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1) INTRODUCTION 
At the time of the ancient Olympic Games long jump was one of the events comprising the athletics competition of pentathlon, and ever since the first modern Olympic Games in 1875, it has been a single, separate athletic discipline. The first jump over 7 m was performed by an Irishman John Lane in 1875, with a 7.045 m jump, and the first jump over 8 m was performed by Jesse Owens in 1935, with a 8.13 m jump. At the very beginnings of the discipline, the ancient Greeks used weights when performing long jump, but it is difficult to discern from the remaining ancient depictions whether it was a standing or a running long jump. Today, the most widely used techniques are the hang technique and the hitch-kick technique. The current men's world record of 8.95 m was set by Mike Powell back in 1991.

The Olympic Games present the highest level of competitive rivalry for an athlete in which the athletes are expected to achieve their best results, but very often what happens is quite the contrary. By keeping track of  the results of the Olympic winners, a progressive trend of the development of results can be observed, up until the 1988 Olympics in Seoul, after which follows a slight decreasing trend in results. Although the development of technology, methodology of trainings, nutritional supplements, equipment and the conditions in which the top athletes train are at a very advanced level today, the achieved results point out to the complexity and the variety of internal and external factors influencing the athlete's performance. When taken in consideration that athletic coaches use individual longitudinal athlete's data in jump evaluation and prediction of their future performances (Liu, 2004), that kind of knowledge presents an important factor for coaches and expert teams when adequatly preparing athletes. Other researchers, such as Heazlewood (2006), Milinović, Milanović and Harasin (2008, 2009), also dealt with the similar problem of the analysis of the results' development trends, while Dyer (1989), Suter, Gembris and Taylor (2002) and Blythe and Kiraly (2015) dealt with predicting athletic performances on other levels of competition. 
The primary aim of this research is to predict achievements in the 2020 Tokyo Olympics, based on the analysis of the winners' results from the previous Olympics, from 1948 to 2016. Furthermore, the aim is to determine whether there is a statically significant difference between the results of the Olympic winners and the season's best results, starting with the 1976 Montreal Olympics to the 2016 Rio de Janeiro Olympics. 
2) METHODS
2.1 SAMPLE OF RESPONDENTS
In order to achieve the primary aim, the sample is composed of long jumpers, the Olympic Games winners from 1948 London Olympics to 2016 Rio de Janeiro Olympics. Therefore, the sample is composed of 18 long jump winners at the Olympic Games. In order to achieve the secondary aim of this paper, besides the already mentioned sample, the results of  the long jumpers who have achieved season's best results during the last 11 olympic years (from 1976 Montreal Olympics) have been included in this research. 

2.2 SAMPLE OF VARIABLES 
The variable in this research is the athletic discipline of men's long jump. The data were collected from the official website of the International Olympic Committee (IOC) and from the Track and field all-time, Peter Larson's official website. 

2.3 DATA PROCESSING METHODS
The statistical analysis was performed with the software package for Statistica 7. The basic descriptive parameters were calculated for the variables in this research: arithmetic mean (M), standard deviation (SD), minimum (MIN) and maximum (MAX) result and range. The predicted values for the long jump finals at the 2020 Tokyo Olimpic Games were obtained by approximating results of the winners according to the models of 2nd and 3rd degree polynomial regression functions. The values show the estimated results for the 1st place in men's long jump at the 2020 Tokyo Olympics. The significance of differences between the winner's results at the Olympics and the season's best results during at the same olympic year were determined by the T-test for the independent samples. The level of significance was set to p < 0,05. The preconditions for the application of T-test for the independent samples were checked by the Kolmogorov-Smirnov (K-S test) and Shapiro-Wilk (S-W test) tests of normality, and the homogeneity of variances was checked by Levene's test. 
3)  RESULTS AND DISCUSSION
Table 1 shows the basic descriptive statistics of the results from the long jump finals at the Olympic Games. The arithmetic means of the finalists’ results show that the highest average result was achieved at 2004 Athens Olympics (8.33 m), and the lowest at the 1952 Helsinki Olympics (7.26 m). The lowest range of results, i.e. the difference between the highest and the lowest finalists’ result at the Olympic Games was noticed at the 2016 Rio Olympics and the highest range at the 1968 Mexico City Olympics. The highest range at Mexico City Olympics is quite expected, given that Bob Beamon’s result of 8.90 m, the Olympic record, is still unreachable for athletes, despite the numerous modern training privileges. The possible explanation of that exceptional result might lie in the fact that the host city was located at an elevation of 2240 m. While elevation is often experienced as an aggravating circumstance for the athletes having to adjust to the conditions of thin air with low oxygen levels, especially in endurance sports, for some sports and athletic disciplines it has been a mitigating circumstance, especially for long jump, high jump and pole vault. Even though the progressive rate in winning results can be observed until 1988 Seoul Olympics, and afterwards the decreasing trend in results, it is noticeable that the range between the 1st and the 8th result is getting lower. The lower range leads to a stronger and better competition, and to more exciting outcomes of the finals.  
Table 1. Descriptive parameters of the Olympic long jump finals results
	Olympic year
	Place
	N
	Range
	Min
	Max
	M
	SD

	1948
	London
	8
	.83
	7.00
	7.83
	7.35
	0.30

	1952
	Helsinki
	8
	.55
	7.02
	7.57
	7.26
	0.20

	1956
	Melbourne/Stockholm
	8
	.56
	7.27
	7.83
	7.46
	0.20

	1960
	Rome
	8
	.54
	7.58
	8.12
	7.86
	0.23

	1964
	Tokyo
	8
	.81
	7.26
	8.07
	7.63
	0.35

	1968
	Mexico
	8
	.96
	7.94
	8.90
	8.17
	0.31

	1972
	Munich
	8
	.49
	7.75
	8.24
	8.01
	0.15

	1976
	Montreal
	8
	.51
	7.84
	8.35
	8.01
	0.16

	1980
	Moscow
	8
	.52
	8.02
	8.54
	8.18
	0.16

	1984
	Los Angeles
	8
	.73
	7.81
	8.54
	8.10
	0.24

	1988
	Seoul
	8
	.83
	7.89
	8.72
	8.18
	0.29

	1992
	Barcelona
	8
	.80
	7.87
	8.67
	8.22
	0.30

	1996
	Atlanta
	8
	.44
	8.06
	8.50
	8.20
	0.14

	2000
	Sydney
	8
	.49
	8.06
	8.55
	8.26
	0.18

	2004
	Athens
	8
	.38
	8.21
	8.59
	8.33
	0.13

	2008
	Beijing
	8
	.34
	8.00
	8.34
	8.17
	0.10

	2012
	London
	8
	.38
	7.93
	8.31
	8.10
	0.11

	2016
	Rio de Janeiro
	8
	.33
	8.05
	8.38
	8.21
	0.13


Figure 1. Graphic representation of the results of the Olympic long jump winners
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This paper presents the values of estimating results of the Olympic long jump winners  according to the models of 2nd and 3rd degree polynomial regression functions. The predicted values for the long jump finals at the 2020 Tokyo Olimpic Games were obtained by approximating results of the winners according to the models of 2nd and 3rd degree polynomial regression functions (Table 2 and Table 3). The values show the estimated results for the 1st place in men's long jump at the 2020 Tokyo Olympics. Both models have high correlation and explained variance (2nd degree polynomial R=0.85, V=71.65 %, 3rd degree polynomial R=0.85, V=71.67 %). The predicted result is 8.16 according to the 2nd degree polynomial regression model and 8.18 according to the 3rd degree polynomial model. The values are lower than at the last 13 competitions, however, after the 1968 Mexico City Olympics, a strong decrease in results is noticeable, and up to this day no one has been able to get close to the 8.90 m Olympic result. Winners results vary from competition to competition and therefore it is difficult to predict future results because of the numerous factors affecting the final outcome. Still, there is a tendency that the future winner at the Olympic Games will achieve better results than predicted. Heazlewood (2006) did a research which dealt with predicting the success of the athletes in different athletic disciplines at the 2000 Sydney Olympics and the 2004 Athens Olympics. By using the mathematical functions, a comparison of achieved average finalists' results was carried out. The predicted values were higher than those achieved at both competitions. The predicted result for the Sydney Olympics was 8.36 m, while the achieved result was 8.26 m. In Athens, the predicted result was 8.42 m, while the achieved result was 8.33 m.  
Figure 2. Graphic representation of the prediction of the Olympic long jump winners’ results according to the 2nd and 3rd degree polynomial regression functions 
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Table 2.  Approximation of the Olympic long jump winners’ results according to the 2nd and 3rd degree polynomial regression functions 

	y= b0 + b1*x + b2*x**2
	y= b0 + b1*x + b2*x**2 + b3*x**3

	R=0.846478
	R=0.846602

	Explained variance =71.6526%
	Explained variance

=71.6735%

	b0
	b1
	b2
	b0
	b1
	b2
	b3

	7.43574
	0.19942
	-0.00848
	7.41778
	0.20943
	-0.00977
	0.00005


Table 3. Estimated values and residuals for the Olympic long jump winners’ results according to the 2nd and 3rd degree polynomial analyses of regression functions 
	
	
	2nd DEGREE POLYNOMIAL
	3RD DEGREE POLYNOMIAL

	
	ORIG.REZ.
	PROG.REZ.
	REZIDUAL
	PROG.REZ.
	REZIDUAL

	1948_London
	7.83
	7.63
	0.20
	7.62
	0.21

	1952_Helsinki
	7.57
	7.80
	-0.23
	7.80
	-0.23

	1956_Melbourne/Stock
	7.83
	7.96
	-0.13
	7.96
	-0.13

	1960_Rome
	8.12
	8.10
	0.02
	8.10
	0.02

	1964_Tokyo
	8.07
	8.22
	-0.15
	8.23
	-0.16

	1968_Mexico
	8.90
	8.33
	0.57
	8.33
	0.57

	1972_Munich
	8.24
	8.42
	-0.18
	8.42
	-0.18

	1976_Montreal
	8.35
	8.49
	-0.14
	8.49
	-0.14

	1980_Moscow
	8.54
	8.54
	0.00
	8.54
	0.00

	1984_Los Angeles
	8.54
	8.58
	-0.04
	8.58
	-0.04

	1988_Seoul
	8.72
	8.60
	0.12
	8.60
	0.12

	1992_Barcelona
	8.67
	8.61
	0.06
	8.60
	0.07

	1996_Atlanta
	8.50
	8.59
	-0.09
	8.59
	-0.09

	2000_Sydney
	8.55
	8.56
	-0.01
	8.56
	-0.01

	2004_Athens
	8.59
	8.52
	0.07
	8.51
	0.08

	2008_Beijing
	8.34
	8.45
	-0.11
	8.45
	-0.11

	2012_London
	8.31
	8.37
	-0.06
	8.38
	-0.07

	2016_Rio de Janeiro
	8.38
	8.28
	0.10
	8.29
	0.09

	2020_Tokyo
	
	8.16
	
	8.18
	


The normality of distribution was checked by K-S and S-W tests (Histogram 1 and 2) It has been observed that the OR (Olympic winners' results) and SB (season's best results) meet the normality condition  of p >0,05. Leven's test was used to check the homogeneity of variances where it also meets the precondition of p >0,05 (Table 4). In table 5 the results of the Olympic winners (OR) and the season's best results (SB) from the last 11 Olympic Games were compared, starting with 1976 Montreal Olympics. It is possible to determine from the results in Table 5 that there is no statistically significant difference between OR and SB results (t₍₂₀₎= - 1.36, p > 0.05). Although there is no statistically significant difference, it is noticeable that the SB results are higher in average than the Olympic winners' results (OR- AS= 8.50, SD= 0.14; SB- AS= 8.58, SD= 0.15). An example of the previous statement is the latest 2016 Rio de Janeiro Olympics result, where the long jump winner Jeff Henderson jumped 8.38 m, while ony a month before the Olympics Jarrion Lawson achieved the result of 8.58 m. Lawson took the 4th place at the Olympics by jumping 8.25, which might imply the absence of tapering. The result he achieved only a month before the Olympics was listed as the 61st best result of all times, which is also the best result in the last 5 years. 
Histogram 1- OR- normality of distribution                 Histogram 2- SB- normality of distribution
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Table 4. Levene’s test
	Levene F (1,df)
	Df Levene
	P Levene

	0,008348
	20
	0,93


Table 5. The differences between Olympic winners’ results and season’s best results
	Grupa 1 vs. 2
	AS 1
	AS 2
	t-value
	df
	p
	N 1
	N 2
	SD 1
	SD 2

	OR vs. SB
	8,50
	8,58
	-1,36
	20
	0,19
	11
	11
	0,14
	0,15


Figure 3. Graphic representation of OR and SB results
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OR- Olympic winner's results, SB- season's best results
Besides tapering, the reason for regression of the results might lie in the more rigorous doping controls. Despite the fact that the first doping controls were carried out at the 1968 Mexico City Olympics, during the next three decades the International Olympic Committee and national Olympic Committees carried out their own doping control programmes but, considering the lack of consistency (Each Committee had their own list of prohibited substances and methods) and the justifiable fear of the conflict of interest, the World Anti-Doping Agency (WADA) was founded as late as 1999 (according to Pajčić and Petković, 2008), and it is known that the best results in in long jump, high jump, triple jump,  pole vault and some throwing disciplines were achieved before 1999.  Also, it is important to mention that Russian athletes were banned from the competition in Rio de Janeiro. The International Association of Athletics Federations (IAAF) banned Russian athletes from participating at the Olympic Games for manipulating the positive samples at doping tests at the Sochi Winter Olympic Games and at the World Athletic Championship in Moscow in 2013. The world champion in Moscow was Russian long jumper Aleksandr Menkov with the result of 8.56 m, but whether he is also a part of systematic manipulation or not,  is the question which might be answered yet. The only permission to participate at the Rio Olympics was given to Daria Klishina, among 67 suspended Russian athletes,  according to the verdict of the Court of Arbitration for Sport (CAS). 
4) CONCLUSION 
The variety of factors can influence  the results'  development trends, such as tapering, level of physical fitness, climate conditions or psychological factors. The numerousness and the complexity of factors which influence the final results impede precise prediction of the results based only on the development trends to date. This paper presents the analysis of the results of the Olympic long jump winners from 1948 to 2016. The progressive trend of average results of the finalists is noticeable until the 2004 Athens Olympics, after which occurs a decreasing trend in the average results of the winners. The lowest range of results is noticed at the 2016 Rio Olympics, which implies to the stronger competition between the finalists. Furthermore, the results of the Olympic long jump winners at the last 11 Olympic Games were compared to the season's best results at the same olympic year (starting with the 1976 Montreal Olympics). The result of the future winner of the 2020 Tokyo Olympics is based on the finalists' results from previous years. According to the 2nd degree polynomial regression model the result is 8.16, while according to the 3rd degree polynomial regression model it is 8.18 m. The predicted results are consistent with the constant decreasing trend of the winners' results. This paper demonstrates that the averagely lower results are achieved at the Olympic Games (8.50), when compared to the season's best results (8.58). However, sometimes the Olympic finals are held in less than ideal conditions and the possibility of having the right conditions at a competitions during the season is much higher (temperature, direction and strength of the wind, elevation).  All of the previously mentioned information might be of help to coaches and expert teams in preparing and applying plans and programs for the next Olympic period. In order to achieve the best possible levels of the fitness of the athletes, especially at the Olympic Games, the most prestigious sports competition, it is important to consider as many factors as possible which can influence the final result and, at the same time, decrease large variations in results. 
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