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1. Introduction

Many studies have been carried out to evaluate the results of the Olympic Games. Some of
them are based on how these events can bring benefits to the host cities [Glynn (2008);
Cheng (2008); Xiaoduo and Jianxin (2008)] and others are interested in social studies
[Bernstein (2000), Farrell (1989), Levine (1974) and Ball (1972)].

Besides these studies, we can find researches in the environmental and health areas
[Hadjichristodoulou, Mouchtouri and Vaitsi (2006); Allen et al (2006); Weiler, Layton and
Hunt (1998); Streets et al (2007)], some about tourism industry and others that evaluate
mathematics and economics aspects of the Games [Heazlewood (2006), Bernard and Busse
(2004), Lins et al (2003) and Li et al (2008)].

In this work we are interested in studying the results of the Winter Olympic Games, held in
Vancouver in 2010, in order to propose a new ranking to the countries that took part in the
Games. Traditionally, as discussed in Soares de Mello et al (2009), the International Olympic
Committee (IOC) shows the results of both Summer and Winter Olympic Games in a table
that rank the nations by the number of gold medals won. This is a Lexicographic method.
Although this is not an official ranking, to the media and people in general, this is a
summary of the participation of the nations, i.e., their production in the games.

In the literature we can find other studies that suggest alternative rankings for the Olympic
Games. As an alternative to rankings based on Lexicographic Methods, some studies as
Lozano et al (2002) use Data Envelopment Analysis models with population and GNP as
inputs and the number of gold, silver and bronze medals as outputs, to rank the nations.
Others authors as Lins et al (2003) improved that model by adding a new constraint that
defined as a constant the total number of medals (Zero Sum Gains DEA model (ZSG-DEA).

As an extension of these studies some authors use others social and economics variables to
build their models such as Churilov and Flitman (2006). These results found in Lozano et al
(2002) were followed by the proposal of using GDP per capita and not only GDP as an input
and creating weight restriction to the DMUs as done by Li et al (2008). In almost a sequence
many researchers have been published new approaches to the same problem [Wu et al
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(2008); Wu, Liang and Chen (2009); Wu, Liang and Yang (2009); Yang et al (2009) and Zhang
et al (2009)].

Besides all the works showed before, we can mention studies that took into account only the
number of medals won by each country. Soares de Mello et al (2008) used as input the
number of athletes brought to the country to the game and Bergiante and Soares de Mello
(2010) proposed as output, the number of medals won by each country. There are other
works that evaluated the home advantage event [Balmer, Nevill and Williams (2001) and
Balmer, Nevill and Williams (2003)] and the difference between the Summer and Winter
Olympic Games [Johnson and Ali (2004)]. Beyond that, some rankings are built taking into
account the total number of medals, the Lexicographic method (explained by Lins et al
(2003)), which under evaluate the gold medal, and others range countries only by the
number of gold medals, which don't evaluate the results of silver and bronze medals.

Although the importance of all these studies to the advance of the knowledge of the
Olympic Games we noted that a few of them, as can be seen in Soares de Mello et al (2009),
concerned about the difference in the value of a medal when comparing different
modalities, for example, ice hockey has, at least, five times to get a medal, while, to win a
biathlon sport, an athlete has to compete only one time.

Due to this important aspect, in this paper, we propose the use of ordinal multicriteria
methods to study the results of the Vancouver 2010 Olympic Games. In our case we
intended to use ordinals methods as Condorcet and Copeland [Barba-Romero and Pomerol
(1997)] to hierarchy the nations.

To do so, we will divide our study in two steps. In the first part, by gathering information
about how many medals each country won in each modality, we will establish two kinds of
ranking. One is taking into account the total number of medals per modalities, and the
second one is regarding only the number of gold medals distributed by modalities. The idea
to use these two rankings, not only one, is based on the criticism of some studies as Soares
de Mello et al (2008) that argues that the first type of ranking, based on the total number of
medals, underestimate the gold medals and the second ranking, based on the number of
gold medals, over evaluate the gold medals.

After built these two rankings, we are going to apply the Copeland method, using them as
criteria. As a result, we aim to establish a ranking per each modality.

In the second step, each ranking built in the earlier stage will be seen as criteria to a new
application of the Copeland Method to establish our final ranking. As one can note, this final
ranking will take into account three different models to assort the countries: the
Lexicographic method, the total number of medals and the difference between all the
modalities of the Olympic Games. As far as we know, this proposal is an advance in the
studies in this field. This can be seen as a hierarchy Copeland method.

It is important to point out the utility of the studies this one in terms of operations
management. As discussed by Roy (1992), multicriteria methods can optimize the decision
process through the study of the value of each alternative or action taken by the decision
maker and the analysis of their robustness. In fact, all these approaches contribute to the
efficiency of the operations management processes in many different scenarios, as
companies, events as Olympic Games and so on.

www.intechopen.com



A Ranking for the Vancouver 2010
Winter Olympic Games Based on a Hyerarchcical Copeland Method 159

By improving the operational efficiency these methods help organizations to accomplish
their objectives, strategies and action plans. They also allow a better control of the resources
involved in the business. For all kind of organizations, managing operations remains a
priority and because of that, multicriteria method should be seen as an useful tool to
operations managers and operations executives since they enhance the process of decision
making.

The next section will point out some aspects of the Winter Olympic Game. The section 3
summarizes the Methodology used, i.e., the multicriteria decision support tools and in the
Section subsequent we described the model used in this study. After that, we will present
the results and a briefly analysis of them. Following we summarize our conclusions and
some future research directions.

2. The winter olympic games

In 776 AC, in Olympia, Greece, was born the Ancient Games. As an evolution of this
proposal, in 1896, it started the Modern Games, as discussed by Wallechinsky (2004). But,
until 1920, the only competition existing was the Summer Olympic Games. The Winter
version was held in Chamonix, France in 1924, and since then, these two competitions have
been happened every four year, in the same year. However, from 1994 and on, these games
have been staggered two years apart.

Some authors, as Johnson and Ali (2004), have been study the difference between these two
Olympic Games. These researchers found that the ability to participate in both Games is not
the same to all countries and even if all the countries took part in the two Games, they will
not have an equal ability to win medals [Bergiante and Soares de Mello (2010)]. This study
argues, as expected, that countries with heavy winter will have better results in the Winter
Games than in the Summer Games. Another research of Balmer, Nevill and Williams (2001)
found home advantages in some modalities in the Winter Games related to familiarity with
local conditions which could prejudice away athletes.

In the very first Winter Olympic Games, in 1924, there were a total of 258 athletes
representing 16 countries and six modalities to compete. The majority of the nation that took
part in the Games was from Europe and North America.

Nowadays, the participation in these Games has been enlarged. The last competition, held
in Vancouver, Canada in 2010, is an example of this. A total of 82 countries, including
nations from South America, as Brazil, and others as India and Hong Kong, attended to the
Games. There were a total of 2600 athletes participated in the events, which is much more
than the 258 of Chamonix, France, 1924.

In relation to the number of disciplines programmed, there was a huge improvement. In the
past, as mentioned before, there were only six sports: bobsleigh, curling, ice hockey, figure
and speed skating, skiing and the military patrol race. In the 2010 version of the Winter
Olympic Games, a total of fifteen sports were programmed. They were: alpine skiing,
biathlon, bobsleigh, cross-country, curling, figure skating, freestyle skiing, ice hockey, luge,
nordic combined, short track, skeleton, ski jumping, snowboard and speed skating.

Obviously, the increment also happens in the number of medals distributed in these Games.
Comparing to the first Game, in which 49 medal were disputed, Vancouver, 2010 Games,
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had more than five times medals to distributed, adding up a total of 258 medals (including
gold, silver and bronze). Since many competitions were composed by teams, an amount of
615 medals was awarded.

In terms of medals, Johnson and Ali (2004), in the same work presented before, will argue
that it has become easier to win any medal as the number of available medals in the
Olympic Games has increased. From this only study we could infer that win a medal in the
Winter Game is harder than in the Summer Game. However, Bergiante and Soares de Mello
(2010) discussed, based on the work of Hilvoorde, Elling and Stokvis (2010), that due to the
obtainment of the medals and all their positive impact as economy growth and a superior
international prestige, many countries have been invested more and more to achieve a better
position in the medals ranking in the Olympic Games.

So, although the number of medal has increased, the number of countries that took part in
the games has also growth. This become clear the difficulty to win a medal in the Olympic
Games and, as might as be expected, it was not different in the Winter Olympic Games.

3. Borda, Condorcet and Copeland methods

In situations where there are a lot of criteria and objectives, some conflicting to analyze a
problem, it is convenient to use a Multicriteria Decision Support. This system consists in
methods and techniques to help the decision making process [Roy and Bouyssou (1993)].

There are many multicriteria decision methods. In this work we are interested in the
ordinals methods. Some authors as Gomes et al (2009) affirm that there are three most
referenced ordinal methods namely Borda, Condorcet and Copeland methods. The authors
said that these methods are seen as intuitive and even less complex in terms of
computational efforts and information needed to solve the problems.

In these methods the data requested to the decision makers is, based on their preferences,
the ranking of alternatives with a preorder for each criterion [Barba-Romero and Pomerol
(1997)]. The Borda method was proposed by Jean-Charles de Borda in the 18th century and it
is used to aggregate binary relations among the alternatives. An ordinal scale is given to the
decision makers. They must order the alternatives based on their preferences, attributing a
certain number of points for each first, second and other places of the ranking.

If there are n alternatives to be ranked, the alternative preferred is worth 1 point, the second
place vote is worth 2 points, and so on all the way to an nth place vote, which will worth the
lesser pointing.

In the end, these points are counted and the alternatives are sorting by the crescent order of
pointing (respecting the totality axiom). The first alternative considered will be that one
with the lesser sum of points.

Despite the simplicity of the Borda Method, some authors as Gomes et al (2009) argued that
this method fails to satisfy the Arrow axiom [Arrow (1951)], i.e.,, the independence of
irrelevant alternatives. Wherefore, the final ranking would be relative to the group of
alternatives evaluated which is not a desirable situation.

In the Condorcet Method, the decision makers are required to express their preferences in a
series of pairwise comparisons. From that information, it is possible to build a graph to
express their relations [Boaventura Neto (2003)].
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Using the graph built we establish preferences relations of the alternatives. We will select a
dominant alternative, i.e., an alternative that beats every other feasible alternative in the
pairwise comparison. The decision procedure of comparing pairs of alternatives might lead
to an intransitive situation, in which Condorcet winners may not exist.

In the Condorcet paradox, as this situation is called, any alternative can be reached from any
other by a sequence of alternatives. An example, called Condorcet triplet, can be illustrated
as follows: an alternative A beats the alternative B, and B beats C. However, the alternative
C beats A leading to a cycle where a Condorcet winner cannot exist. When the intransitive
situation does not happen, the Condorcet Method should be used instead of Borda Method
[Soares de Mello, Quintella and Soares de Mello (2004)].

A preference aggregation method called Copeland method was design to overcome the
voting cycles that impedes to determine a Condorcet winner. The Copeland method uses the
adjacency matrix of the Condorcet method graph. After the pairwise comparison, we
calculate the number of simply majority wins minus losses, for each alternative. Hence, the
Copeland ranking is given by ordering the alternatives according to the results of this sum.

The Copeland method always gives an order of alternatives and in its set will contain the
Condorcet winner if there is not an intransitive cycle. Its computational effort is higher than
the Condorcet method but it is able to reduce the influence of the irrelevant alternatives
[Gomes Junior, Soares de Mello and Soares de Mello (2008)].

Due to all the arguments presented before, in this work we choose to use the Copeland
method since its taking into account important issues of the Borda and Condorcet
approaches.

The method proposed here has two important goals. The first one is to propose a ranking
that will not overvalue the gold medal as generally happens in the Lexicographic method.
The second one is to use an approach that take into account that are differences in terms of
value among all the disciplines and their medals in the Olympic Games. As an example in
the Alpine Skiing there are five possibilities to earn a gold medal but in Ice Hockey there are
only two opportunities (men's and women's tournaments).

There are others studies that try to take into consideration these aspects and some of them
use DEA methods, as Soares de Mello et al (2009) and Lins et al (2003). However we believe
that our approach truly valued the differences among all the medals disputed and
fundamentally with less effort than in the DEA methods.

In the second step, each ranking built in the earlier stage will be seen as criteria to a new
application of the Copeland Method to establish our final ranking. As one can note, this final
ranking will take into account three different models to assort the countries: the
Lexicographic method, the total number of medals and the difference between all the
modalities of the Olympic Games. As far as we know, this proposal is an advance in the
studies in this field. This can be seen as a hierarchy Copeland method.

4. Modelling

As we want to propose a new ranking to the 2010 Winter Olympic Games, in this section we
are going to fix up the elements of the problem. Some authors as Gomes et al (2009) argue
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that to organize a multicriteria problem, we should define the alternatives, the criteria and
choose an appropriate method to solve the problem.

Based on the explanation in the third section, we are going to use the Copeland Method,
applied in two phases. To the first step, the alternatives will be all the countries that took
part in the Vancouver Winter Games, gathered by the modalities disputed. A complete
example of data used in the first stage is given in Table 1. The next five tables are excerpts of
others modalities.

ALPINE SKIING

RANKING RANKING
COUNTRY GOLD SILVER BRONZE TOTAL NUMBER OF
MEDALS MEDALS MEDALS NUMBER OF GOLD
MEDALS MEDALS
United States 2 3 3 1 2
Germany 1 2 1 2 4
Canada 1 1 2 2 5
Norway 3 0 0 4 1
Austria 2 0 1 4 3
Russia 0 2 0 6 7
South Korea 0 2 0 6 7
China 0 0 2 6 9
Sweden 1 0 0 9 6
France 0 0 1 9 10
Switzerland 0 0 0 11 11
Netherlands 0 0 0 11 11
Czech Republic 0 0 0 11 11
Poland 0 0 0 11 11
Italy 0 0 0 11 11
Japan 0 0 0 11 11
Finland 0 0 0 11 11
Australia 0 0 0 11 11
Belarus 0 0 0 11 11
Slovakia 0 0 0 11 11
Croatia 0 0 0 11 11
Slovenia 0 0 0 11 11
Latvia 0 0 0 11 11
Great Britain 0 0 0 11 11
Kazakhstan 0 0 0 11 11
Estonia 0 0 0 11 11
Albania 0 0 0 11 11
Algeria 0 0 0 11 11
Andorra 0 0 0 11 11
Argentina 0 0 0 11 11
Armenia 0 0 0 11 11
Azerbaijan 0 0 0 11 11
Belgium 0 0 0 11 11
Bermuda 0 0 0 11 11
Bosnia & 0 0 0 11 11
Herzegovina
Brazil 0 0 0 11 11
Bulgaria 0 0 0 11 11
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ALPINE SKIING

RANKING RANKING
COUNTRY GOLD SILVER BRONZE TOTAL NUMBER OF
MEDALS MEDALS MEDALS NUMBER OF GOLD
MEDALS MEDALS
Cayman

Islands 0 0 0 11 11
Chile 0 0 0 11 11
Chinese Taipei 0 0 0 11 11
Colombia 0 0 0 11 11
Costa Rica 0 0 0 11 11
Cyprus 0 0 0 11 11
Denmark 0 0 0 11 11
North Korea 0 0 0 11 11
Ethiopia 0 0 0 11 11
Macedonia 0 0 0 11 11
Georgia 0 0 0 11 11
Ghana 0 0 0 11 11
Greece 0 0 0 11 11
Hong Kong 0 0 0 11 11
Hungary 0 0 0 11 11
Iceland 0 0 0 11 11
India 0 0 0 11 11
Iran 0 0 0 11 11
Ireland 0 0 0 11 11
Israel 0 0 0 11 11
Jamaica 0 0 0 11 11
Kenya 0 0 0 11 11
Kyrgyzstan 0 0 0 11 11
Lebanon 0 0 0 11 11
Liechtenstein 0 0 0 11 11
Lithuania 0 0 0 11 11
Mexico 0 0 0 11 11
Moldova 0 0 0 11 11
Monaco 0 0 0 11 11
Mongolia 0 0 0 11 11
Montenegro 0 0 0 11 11
Morocco 0 0 0 11 11
Nepal 0 0 0 11 11
New Zealand 0 0 0 11 11
Pakistan 0 0 0 11 11
Peru 0 0 0 11 11
Portugal 0 0 0 11 11
Serbia 0 0 0 11 11
Romania 0 0 0 11 11
San Marino 0 0 0 11 11
Senegal 0 0 0 11 11
South Africa 0 0 0 11 11
Spain 0 0 0 11 11
Tajikistan 0 0 0 11 11
Turkey 0 0 0 11 11
Ukraine 0 0 0 11 11
Uzbekistan 0 0 0 11 11

Table 1. Example of the ranking per modality (including all countries) - Alpine Skiing.
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BIATHLON

RANKING RANKING

COUNTRY GOLD SILVER BRONZE TOTAL NUMBER

MEDALS MEDALS MEDALS NUMBER OF OF GOLD

MEDALS MEDALS
France 1 2 3 6 1
Norway 3 2 0 5 2
Germany 2 1 2 5 2
Russia 2 1 1 4 4
Slovakia 1 1 1 3 5
Austria 0 2 0 2 6
Belarus 0 1 1 2 6
Sweden 1 0 0 1 8
Kazakhstan 0 1 0 1 8
Croatia 0 0 1 1 8

Table 2. Example of ranking per modality - Biathlon.
CROSS-COUNTRY SKIING

RANKING RANKING

COUNTRY GOLD SILVER BRONZE TOTAL NUMBER

MEDALS MEDALS  MEDALS NUMBER OF OF GOLD

MEDALS MEDALS
Norway 5 2 2 9 1
Sweden 3 2 2 7 2
Germany 1 4 0 5 3
Russia 1 1 2 4 4
Poland 1 1 1 3 5
Republic 0 0 . . 0
Finland 0 0 2 2 6
Switzerland 1 0 0 1 8
Estonia 0 1 0 1 8
Italy 0 1 0 1 8

Table 3. Example of ranking per modality - Cross-Country Skiing.
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FREE STYLE SKIING

RANKING RANKING

COUNTRY GOLD SILVER BRONZE TOTAL NUMBER

MEDALS MEDALS MEDALS NUMBER OF OF GOLD

MEDALS MEDALS
United States 1 1 2 4 1
Canada 2 1 0 3 2
China 0 1 2 3 2
Australia 1 1 0 2 4
Norway 0 1 1 2 4
Belarus 1 0 0 1 6
Switzerland 1 0 0 1 6
Austria 0 1 0 1 6
France 0 0 1 1 6

Table 4. Example of ranking per modality - Free Style Skiing.

SNOWBOARD

RANKING RANKING

COUNTRY GOLD SILVER BRONZE TOTAL NUMBER

MEDALS MEDALS MEDALS NUMBER OF OF GOLD

MEDALS MEDALS
United States 2 1 2 5 1
Canada 2 1 0 3 2
France 0 1 2 3 2
Austria 0 1 1 2 4
Australia 1 0 0 1 5
Netherlands 1 0 0 1 5
Finland 0 1 0 1 5
Russia 0 1 0 1 5
Switzerland 0 0 1 1 5

Table 5. Example of ranking per modality - Snowboard.

Using the data of the Table 1 and all the others tables, we built the adjacency matrix by the
Condorcet method. To the examples given before, as the Alpine Skiing modality, the
matrices are shown hereafter. The last columns is calculated as showed here: ( ) wins - )
losses )
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Table 6. Adjacency matrix built by the Condorcet Method - Alpine Skiing.
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Table 9. Adjacency matrix built by the Condorcet Method - Free Style Skiing.
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Table 10. Adjacency matrix built by the Condorcet Method - Snowboard.
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Now we are able to rank the countries and the results are seen in the following tables.

ALPINE TOTAL
SKIING (> wins - Y losses) RANKING
United States 8 1
Germany 6 2
Norway 5 3
Austria 3 4
Switzerland 3 4
Czech Republic -1 6
Croatia -3 7
Slovenia -4 8
Italy -4 8
Sweden -5 10
Table 11. Ranking in the first stage - Alpine Skiing.
BIATHLON T OTAL RANKING
(> wins - ) losses)
Norway 8 1
France 6 2
Germany 6 2
Russia 4 4
Slovakia 1 5
Austria -2 6
Sweden -3 7
Belarus -4 8
Kazakhstan -7 9
Croatia -9 10
Table 12. Ranking in the first stage - Biathlon.
CROSS-
COUNTRY T OTAk RANKING
SKIING (3, wins - Y losses)
Norway 10 1
Sweden 8 2
Germany 6 3
Russia 4 4
Poland 2 5
Switzerland -2 6
Czech Republic -4 7
Finland -4 7
Estonia -5 9
Italy -5 9
Slovenia -10 11

Table 13. Ranking in the first stage - Cross-Country Skiing.
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FRSEIEI?IEELE » wilrﬂl?ifgllz)sses) RANKING
United States 7 1
Canada 7 1
Australia 3 3
China 1 4
Belarus -1 5
Switzerland -1 5
Norway -2 7
Austria -6 8
France -8 9
United States 7 1
Canada 7 1

Table 14. Ranking in the first stage - Freestyle Skiing.

SNOWBOARD . o CS)T%E) ey RANKING
United States 8 1
Canada 6 2
France 2 3
Australia 1 4
Netherlands 1 4
Austria 0 6
Finland -5 7
Russia -5 7
Switzerland -8 9
United States 8 1
Canada 6 2

Tabela 15. Ranking in the first stage - Snowboard.

We have obtained a ranking as in Table 11, Table 12, Table 13, Table 14 and Tabela 15 for all
the 15 modalities in the Vancouver 2010 Olympic Games. These rankings were used as

criteria to the second step of the method used here. An example of the aggregated results is
showed in Table 16.
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Position in the ranking by modality

LZD S & o) 3 o 2 %

N EE RN R

S 2 2°87 8 FEzEvE T 250 g8 &

< = %) w5
United States 1 3 12 6 1 1 2 5 1 3 6 5 1 6
Germany 2 2 1 3 6 7 0 4 1 4 6 1 3 10 4
Canada 11 11 1 12 1 3 1 5 6 3 1 5 2 3
Norway 5 1 3 8 7 4 5 6 6 6 4 10 9
Austria 4 6 5 12 6 8 4 2 2 6 6 1 12
Switzerland 4 11 5 4 8 4 5 6 6 6 1 12
Russia 11 4 4 4 6 4 10 4 5 6 6 5 5 12
China 11 11 5 12 4 1 4 4 5 6 2 6 5 10 9
SouthKorea 11 11 5 12 6 4 0 4 5 6 1 6 5 10 1
France 11 5 12 6 8 9 4 5 3 6 6 5 3 12
Sweden 10 5 2 2 8 0 4 5 6 6 6 5 10 12
Netherlands 11 11 5 12 6 8 0 4 5 6 6 6 5 4 1
Ig;‘;ghc 6 11 5 7 6 8 0 4 5 6 6 6 5 10 5
Australia 11 11 5 12 6 8 3 4 5 6 6 6 5 4 12
Poland 11 11 5 5 6 8 0 4 5 6 6 6 2 10 9
Italy 8 11 5 6 8 10 4 4 4 5 6 5 10 12
Japan 1 11 5 12 6 4 0 4 5 6 6 6 5 10 7
Finland 1 11 5 7 6 8 0 3 5 6 6 6 5 7 12
Belarus 11 5 12 6 8 5 4 5 6 6 6 5 10 12
Slovakia 1 5 5 12 6 8 0 4 5 6 6 6 5 10 12
GreatBritain 11 11 5 12 6 8 0 4 5 6 6 1 5 10 12
Croatia 7 10 5 12 6 8 0 4 5 6 6 6 5 10 12
Latvia 11 11 5 12 6 8 0 4 3 6 6 4 5 10 12
Slovenia 8 11 5 11 6 8 0 4 5 6 6 6 5 10 12
Estonia 1 11 5 9 6 8 0 4 5 6 6 6 5 10 12
Kazakhstan 11 9 5 12 6 8 0 4 5 6 6 6 5 10 12

Table 16. Examples of the results used in the second stage

Using the results found in the Table 16 we built a new adjacency matrix of the Condorcet
Method and then we apply again the Copeland Method in order to establish a final ranking.
In the next section the results will be shown and analyzed.

5. Results

After we used the method presented before, we have built a table by doing a paired
comparison of the countries, taking into account the criteria established (in our case, each
ranking of every modality). The result is a square matrix in which each country is compared
with each other. The principal diagonal of the adjacency matrix is blank. In each other cell
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are computed the comparison between the country in the row and the candidate in the
column. A score of 1 is signaling a pairwise victory for the country in the row over the
country in the column. If happens a draw, both, row and columns of the pairwise in the
matrix will get a score of 1.

Here we showed an excerpt of the adjacency matrix of the Condocert Method.

n

g?%%‘.gmgggw%é:éﬁ c’gggﬁ.ﬁ -gméég
United 1 171111111 1 1111111111111
States
Germany 1 111111111 1 1111111111111
Canada 1 1 1711111111 1 1111111111111
Norway 00 0 11111111 1 1111111111111
Austria 00 00 17111111 1 1111111111111
Russia 00 00 1 1711111 1 1111111111111
SouthKorea 0 0 0 0 0 O 00 0 0 1 11 01 1 1 1 11 1 1111
China 00000 0 1 17111 1 1111111111111
Sweden 00000 O0 11 o001 1 1011 111111111
France 0000007101 01 1 1111 111111111
Switzerland 0 0 0 0 0 0 1 1 1 1 11 1111 111111111
Netherlands 0 0 0 0 0 0 0 0 0 0 0 117011 111111111
Czech 00 00O0UO0O0O0OO0TU 0 0 1 17111 111111111
Republic
Poland 00 000O0O0O0OT OO0 1 1 011 111111111
Ttaly 0000O0O0O101 101 1 1 171 111111111
Japan 00 000O0O0OO0OTO0OTO OO 0 10 0111111111
Finland 00 00O0UO0T1000UO0T1 1 001 1711111111
Austraia. 0 0 0 0 0 0 0 0O 0 0 1 0 0 0 1 1 171111111
Belarus 00000O0OOOTOTOTI1 0 0010 0 171 1 10 0 0
Slovakia 00 000O0O0OO0OOUOTO OO O 0O0O0TUO0 0 1 10 01 1 1
Croatia 00 000O0O0OO0OOTGOUOT1TITO0 0010 10 1 1 111 1
Slovenia 00000O0OO0OO0OTGO0OUOTI1IO0 001TT0 1110 01 1 1
Latvia 00000UO0OO0OO0OODTGOOTOTI1T 0 001T0 1111 1 01 1
Grept 0000O0O0OO0OO0OOTOOTG OO O OODOGOT O0OOT11TO0T1T1 11
Britain
Kazakhstan 0 0 0 0 0 0 0 0 0 0 0 0 O 0 0O O 0 0 01 1 01 1
Estonia 00 000O0O0OOOTOTO OO O O0O0O0TO0O0O0T1O0 1011

Table 17. Adjacency Matrix - Condocert Method.

To calculate the Copeland Ranking it is necessary to compare each cell with its diagonal
opposite. For each country in the row we do a subtraction between the sum of its pairwise
victories (number of “1" in the row) and the sum of its losses (number of \ 1" in the column).
These results are computed and a Copeland Ranking is established.

In Table 18 we show the results of the method proposed in this work and others types of
rankings.
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RANKING 1 RANKING 2 RANKING 3 -
- - PROPOSED
COUNTRY LEXICOGRAPHIC TOTAL NUMBER OF COPELAND
MEDALS METHOD
Canada 1 3 1
United States 3 1 2
Germany 2 2 2
Norway 3 4 4
Austria 9 5 5
Russia 11 6 5
China 7 8 7
Switzerland 5 11 7
France 12 8 9
Italy 15 15 9
Sweden 7 8 11
South Korea 5 7 12
Czech Republic 12 13 12
Netherlands 9 12 14
Poland 15 13 14
Finland 24 15 14
Australia 12 18 17
Japan 20 15 18
Croatia 21 18 19
Latvia 23 23 19
Slovenia 21 18 21
Belarus 15 18 22
Slovakia 15 18 23
Great Britain 15 24 23
Kazakhstan 25 25 25
Estonia 25 26 25
Albania 26 27 27
Albania 26 27 27
Algeria 26 27 27
Andorra 26 27 27
Argentina 26 27 27
Armenia 26 27 27
Azerbaijan 26 27 27
Belgium 26 27 27
Bermuda 26 27 27
Bosnia & 26 27 27
Herzegovina
Brazil 26 27 27
Bulgaria 26 27 27
Cayman Islands 26 27 27
Chile 26 27 27
Chinese Taipei 26 27 27
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Colombia 26 27 27
Costa Rica 26 27 27
Cyprus 26 27 27
Denmark 26 27 27
North Korea 26 27 27
Ethiopia 26 27 27
Macedonia 26 27 27
Georgia 26 27 27
Ghana 26 27 27
Greece 26 27 27
Hong Kong 26 27 27
Hungary 26 27 27
Iceland 26 27 27
India 26 27 27
Iran 26 27 27
Ireland 26 27 27
Israel 26 27 27
Jamaica 26 27 27
Kenya 26 27 27
Kyrgyzstan 26 27 27
Lebanon 26 27 27
Liechtenstein 26 27 27
Lithuania 26 27 27
Mexico 26 27 27
Moldova 26 27 27
Monaco 26 27 27
Mongolia 26 27 27
Montenegro 26 27 27
Morocco 26 27 27
Nepal 26 27 27
New Zealand 26 27 27
Pakistan 26 27 27
Peru 26 27 27
Portugal 26 27 27
Serbia 26 27 27
Romania 26 27 27
San Marino 26 27 27
Senegal 26 27 27
South Africa 26 27 27
Spain 26 27 27
Tajikistan 26 27 27
Turkey 26 27 27
Ukraine 26 27 27
Uzbekistan 26 27 27

Table 18. Comparison between the ranking proposed and the others rankings.
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Other analysis, in terms of the variation among the types of rankings, is showed. In the
follow table we calculated the variation between the ranking proposed and the Lexigraphic

Ranking.

COUNTRY

Canada
United States
Germany
Norway
Austria
Russia
China
Switzerland
France

Italy
Sweden
South Korea
Czech Republic
Netherlands
Poland
Finland
Australia
Japan
Croatia
Latvia
Slovenia
Belarus
Slovakia
Great Britain
Kazakhstan
Estonia
Albania
Albania
Algeria
Andorra
Argentina
Armenia
Azerbaijan
Belgium
Bermuda

Bosnia & Herzegovina

Brazil

Bulgaria
Cayman Islands
Chile

Chinese Taipei
Colombia

Costa Rica
Cyprus
Denmark

QUADRATIC
VARIATION VARIATION
(X - Xixe1) (Xik - Xi1)?

0 0
-1 1
0 0
1 1
-4 16
-6 36
0 0
2 4
-3 9
-6 36
4 16
7 49
0 0
5 25
-1 1

-10 100
5 25
2 4
2 4
-4 16
0

49

64

64

R R R R R R R R AR RRARFERFR‘BR R[S0 e O

R R R R R R R R AR R RRARARRRAR[ARROOO
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North Korea
Ethiopia
Macedonia
Georgia
Ghana
Greece
Hong Kong
Hungary
Iceland
India

Iran

Ireland
Israel
Jamaica
Kenya
Kyrgyzstan
Lebanon
Liechtenstein
Lithuania
Mexico
Moldova
Monaco
Mongolia
Montenegro
Morocco
Nepal

New Zealand
Pakistan
Peru
Portugal
Serbia
Romania
San Marino
Senegal
South Africa
Spain
Tajikistan
Turkey
Ukraine
Uzbekistan

U GV U VA U U G W
R R R R R R R R R R R R R PR R R PR R R R R R R R R R R R R Rl R,

Tabela 19. Variation between the Proposed Ranking and the Lexicografic Ranking.

To organize the results we can separate them into four categories. The first one includes
countries that have almost the same results in the ranking 1 and 2 but in ranking 3 they lost
some positions. As examples are Sweden and South Korea. These results show that the
medals won by these countries are balanced and they have invested in sports that distribute
a large number of medals.

The second cluster is composed by countries that have the same (or almost the same) results
in the ranking 1 and 2 and they win some positions in ranking 3. In this class we have
countries as Italy and Latvia. In this situation are countries that have won a balanced
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number of gold, silver and bronze medals and also have invested in modalities that offer a
small number of medals.

The third set of countries includes those with the same position in ranking 2 and 3 but in
lower position in the ranking 1 as Austria and France. Some of them have the higher
quadratic variation as Finland. These results indicate that probably the investments politics
in sports of these countries are based in team-based sports which are not a good option to
win medals. Another analysis is that they have won more silver and bronze medals than
gold medals.

The fourth category is given by countries that have the same position (or a difference of one
or two positions) in all the three rankings and the lowest quadratic variation, as Canada,
United States, Germany, Norway, China, Czech Republic and Poland. These countries
invested equally in a search for all types of medals in the modalities that distribute a good
number of medals.

We can also take into account a case of countries as Switzerland. They have won a number
of gold medals large than the others types of medals, but they invested in sports that
allocate a small number of medals.

6. Conclusion

In this work we have proposed a study of the results of Vancouver 2010 Olympic Games.
We have obtained some interesting results such as countries that have an unbalanced
number of medals and take part in modalities that distribute a small number of medals.

Another interesting aspect found in this study is the Finland results. In the evaluation, we
found that it probably invest in sports based in teams in which the number of medals are
smaller than in other modalities and also it had won more silver and bronze medals than
gold medals. This result corroborates the findings in Bergiante and Soares de Mello (2010)
and helps us to understand some peculiar political sports decisions took by a couple of
countries.

As a future work suggestion, an interesting proposal is to cluster countries by modalities in
order to build others Olympic Rankings [Soares de Mello et al (2009)]. Another option is to
explore the economic aspect of these conclusions and develop a model of investment politics
in sports for each country.

7. Acknowledgments

We acknowledge the financial support of FAPER].

8. References

Allen, T.L., Jolley, S.J., Cooley, V.J., et al. (2006). The epidemiology of illness and injury at
the alpine venues during the Salt Lake City 2002 Winter Olympic Games. Journal of
Emergency Medicine, 30, 197-202 .

Arrow, K.J. (1951). Social choice and individual values. John Wiley & Sons, New York.

Ball, D. W. (1972). Olympic Games Competition: Structural Correlates of National Success.
International Journal of Comparative Sociology 12,186-200.

www.intechopen.com



180 Advanced Topics in Applied Operations Management

Balmer, N. J., Nevill, A. M., Williams, M. (2001). Home advantage in the Winter Olympics
(1908-1998). Journal of Sports Sciences, 19, 129-139.

Balmer, N.J., Nevill, A.M., Williams, A.M. (2003). Modeling home advantage in the Summer
Olympic Games. Journal of Sports Sciences 21(6), 469-478.

Barba-Romero, S., Pomerol, J.C. (1997). Decisiones multicriterio: fundamentos teoricos e
utilizacion pratica. Madrid: Coleccion de Economia, Universidad de Alcala.
Bergiante, N., Soares de Mello, J.C.B. (2010). A DEA study of Vancouver 2010 Winter

Olympic Games. Anais do XLII SBPO, Bento Gongalves.

Bernard, A.B., Busse, M.R. (2004). Who wins the Olympic games: economic resources and
medal totals. Rev. Econ. Stat., 86, 413-417.

Bernstein, E. (2000).Things You Can See from There You Can’t See from Here: Globalization,
Media, and the Olympics. Journal of Sport and Social Issues 24, 351-69.

Blain N., Boyle R., and O'Donnell H. (1993). Sport and National Identity in the European
Media. .Leicester University, Leicester.

Boaventura Neto, P.O. (2003) Grafos: teoria, modelos, algoritmos. Edgard Bliicher, Sao
Paulo.

Cheng, X. (2009). The urban system impact on post-games development of the Olympics'
venues in china. Paper read at 2009 International Association of Computer Science
and Information Technology - Spring Conference, IACSIT-SC.

Churilov, L., Flitman, A. (2006). Towards fair ranking of Olympics achievements: The case
of Sydney 2000. Computers and Operations Research. 33 (7), 2057-2082.

Farrell, T. (1989). Media Rhetoric as Social Drama: The Winter Olympics of 1984. Critical
Studies in Mass Communication 6, 158-82.

Glynn, M. (2008). Configuring the field of play: how hosting the Olympic Games impacts
civic community. Journal of Management Studies, 45 (6), 1117-1146.

Gomes, E.G., Soares de Mello, ].C.C.B.; Souza, G.S., Angulo Meza, L., Mangabeira, J.A.C.
(2009). Efficiency and sustainability assessment for a group of farmers in the
Brazilian Amazon. Annals of Operations Research, 169 (1), p 167-181.

Gomes Junior, S.F., Soares de Mello, ].C.C.B., Soares de Mello, M.H.C. (2008). Utilizacao do
método de Copeland para avaliacio dos pdlos regionais do CEDER]. Rio's
International Journal on Sciences of Industrial and Systems Engineering and
Management, 2 (1), p. 87-98.

Hadjichristodoulou, C., Mouchtouri, V., Vaitsi V., et al. (2006). Management of
environmental health issues for the 2004 Athens Olympic Games: is enhanced
integrated environmental health surveillance needed in every day routine
operational. BMC Public Health, 6, 306.

Heazlewood, T. (2006). Prediction versus reality: The use of mathematical models to predict
elite performance in swimming and athletics at the Olympic Games. Journal of
sports science and Medicine,5,541-547.

Hilvoorde I., Elling A., Stokvis, R. (2010). How to influence national pride? The Olympic
medal index as a unifying narrative. International Review for the Sociology of
Sport; 45, 87.

Johnson, D.K.N., Ali, A. (2004).A Tale of Two Seasons: Participation and Medal Counts at
the Summer and Winter Olympic Games. Social Science Quarterly , 85 (4).

www.intechopen.com



A Ranking for the Vancouver 2010
Winter Olympic Games Based on a Hyerarchcical Copeland Method 181

Levine, N. (1974). Why Do Countries Win Olympic Medals? Some Structural Correlates of
Olympic Games Success: 1972. Sociology and Social Research, 58, 353-60.

Li, Y., Liang, L., Chen, Y., Morita, H. (2008). Models for measuring and benchmarking
Olympics achievements. Omega International Journal of Management Science. 36
(6), 933-940.

Lins, M.P.E., Gomes, E.G., Soares de Mello, ].C.C.B., Soares de Mello, A.J.R. (2003). Olympic
ranking based on a zero sum gains DEA model. European Journal of Operational
Research. 148 (2), 312-322.

Lozano, S., Villa, G., Guerrero, F., Cortfies, P. (2002). Measuring the performance of nations
at the Summer Olympics using data envelopment analysis. Journal of the
Operational Research Society. 53(5),50-511.

Roy, B. and Bouyssou, D.: Aide multicritere la decision: methods et cas. Economica, Paris
(1993).

Roy, B. (1992).Decision science or decision aid science? European Journal of Operational
Research 66, (2), p.184-203.

Soares de Mello, ].C.C.B., Angulo-Meza, L., Branco da Silva, B. P. (2009). A ranking for the
Olympic Games with unitary input DEA models. IMA Journal Management
Mathematics. 20, 201-211.

Soares de Mello, J.C.C.B.,, Angulo-Meza, L , Lacerda, F.G., Biondi Neto, L. (2009).
Performance team evaluation in 2008 Beijing Olympic Games. In: XV International
Conference on Industrial Engineering and Operations Management - ICIEOM.

Soares de Mello, J.C.C.B.,, Gomes, E.G., Angulo-Meza, L., Biondi Neto, L. (2008).Cross
Evaluation using Weight Restrictions in Unitary Input DEA Models: Theoretical
Aspects and Application to Olympic Games Ranking. WSEAS Transactions on
Systems. 7 (1), 31-39.

Soares de Mello, M.H.C., Quintella, H.L.M.M., Soares de Mello, ].C.C.B. (2004). Avaliagao do
desempenho de alunos considerando classificacdes obtidas e opinides dos docentes.
Investigacao Operacional, 24 ( 2),.187-196.

Streets, J.S et al. (2007). Air quality during the 2008 Beijing Olympic Games. Atmospheric
Environment, 41, 480-492.

Wallechinsky, D. (2004). The Complete Book of the Summer Olympics. Aurum Press, New
York.

Weiler,].M. Layton, T., Hunt, M. (1998) Asthma in United States Olympic athletes who
participated in the 1996 Summer Games. J. Allergy Clin Immunol, 102 (5), 722-72.

Wu, J., Liang, L., Wu, D., Yang, F. (2008). Olympics ranking and benchmarking based on
cross efficiency evaluation method and cluster analysis: The case of sydney 2000.
International Journal of Enterprise Network Management, 2 (4), 377-392.

Wu, J., Liang, L., Chen, Y. (2009). Dea game cross-efficiency approach to Olympic rankings.
Omega, 37 (4), 909-91.

Wu, J., Liang, L., Yang, F. (2009). Achievement and benchmarking of countries at the
summer olympics using cross eficiency evaluation method. European Journal of
Operational Research, 197 (2), 722-730.

Xiaoduo, C., Jianxin, Y. (2008). The factors of the urban system influenced postdevelopment
of the Olympics' venues. Paper read at 2008 International Conference on Wireless
Communications, Networking and Mobile Computing, WiCOM.

www.intechopen.com



182 Advanced Topics in Applied Operations Management

Yang, F., Ling, L., Gou, Q. Wu, H. (2009). Olympics performance evaluation and
competition strategy based on data envelopment analysis. Paper read at
Proceedings - 2009 International Conference on Computational Intelligence and
Software Engineering, CiSE.

Zhang, D., Li, X.,, Meng, W., Liu, W. (2009). Measuring the performance of nations at the
Olympic Games using DEA models with different preferences. Journal of the
Operational Research Society, 60 (7), 983-990.

www.intechopen.com



Advanced Topics in Applied Operations Management

ADVANCED TOPICS IN

APPLIED OPERATIONS Edited by Mr. Yair Holtzman
MANAGEMENT

Echved by Yair Holaman

ISBN 978-953-51-0345-5

Hard cover, 200 pages

Publisher InTech

Published online 16, March, 2012
Published in print edition March, 2012

The chapters in Advanced Topics in Applied Operations Management creatively demonstrate a valuable
connection among operations strategy, operations management, operations research, and various
departments, systems, and practices throughout an organization. The authors show how mathematical tools
and process improvements can be applied effectively in unique measures to other functions. The book
provides examples that illustrate the challenges confronting firms competing in today's demanding
environment bridging the gap between theory and practice by analyzing real situations.

How to reference
In order to correctly reference this scholarly work, feel free to copy and paste the following:

Jodo Carlos Correia Baptista Soares de Mello and Nissia Carvalho Rosa Bergiante (2012). A Ranking for the
Vancouver 2010 Winter Olympic Games Based on a Hyerarchcical Copeland Method, Advanced Topics in
Applied Operations Management, Mr. Yair Holtzman (Ed.), ISBN: 978-953-51-0345-5, InTech, Available from:
http://www.intechopen.com/books/advanced-topics-in-applied-operations-management/a-ranking-for-the-
vancouver-2010-winter-olympic-games-based-on-a-hyerarchcical-copeland-method

INTECH

open science | open minds

InTech Europe InTech China

University Campus STeP Ri Unit 405, Office Block, Hotel Equatorial Shanghai

Slavka Krautzeka 83/A No.65, Yan An Road (West), Shanghai, 200040, China

51000 Rijeka, Croatia FE BHIERFARK6SS HiBEFR R ARIRE I AE40582TT
Phone: +385 (51) 770 447 Phone: +86-21-62489820

Fax: +385 (51) 686 166 Fax: +86-21-62489821

www.intechopen.com



© 2012 The Author(s). Licensee IntechOpen. This is an open access article
distributed under the terms of the Creative Commons Atiribution 3.0
License, which permits unrestricted use, distribution, and reproduction in
any medium, provided the original work is properly cited.




