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Abstract
Introduction. The main goal of the study was to examine the changes in the scores achieved by a group of the best decathletes 
in Poland and in the world over the duration of their entire sports careers. Material and methods. The study examined the 
careers of 25 top decathletes in Poland and 25 top decathletes in the world who achieved their best scores in the decathlon in 
the years 1985-2015. Changes in their performance were analysed using three research protocols, which explored the relation-
ships between the decathletes’ performance and their age, the number of years of training completed, and the number of years 
elapsed before and after the decathletes achieved their personal best scores. In order to analyse the data, some basic descriptive 
statistics, performed segmented regression, and computed fixed-base and chain indices were calculated. Conclusions. The 
findings of the current study indicate that decathletes achieve the best outcomes between the ages of 25 and 30. Furthermore, 
it was found that the time when the personal best scores were attained was preceded by the greatest increases in the level of 
performance and followed by the largest decreases in performance. Determining the way performance outcomes change in 
particular years of the career of a decathlete can help manage their training in different phases of their career more effectively.
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Introduction

The decathlon is one of the most difficult and most com-
plex disciplines in track and field athletics. Since 1911, the men’s 
decathlon has consisted of 4 running events, 3 jumping events, 
and 3 throwing events [1]. The events take place over two days. 
On day 1, the 100-m race, long jump, shot put, high jump, and 
400-m race are held, whereas on day 2, the 110-m hurdle race, 
discus throw, pole vault, javelin throw, and 1500-m race are or-
ganised. The best outcomes achieved in each event are calculat-
ed into points, according to the scoring tables for the decathlon, 
which are then added up. The total number of points achieved 
in the events held on both days of the decathlon determines the 
decathlete’s rank in the competition. The scoring tables which 
are currently used were designed in 1985.

From a physiological point of view, the decathlon involves 
the aerobic (1500-m race), glycolytic (400-m race), and phos-
phagen (100-m race, jumping, and throwing) systems [2]. Mo-
tor performance in the decathlon depends mainly on the ath-
lete’s speed-strength capacities [3]. As for the complexity of the 
movement performed in the decathlon, both events which in-
volve simple movement (the 100-m, 400-m, and 1500-m races) 
and those which involve complex movement (the pole vault and 
110-m hurdle race) are held [4, 5].

Changes in the outcomes of performance in athletics have 
been analysed by several authors, both from Poland and all over 
the world. Maszczyk [6] carried out an analysis of the variability 
of the outcomes achieved by world athletes in selected athletics 

events in the years 1946-2011. The models he developed addi-
tionally made it possible to predict outcomes for the years to 
come. Changes in performance have also been investigated in 
groups of Olympic finalists [7]. These analyses have shown how 
outcomes in particular types of throwing events improved over 
several dozen years.

Other publications regarding this issue have, among others, 
reported on the way the careers of the best athletes in the world 
in selected disciplines developed [8] and analysed changes in 
performance outcomes over shorter (2003-2013) [9] and longer 
(1946-2013) [10] periods of time. In the case of the decathlon, 
analysing the mark (total number of points) obtained by the 
athletes is only a starting point for more detailed analyses focus-
ing on the outcomes achieved in each event.

Analyses such as the ones mentioned above allow research-
ers to monitor the evolution of performance outcomes in each 
discipline, and thus the evolution of the discipline itself, as well 
as making it possible to track the rate at which the outcomes 
of Polish and world athletes are improving. That is why in this 
study selected methods of analysing changes in data were used 
to examine the evolution of the outcomes in the decathlon, tak-
ing into account various phases of the sports career of decath-
letes [11].

The main goal of the study presented in this article was to 
investigate the changes in the outcomes achieved by the best 
decathletes in Poland and in the world over the duration of their 
entire sports careers, using selected statistical methods.
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Material and methods

The careers of the top 25 athletes in Poland and the top 25 
athletes in the world who achieved their personal best scores in 
the decathlon in the years 1985-2015 were analysed. The study 
covers the period beginning in 1985 because this is the year 
when the scoring tables for the decathlon were last revised. The 
data of the best 10 decathletes from Poland and the world were 
obtained from the International Association of Athletics Fed-
erations (IAAF) [12] and the Polish Athletics Association [13]. 
The remaining data were collected from publications by stat-
isticians, for example the annual published by the Association 
of Track and Field Statisticians (ATFS) authored by Matthews 
(1985-2013) [14], the annuals by van Kuijen [15], as well as the 
data gathered by H. Gąszczak for the Polish Athletics Associa-
tion [13] and the data available from the website [16] run by J. 
Salamistu. The missing data were obtained from journals on sta-
tistics in athletics and journals on athletics (“Legkaja Atletyka”, 
“Atletika”, “Lekkoatleta”, and many others).

The data (449 records) made it possible to analyse the evo-
lution of the outcomes of Polish and world athletes, which was 
done using the following three protocols:

• Protocol 1 – an analysis of the scores with regard to the 
age of the decathletes;

• Protocol 2 – an analysis of the scores with regard to the 
years of training completed;

• Protocol 3 – an analysis of the scores with regard to the 
number of years elapsed before and after the decathletes 
achieved their record scores.

Only the data which included at least 7 cases were ana-
lysed in the protocols (n ≥ 7). The process of creating particular 
records is described in detail in the work by Plewnia [17].

The analysis was conducted using fixed-base and chain in-
dices [6]. A segmented model was used to analyse the changes 
in the mean scores in the protocols [18]. This type of regression 
analysis is characterised by the fact that the explanatory variable 
is divided into segments, and a separate linear model is deter-
mined for each segment. The coefficient of determination (R²), 
which made it possible to measure the goodness-of-fit of the 
model to the data, was additionally calculated.

The changes in the outcomes achieved by the decathletes 

were first assessed using fixed-base indices τ
κ

i
, the base period 

being the first outcome in the protocol, which were determined 
using the following equation:

τ
κ

i yτ
yκ=

, (1)
where yτ = the level of the phenomenon in the period under 
investigation and yκ = the level of the phenomenon in the base 
period.

The changes in the data were then examined using chain 
indices, in which the values in the period of investigation are 
related to those in the immediately preceding period. The fol-
lowing equation was used to calculate chain indices:

τ   
τ-1

i yτ
yτ-1 

=
, (2)

where yτ = the level of the phenomenon in the period under 
investigation and yτ-1 = the level of the phenomenon in the pre-
ceding period.

Results

The data used in all three protocols are presented in tables 
1 (world athletes) and 2 (Polish athletes) using basic descriptive 
statistics.

Table 1. Basic descriptive statistics for the group of world athletes

World
Protocol 1 Protocol 2 Protocol 3

Age n x ± sd
Years 

of 
training

n x ± sd

Years 
before 

and after 
record 
score

n x ± sd

16 1* 6873 ± 0 1 25 7250 ± 688 -13 1* 6671 ± 0
17 4* 6455 ± 882 2 25 7667 ± 515 -12 1* 7351 ± 0
18 10 7190 ± 464 3 23 7992 ± 401 -11 1* 7771 ± 0
19 18 7465 ± 291 4 22 8184 ± 438 -10 3* 6570 ± 1226
20 18 7614 ± 512 5 23 8298 ± 329 -9 7 7154 ± 725
21 18 7995 ± 419 6 25 8390 ± 330 -8 10 7403 ± 395
22 23 8266 ± 279 7 22 8533 ± 197 -7 12 7662 ± 478
23 24 8279 ± 309 8 16 8506 ± 194 -6 17 7757 ± 543
24 22 8445 ± 267 9 21 8512 ± 226 -5 19 7961 ± 465
25 22 8488 ± 237 10 15 8565 ± 146 -4 20 8126 ± 409
26 20 8502 ± 204 11 17 8482 ± 340 -3 22 8273 ± 397
27 21 8603 ± 221 12 16 8450 ± 307 -2 23 8410 ± 259
28 20 8553 ± 252 13 11 8197 ± 542 -1 23 8455 ± 222
29 13 8486 ± 337 14 6* 8406 ± 351 0 25 8735 ± 135
30 14 8465 ± 262 15 5* 8292 ± 191 1 17 8550 ± 190
31 12 8310 ± 336 16 4* 8264 ± 203 2 18 8442 ± 262
32 11 8183 ± 445 17 4* 8219 ± 394 3 18 8353 ± 376
33 7 8268 ± 308 18 2* 8119 ± 173 4 15 8395 ± 283
34 4* 8164 ± 143 19 2* 8184 ± 232 5 9 8311 ± 226
35 2* 8184 ± 232 20 6 11 8224 ± 343
36 21 1* 8109 ± 0 7 6* 8262 ± 309
37 1* 8109 ± 0 22 1* 8097 ± 0 8 3* 8145 ± 113
38 1* 8097 ± 0 9 2* 8193 ± 220

10 1* 7756 ± 0
11 1* 8109 ± 0
12 1* 8097 ± 0

* – data not included in the analysis (n < 7).

The models which represent the trends in the data (fig. 1) in-
dicate that the outcomes achieved by both Polish and world de-
cathletes analysed in all three protocols can be divided into two 
segments: an increasing one and a decreasing one. The trend 
line for the first segment, which has a positive slope, reflects 
the greatest improvement in the outcomes of the decathletes, 
and the one for the second segment, which has a negative slope, 
depicts a drop in the outcomes achieved by the decathletes af-
ter they attained their personal best score. There is one excep-
tion in this respect, however: in the Polish group in the second 
protocol both equations of the segmented model have a posi-
tive coefficient (fig. 1d). This would mean that the performance 
of Polish decathletes whose outcomes were examined in the 
study progressed during most of their career. The results of the 
analysis indicate that the linear models used in the study fit the 
data well (R² ≥ 0.89). The models which fit the best were those 



Dziadek et al.: THE DEVELOPMENT OF THE SPORTS CAREERS ... 9Pol. J. Sport Tourism 2016, 23, 7-13

created for world decathletes in the third protocol (R² = 0.98; 
R² = 0.98), and the models which had the lowest goodness-of-
fit were those for Polish decathletes in the same protocol (R² = 
0.93; R² = 0.89). The values of the coefficients of determination 
calculated for the data indicate that the method of modelling 
was selected well.

As shown in figure 1, the careers of top Polish decathletes 
were shorter than those of top decathletes in the world. Four 
phases can be identified in the careers of world athletes. The 
first one, which lasted 6 years, was characterised by a 15% in-
crease in the outcomes achieved. Then, the level of the decath-
letes’ performance stabilised (at 8477 points) for approximately 
3 years. After these two phases, the decathletes in the world 
group usually attained their personal best score, and afterwards 
their scores decreased. In contrast, the careers of Polish decath-
letes developed less dynamically, and distinct phases could not 
be clearly identified. In this group, outcomes improved continu-
ously by 11% until the record score was attained. Polish decath-
letes performed the best at the ages of 25-26 years (obtaining 
7596 points), and afterwards their performance deteriorated.

As far as the data concerning the number of years elapsed 
before and after achieving the record scores are concerned, fig-
ure 1e and 1f shows the period preceding their attainment, which 
was characterised by continuous improvement in performance, 
and the period after the best scores were achieved, during which 
performance deteriorated. Both of these periods were shorter in 
the Polish group. When the same periods before (5 years) and 
after (3 years) achieving the best personal outcome were exam-
ined for both groups, it was found that scores increased by 13% 

Table 2. Basic descriptive statistics for the group of Polish athletes

Poland
Protocol 1 Protocol 2 Protocol 3

Wiek n x ± sd
Years 

of 
training

n x ± sd

Years 
before 

and after 
record 
score

n x ± sd

16 1* 5470  ±  0 1 18 6756 ± 514 -10 2* 6582 ± 621
17 3* 6426  ±  273 2 15 7057 ± 301 -9 2* 6999 ± 33
18 10 6833  ±  325 3 19 7210 ± 209 -8 2* 7431 ± 9
19 9 7072  ±  296 4 21 7367 ± 241 -7 2* 7416 ± 221
20 15 7194  ±  235 5 19 7427 ± 262 -6 4* 6577 ± 205
21 17 7232  ±  296 6 20 7479 ± 281 -5 8 6847 ± 621
22 16 7315 ± 266 7 17 7504 ± 327 -4 14 7014 ± 366
23 18 7318 ± 347 8 11 7413 ± 455 -3 16 7232 ± 411
24 18 7481 ± 394 9 7 7634 ± 307 -2 17 7355 ± 350
25 14 7596 ± 305 10 5* 7441 ± 568 -1 19 7472 ± 306
26 14 7596 ± 283 11 5* 7753 ± 645 0 25 7720 ± 280
27 10 7573 ± 454 12 2* 7665 ± 87 1 21 7374 ± 315
28 8 7385 ± 343 13 2* 7365 ± 8 2 16 7305 ± 293
29 3* 7340 ± 387 14 2* 7171 ± 217 3 10 7290 ± 211
30 2* 7732 ± 528 15 4 5* 7261 ± 211
31 3* 7364 ± 355 16 5
32 1* 7371 ± 0 17 6
33 1* 7324 ± 0 18 7

* – data not included in the analysis (n < 7).

in the Polish group and 10% in the world group in the former 
period and decreased by 6% in the Polish group and 4.6% in the 
world group in the latter period.

The fixed-based indices, which were additionally calculated 
and analysed and where the first outcome in the respective pro-
tocol was used as the base period [6], are shown in figure 2a, 
c, and e. The values of the indices and the graphs which were 
generated confirm the observations regarding the progression 
of the sports careers of the decathletes in the two groups de-
scribed above.

In the group of the best decathletes in the world, the first 
phase of the sports career is characterised by a dynamic increase 
compared to the base period. The indices for the period of stabi-
lisation which follows, on the other hand, increase only slightly 
and remain on a similar level. As for the period when the per-
sonal best score was achieved, this is when the greatest increase 
in the values of the indices can be observed. In the final phase 
of their careers, top decathletes in the world achieved lower and 
lower outcomes. The values of the fixed-base indices are higher 
in this group than in the group of Polish decathletes. When it 
comes to the graph for the age of the decathletes (fig. 2a), the 
highest mean increase compared to the base period in the Polish 
group was 11.11%, whereas that in the world group it was 19.65%.

The changes in performance before and after achieving the 
personal best score are depicted in figure 2e. When the same 
periods before and after attaining the best scores were examined 
in both groups, it was found that the increases and decreases in 
the values of the fixed-base indices were on a similar level (the 
values increased by 11% and decreased by 6%).

The chain indices [6], which are shown in figure 2b, d, and 
f, also indicate that the scores of both groups increased until 
the best scores were achieved. Then the values of the indices 
become lower, which means that the scores decreased.

As far as the values of the indices and age of the decathletes 
are concerned (fig. 2b), they changed considerably in the first 
phase of the sports career in the world group; it is in this phase 
that the most significant increases and decreases in the index 
compared to the preceding period were observed. The greatest 
increases in this group were found for the ages of 21 (3%) and 24 
(2%) years, and the greatest decreases were noted for the ages 
of 20 (2%) and 22-23 (5%) years. At the age of 27, the decath-
letes achieved their record scores, and this year in their career 
was characterised by a 1% increase compared to the preceding 
year. In the group of Polish decathletes, the values of the indi-
ces changed in a less dynamic way. The greatest decreases were 
found for the ages of 20-21 years (3%), 25-26 years, and 28 years 
(2%). The most considerable increase was noted for the age of 
24 years (3%), which is when the decathletes attained their per-
sonal best scores.

As for the following years of the careers of the decathletes 
in both groups (fig. 2d), the chain indices do not vary much. A 
continuous decrease in the outcomes achieved by the best de-
cathletes in the world can be observed starting from the 10th 

year of training, where the chain indices are equal to τ   
τ-1

i <  1 . 
Minor decreases in the values of the indices were found for the 
8th (2%), 11th (1.6%), and 13th (2.5%) years of training, and minor 
increases were found for the 7th, 9th, 10th, and 12th years (1%). 
In the group of Polish athletes, the greatest decreases were ob-
served for the 3rd (2.3%), 5th (1.3%), and 8th (1.6%) years of train-
ing. The most considerable increase was found for the 9th year of 
training, and it amounted to 4.2%.

The results obtained in the third protocol (fig. 2f) show that 
the outcomes achieved by both groups changed in a dynamic 
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Figure 1. Trend lines obtained for protocols 1 (a-b), 2 (c-d), and 3 (e-f) 
Figure 1. Trend lines obtained for protocols 1 (a-b), 2 (c-d), and 3 (e-f)
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Figure 2. Fixed-base indices (a, c, and e) and chain indices (b, d, and f) obtained for the three 

protocols 

Figure 2. Fixed-base indices (a, c, and e) and chain indices (b, d, and f) obtained for the three protocols
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way. After the decathletes achieved their personal best score, 
their outcomes deteriorated, and the values of the chain indices 
become lower (by 7.8% in the Polish group and 5.4% for the 
world group).

Discussion

The age at which athletes attain the best outcomes has been 
examined by several authors, including Polish authors such 
as Ważny and Sozański [19, 20, 21, 22]. Analyses aimed at es-
tablishing the optimal age for achieving superior outcomes in 
sports in all of the disciplines in athletics were conducted al-
ready before the Second World War: pioneering research which 
monitored the age at which elite German athletes achieved their 
best outcomes was carried out in 1933 [23].

However, determining the role of age in the process of 
sports training requires analysing not only the age when athletes 
achieve their personal best scores, but also the age at which they 
were selected for competitive sports, the duration of the general 
and specific training periods, and the duration of their sports 
careers. One Polish scholar who analysed entire sports careers 
using mathematical methods was Ważny [24], whose work was 
published in 1981. Since then sport has changed and so have the 
methods used in statistical analyses.

In the past few years, the decathlon has undergone signifi-
cant transformation, as athletes no longer perform in a similar 
and rather “average” way in all of the events: they now display 
superior performance in several similar events. For example, the 
current holder of the world record, Ashton Eaton, has world-
class achievements in short-distance races (the 100-m and 400-
m races and the 110-m hurdle race) and the long jump, but he 
also performs very well in the 400-m hurdle race, which is not 
part of the decathlon [12].

The age at which decathletes become champions differs 
significantly. The youngest Olympic champion in the history 
of this complex discipline was Bob Mathias, an American, who 
was 17 years and 263 days old when he won his first gold medal 
in 1948. On the other hand, the oldest world champion was 32 
years and 279 days old; this was Roman Šeberle, an athlete from 
the Czech Republic [25, 26].

Apart from examining the periods when athletes achieve 
their record scores, it is also important to analyse the periods of 
rising performance which lead to the best scores and those dur-
ing which performance remains on the highest level [22].

The analysis shows that it takes top world athletes approxi-
mately 10 years of training to achieve their best personal scores, 
and superior performance is maintained for 6 years, whereas 
the span of the careers of Polish decathletes is shorter, and in 

their case, these two periods last 6 and 3 years, respectively (fig. 
2e). The individual parameters of the top decathletes in Poland, 
Europe, and in the world in consecutive periods of their sports 
careers are shown in figure 3.

Conclusions

The following conclusions may be drawn based on the find-
ings of the study:
1. Athletes start competing in the decathlon approximately at 

the age of 17 and attain their personal best scores between 
the ages of 25 and 30 years. The careers of top decathletes 
in Poland are much shorter than those of top decathletes in 
the world.

2. It may take a decathlete 6 (if they are a top Polish athlete) 
to 10 (if they are a top world athlete) years to attain their 
highest scores, and while Polish decathletes continue their 
careers for only 4 years after achieving their best outcome, 
top world decathletes do so for even up to 13 years.

3. The year when decathletes attain their record score is pre-
ceded by a period of the most significant increases in the 
outcomes achieved, and the period which follows is charac-
terised by the largest decreases in performance.

4. In order to analyse the progression of careers in the men’s 
decathlon in more detail, it is necessary to track changes 
in the outcomes achieved in each individual event which is 
part of the decathlon.
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