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Abstract

In a socio-economical point of view, one can have a common belief that richer countries tend to win more medals
in worldwide competitions. The Olympic game is a sport competition that where some country win more prizes
overall, challenging the logic of the distribution of medal. In the present study we analyze the distribution of
medals by country in 2016 Olympic game held in Rio de Janeiro, Brazil. Despite in a first look one can
apparently find it random, after a careful analysis we find that the number of medals achieved by each country
indicates Zipf’s law distribution. The reason for Zipf’s law in the distribution of medals is discussed from the
point of view of a relation between the number of participants and GDP.

1. Introduction
The Olympic Games and the Medals

As being one of the most important events in the modern world, the Olympic game features summer and winter
sports competitions, originally proposed by Coubertin as a revival of the Ancient Olympic game, which started in
B.C. 9" century. The first modern Olympics was held in 1896 in Greece, and the recent one in 2016 in Rio de
Janeiro. The Olympic game is a unique event aiming to promote peace across the countries, religions, ideologies,
races, and so on. The Olympic game can be “more than an organized set of competitions” that induces a social
and economic development of the host cities/countries. More than 11,000 people participated from different
countries over 200, and competed on 28 sports in 306 different events, capturing the world’s attention in the
following question: which country won more medals? The answer to that particular question becomes clear
immediately after competition. The country in the 1%, 2™, or any other place in the rank, varies, reflecting the
tradition and the evolution of sports skills. Intuitively, a richer country seems to take more prizes, however, it
may not be always true, and countries with low wealth sometimes having strong traditions in sports can overcome
richer nations. Looking at a simple statistics of medal number which was achieved by each country, it seems to be
random distribution. But when we plot the number of medals against the number of the participants of each
country as shown in Fig.1, one may notice that there is a correlation between the total number of achieved medals
by each country and the number of participants of each country.
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In such plot, the total number achieved in one country is distributed from zero to 46 of Gold Medals, the Silver
Medals is from zero to 37, and the Copper Medals is from zero to 38. The number of participant of each country
distributes up to 554 from USA.
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Fig.1 The total number of medals achieved by each country is plotted against the number of participants. A
diamond<> in a circle is for Brazil, where the host country for Olympic 2016 in Rio de Janeiro. Usually
about a half of this year’s participants were sent from Brazil.

Fitting by a quadratic equation or higher order, we find that coefficients of higher powers such as x2,x3... are
very small. The fitting by a line is given in Fig.1 with R? = 0.73. The correlation coefficient between the total
number of medals and the number of participants is 0.85. We may conclude that these two quantities, that is, the
number of medals and the number of participants are correlated each other.

2. The Zipf Distribution

Zipf’s law is a famous regulation to stand for almost all phenomena even if the phenomena are seemed to be
random. In Linguistic studies, Zipf described a very typical example of a power law scaling in data on human
behavior'. By examining the word frequency and its rank in texts, Zipf found that the word frequency distribution
is related with its rank, i.e., the frequency of appearance of the k-th element in the rank is proportional to 1/k.

Similar regulation is found in various fields and a number of researchers have studied about Zipf’s law. The
Zipf’s law can also be applicable to various random and complex phenomena. Gutenberg-Richter’s law that the
frequency of earthquakes beyond magnitude M is proportional to (the magnitude) -2/3 is similar problem to Zipf’s
law’ Recently, the Zipf’s law was discussed by many authors, such as many different types of power law in fractal
matters®*, 1/f noise® and Pareto theory®frequencyofthewords which are often used’®the family name
distribution®*, the population or scale of cities***, scale of firm', internet access ranking'®*’, the distribution of
high income ***, and economic growth®, etc.

In the next section we will apply Zipf’s plotting for the number of medals in the Olympics.
3.Zipf’s Law in the number of medals

In Fig. 2, we plot the number of gold medals against the rank which is determined by the number of gold medals
represented by the diamond <> in a double logarithmic diagram®®. The square 0 and the triangle Aare plotted in a
similar manner, but with ranking which is decided by the number of silver and copper medals, respectively. We
find that the three curves show a pretty straight portion at the initial part with y = —0.6895x + 3.7642, that
means the number of medals depends as a power law on the rank , i.e., ~r~%up toaboutr = 13. The fitting by a
line is given in Fig.2 with R? = 0.94.
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Fig.2. The number of medals is plotted against the rank, where the rank is decided by the number of gold
medals, silver medals, and copper medals, respectively.

On the other hand, the data in the lower part of Fig.2 seems not to follow a power law. We can count the number
of countries which achieved one gold medal, two gold medals and so on up to about ten gold medals. Also, we
can count the number of countries which won silver and copper medals, respectively in the similar way, which is
plotted by the square o and the triangle Ain Fig. 3a. These points of the diamond <> (gold medal), the square o
(silver medal)and the triangle A(copper medal) are fitted by lines of solid, dashed and dot-dashed lines,
respectively. The fitting lines are y = —1.2417x + 3.0505 (R?> = 0.86) for the gold, y = —1.3799x +
3.2925(R? = 0.85) for the silver and y = —1.1509x + 3.1122(R? = 0.8) for the copper medals, respectively.
The fitting line of the total number of gold, silver and copper medals is y = —1.2145x + 4.2439 (R? = 0.93) as

shown in Fig 3b.
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Fig.3a. The log-log plot of the number of countries which achieved only one, two, three up to ten gold medals
against number of medals. Values of gold medals are plotted by <>, also silver and copper medals are plotted by

o and A.
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Fig.3b. The number of countries which achieved only one, two, three medals and so on without distinction of the
color of medals is plotted against number of medals up to ten gold medals. The line is a fitting line.

The behaviors of competition in Olympic game are similar to those found on complex systems phenomena, like
the word distribution, population, earthquakes and so on. From Figs 2 and 3, we may conclude that the medal
number also follows to Zipf’s law, but it is important to explain why the medal number in Olympic game follows
Zipf’s law, in the next section.

4. Why the number of medals follows to Zipf’s Law?

Now we will consider how the number of participant is decided, because the number of medals is almost
proportional to the number of participants as seen in Fig.1. The athletic players have to prepare for a long time in
order to grow up their skill, where the most of them need nationwide support in many aspects, especially financial
support is most serious one. In addition, most countries seem to believe that the Olympic event is the critical
opportunity to appeal their significance towards the world. In order to let players take part in the Olympic game,
the nationwide effort to grow superior athletes is critical. The country which is able to send more players to the
Olympic is considered to be a more “economically advantageous” country. The more economical capable
countries could send the more participants to the Olympic game, in this case, to Brazil. Considering that the GDP
index represents a comparative economic allowance of the countries, one can state that the country which has
large economic power (GDP) can send a large number of participants.

Thus, by following such logic, we plot the total number of participants against GD of participants’ country in
Fig.4, and we find that there is a correlation also between the number of participants and GDP. The fitting lines
are drawn by splitting the whole data into two parts, where the first part is of the three economical-big countries
(USA, China and Japan) in GDP and the second part is the other countries. The circleo shows the top three
countries with the fitting line y = 0.016x + 257.07(R? = 0.98). The cross+ is for the other countries except
USA, China and Japan with the fitting line y = 0.1474x + 20.981(R? = 0.7). The correlation coefficient
between the number of participants and GDP of Fig.4 is 0.68, which is small but positive. From Fig.4 we
understand that the top three countries send much less participant than expected number which is estimated from
the lower fitting line.
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Fig.4. The number of participants against GDP (billions of $). © shows the top three countries (USA,
China and Japan) and A is for the other countries.

We try to give a proof that there is a correlation between the number of participants and the number of medals,
also between the number of medals and GDP. By Fig.1 we have already known that the number of achieved
medals correlate with the number of participants. In order to check this correlation we plot the two quantities —
the number of participants and GDP in Fig. 4.

From Fig.1, it is obvious that countries which send more participants obtain a lot of medals. From Fig.4, we can
tell that the country with more GDP can send more participants. Thus, we can conclude that there should bea
strong correlation between the number of medals and GDP. Therefore, our results indicate that the number of
obtained medals might have been represented by Zipf’s law, because Zipf’s law behavior of GDP itself has been
shown by many authors®?%,

5. Discussion

In order to understand our result better in a global point of view, we analyze the quantities of participants, number
of medals, and GDP distributed by seven regions (North America, Asia, Europe, Latin America, Oceania, Middle
East and Africa) in the world®. First, in Figs5a and 5b, we indicate the number of participants and the number of
medals by the world regions such as Asia, Europe, Latin America, Oceania, Middle East, Africa and North
America.

number of participants number of medals

North...

Figba.Comparison of the number of participants from seven world regions
Figbb.Comparison of total number of medals which were achieved by seven world regions
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By looking at both Figs. 5a and 5b, it is obvious that most of whole participants were from European countries. In
the other hand, Figure 6a shows the total amount of GDP of seven regions. There are two more big peaks of Asia
and North America added to the peak of Europe in Fig. 6a which is due to the fact that USA of which GDP is no.1
in the world belongs to North America. Also no.2 and no.3 in the world are China and Japan which belong to
Asia. Except these three big countries, the top amount of GDP is shared by European countries as shown in Fig.6b
and the radar pattern is similar to Figs 5a and 5b.

GDP GDP(except USA, China, Japan)

Fig. 6a.The total amount of GDP (the unit is a trillion $)of 7 world areas. Asia and North America in circles have
a large amount of GDP of USA , China and Japan respectively.

Fig.6b.The total amount of GDP (the unit is a trillion $) of 7 world areas except USA, China and Japan. Then we
obtain a very similar pattern as Figs 5a and 5b

The correlation between the number of participants and the number of obtained medals is understood by Fig.1.
We also found that there is strong correlation between the number of obtained medals and GDP which shows the
economic status of the country from Figs 5 and 6.The Olympic game is considered to be the competition which
can symbolize each background of each country as shown in Fig.7.The correlation coefficient is 0.80 which
shows rather good correlation.
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Fig.7. The log-log plot of the number of participants against GDP (billions of $).

Finally we show that the number of participants satisfies already with Zipf’s law. In Fig.8, we show log-log plot
of the number of participants against the rank. The fitting by a line y = —0.2655x + 6.3633(R? = 0.91) for top
twelve countries (USA, Brazil, Germany, Australia, China, France, UK, Japan, Canada, Italy, Spain and Russia) is
given in Fig.8 which shows quite good matching with Zipf’s law.
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Fig.8. log-log plot of the number of participants against rank
Thus, it is obvious that there is a strong correlation between the number of participants and the economic power.
6.Conclusions

A lot of world records and the number of medals were won by competition of various athletic events in the Rio
Olympic game in 2016 after great enormous effort of players. Despite an inspection initially induces that the
distribution of the number of medals follows a random distribution, in a more close analysis we found that they
indeed follow the very well-known Zipf’s distribution. The current analysis has been made by considering the
whole GDP as being a key factor to the investments on sports, but of course, this relation is not linear, some
countries spend more percentage of its budget in sports than others, so one further step to this work is also
considered to be the specific amount of resources spent by each country on those activities. In another point of
view, the practice of some sports varies among countries, and the distribution of resources are also clearly non-
linear among the different disciplines, and this can naturally affect the final result obtained by a country in
Olympics. Such factor should also be considered in our future analysis.
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