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Data Mining in the 120 Years of Olympics History
(Athletes and Results)
[bookmark: _Toc61657969][bookmark: _Toc71557581]Introduction
Data mining and visualization are the hotter direction today. In the process of data mining and visualization, we can get the results we expect and hope, or the results we get are inconsistent with our expected ideas. In general, data mining and visualization allow us to use the power of data to understand some phenomena. In this report, I will perform corresponding data mining and visualization operations on the data set I selected. We can explore interesting patterns in this data set. The entire data mining and visualization process can be roughly divided into preprocessing, visualization, data analysis and other processes.
[bookmark: _Toc61657970][bookmark: _Toc71557582]The Dataset
[bookmark: _Toc71557583]Data source
This data set comes from the Kaggle website, which was collected and produced by a Kaggle user-rgriffin three years ago. When I found the data set for this lecture, I was willing to choose a data set related to basketball. At last I do not find this type data set, so I finally found a data set which is related to Olympic Games. Even though this data set is not totally related to the basketball, this data set is related to sports. It will be a better choice than other data set. I believe that is more suitable for me to do this assignment. The full name of this data set is the 120 Years of Olympics History (Athletes and Results).
[bookmark: _Toc71557584]Dataset context
The following is an explanation of this data set by the creator of this data set-rgriffin: 
This is a historical dataset on the modern Olympic Games, including all the Games from Athens 1896 to Rio 2016. I scraped this data from www.sports-reference.com in May 2018. The R code I used to scrape and wrangle the data is on GitHub. I recommend checking my kernel before starting your own analysis [1].
Note that the Winter and Summer Games were held in the same year up until 1992. After that, they staggered them such that Winter Games occur on a four years cycle starting with 1994, then Summer in 1996, then Winter in 1998, and so on. A common mistake people make when analyzing this data is to assume that the Summer and Winter Games have always been staggered [1].
[bookmark: _Toc71557585]Dataset Description
There are two main files in this project on Kaggle, which are athlete_event.csv and noc_regions.csv. Among them, the athlete_event.csv file is about the information about the athletes of the previous Olympic Games, and the noc_regions.csv. is the abbreviated explanation of the NOC column in the previous file. In the following data mining and analysis, the main purpose is to mine and analyze the data in the athlete_event.csv file. The file athlete_events.csv contains 271116 rows and 15 columns. Each row corresponds to an individual athlete competing in an individual Olympic event (athlete-events) [1]. This means that each athlete has 15 attributes in total, which are ID, Name, Sex, Age, Height, Weight, Team, NOC, Games, Year, Season, City, Sport, Event, Medal.
[bookmark: _Toc71557586]Data Attributes
The explanation of these attributes is as follows.
ID
ID is the unique number for each athlete. The data type of ID in the initial file is Numeric.
Name
Name is the athlete’s name. The data type of Name in the initial file is Nominal.
Sex
Sex is the athlete’s sex. The value of Sex is M or F.M means male. F means female. The data type of Sex in the initial file is Nominal.
Age 
Age is the athlete’s age, and the age is integer. The data type of Age in the initial file is String because there are some NA value.
Height
Height is the athlete’s height, and the units of Height is centimeters. The data type of Height in the initial file is String because there are some NAs value.
Weight
Weight is the athlete’s weight, and the units of Weight is kilograms. The data type of Weight in the initial file is String because there are some NAs value.
Team
Team is the athlete’s team name. The data type of Team name in the initial file is Nominal.
NOC
NOC is National Olympic Committee 3-letter code. This is the shorthand of team name. The data type of NOC in the initial file is Nominal.
Games
Games is the year and season of the Olympic Games. This column includes the information of Year column and Season column. The data type of Games in the initial file is Nominal.
Year
Year is the year of the Olympic Games. The data type of Games in the initial file is Numeric.
Season
Season is the type of the Olympic Games, which include Winter Olympic Games and Summer Olympic Games. The data type of Season in the initial file is Nominal.
City
City is the host city of the Olympic Games. The data type of City in the initial file is Nominal.
Sport
Sport is the broad category of events that the athlete participates in. The data type of Sports in the initial file is Nominal.
Event
Event is the specific event that the athlete participates in. he data type of Event in the initial file is Nominal.
Medal
Medal is the award status of this athlete. he data type of Medal in the initial file is Nominal.
[bookmark: _Toc71557587]Initial ARFF header
Convert the initial csv file into an ARFF file, and the ARFF header is as follows.
	@relation athlete_events

@attribute ID numeric
@attribute Name {}
@attribute Sex {M, F}
@attribute Age string
@attribute Height string
@attribute Weight string
@attribute Team {}
@attribute NOC {}
@attribute Games {}
@attribute Year numeric
@attribute Season {Summer, Winter}
@attribute City {}
@attribute Sport {}
@attribute Event {}
@attribute Medal {NA, Gold, Bronze, Silver}


@Data



Among them, there are too many items behind the Name, Team, NOC, Games, Season, City, Sport and Event, so I do not list those fully here. According to details of the data set, we can find some problems. The three attributes which are Age, Height and Weight should be numeric, but the ARFF header of these attributes is String. These problems found here will be solved one by one in the subsequent data preprocessing process.
[bookmark: _Toc71557588]Initial Data Processing 
The entire data set was screened and observed in excel, and four columns of Age, Height, Weight and Medal were found to contain missing values-NA, as shown in Figure 1.
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Figure 1 Data Processing Step 1

Through the understanding of the data set, the missing value NA of the Medal column represents no award in the competition, and we can replace the NA in this column with No Medal in the subsequent data processing. The NA values of other columns represent that the information of this item had missed. I think that we can delete those items. After filtering out all the NA values of these three columns, there are still 206,165 records left. Although nearly 70,000 records are filtered out, the data set itself is still very large. So I believe the effect of such processing will not be big.
Next, I use the R language to do the data processing First replace the NA value with “No Medal” in the Medal column, then delete the NA value in Age, Height and Weight. The code of R language data processing is as follows:

	
# load the file-athlete_events.csv into athleteData

athleteData<-read.csv("C:/Users/Allen/Desktop/athlete_events.csv")

# If  the value of Medal column is NA,then give it the value-0 

athleteData$Medal[is.na(athleteData$Medal)]<-0

# If  the value of Medal column is 0,then give it the value -No Medal.
for(i in seq(athleteData$Medal))
{
  if(athleteData$Medal[[i]]==0)
  {
    athleteData$Medal[[i]]="No Medal"
  }
}

# Delete the rows which inClude the value-NA.

athleteData<-na.omit(athleteData)




The data after this stage of processing is displayed in RStudio as shown in Figure 2. There are no missing values in the Age, Height and Weight columns. The missing values in the Medal column are all replaced with “No Medal”.
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Figure 2. Data Processing Step 2
The Medal column in the data set contains "No Medal", Gold, Silver and Bronze. Among the four possible awards, Gold, Silver and Bronze represent the award, and the other represents no award.In this situation, I am going to add a column Medal_or_not after Medal. Its value are 0 or 1. Define its data type as Catalogic, 0 means no award, 1 means award. In this step, add the Medal_or_not column. The code of R language data processing is as follows:

	# Create a new column-Medal_or_not,and add it to athleteData

Medal_or_not<-athleteData$Medal
athleteData<-cbind(athleteData,Medal_or_not)

# Loop 206165 times to give a new value of Medal_or_not column

for(i in seq(athleteData$Medal))
{
  if(athleteData$Medal[[i]]=="Gold"||athleteData$Medal[[i]]=="Silver"||athleteData$Medal[[i]]=="Bronze")
  {
    athleteData$Medal_or_not[[i]]=1
  }
  else if(athleteData$Medal[[i]]=="No Medal")
  {
    athleteData$Medal_or_not[[i]]=0
  }
}



The information in the Medal_or_not column is shown in Figure 3.
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Figure 3. Data Processing Step 3

Through the observation of existing data sets, there are several repetitive information in the attributes of the data set, or less important information. For the entire data set, the athlete’s ID and the athlete’s Name are actually duplicate information. Games also contain the information of Year and Season. Team information and NOC information are also duplicated, so in this step of data processing, we will delete three columns, which are Name, Team and Games. The code of R language data processing is as follows:

	# Delete the Name column

athleteData<-athleteData[,-2]

# Delete the Team column

athleteData<-athleteData[,-6]

# Delete the Games column

athleteData<-athleteData[,-7]



After three column deletions, the specific information of the obtained data set is shown in Figure 4.
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Figure 4. Data Processing Step 4
After the above data preprocessing, the information of the data set is relatively clear. Next, the data set processed by the R language data is imported into the file athlete_events_1.csv for storage for the next step of data visualization and data analysis.
Next, import the athlete_events_1.csv file into Weka. At this time, it is found that in the previous ARFF file, the data type of ID is Numeric ,the data type of the column Medal_or_not added later is Numeric, and the data type of Year is also Numeric, but through the understanding of the data set, the data type of ID and  Medal_or_not should be Nominal and the data type of Year should be Date. For this reason, I need to change the data types of the three columns. For these three columns, I used different ways of converting the data types. For the Medal_or_not column, I opened athlete_events_1.csv with notepad++, and then "@attribute Medal_or_not Numeric" is changed to "@attribute Medal_or_not {0,1}". This method can be used when there are relatively few corresponding items. If there are too many corresponding items, this method is more troublesome, so It is troublesome to use the above method relative to the ID column. For the ID column, use the Filter-NumericToNominal in Weka to convert the data types corresponding to the two columns. The corresponding settings are shown in Figure 5. For the Year column, use the Filter-NumericToDate in Weka to convert the data types corresponding to the two columns. The corresponding settings are shown in Figure 6.
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Figure 5. Data Processing Step 5
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Figure 6. Data Processing Step 6

After the data processing in this step is completed, the preprocessing part of the data set has ended. The ARFF header of the processed data set is as follows.

	@relation athlete_events_1


@attribute ID {1,2,5,6,7,9,11,12,13,14,16,17,18,20,22,23,26,28,30,31,33 etc.}
@attribute Sex {M, F}
@attribute Age numeric
@attribute Height numeric
@attribute Weight numeric
@attribute NOC {CHN, NED, USA, FIN, NOR, ROU, EST, FRA, ESP etc.}
@attribute Year date 'yyyy-MM-dd\'T\'HH:mm:ss'
@attribute Season {Summer, Winter}
@attribute City {Barcelona, London, Calgary, Albertville, Lillehammer etc.}
@attribute Sport {Basketball, Judo, 'Speed Skating', 'Cross Country Skiing', 'Ice Hockey', etc.}
@attribute Event {'Basketball Men s Basketball', 'Judo Men s Extra-Lightweight', 'Speed Skating Women s 500 metres' etc.}
@attribute Medal {'No Medal', Bronze, Gold, Silver}
@attribute Medal_or_not {0,1}

@data



A table is made for the attributes of the processed data set, so that the understanding of each attribute will be clearer. The table is shown below.

	Attribute Name
	Data Type
	Description

	ID
	Nominal
	The unique number for each athlete.

	Sex
	Nominal
	The sex of the athlete.

	Age
	Numeric
	The age of the athlete.

	Height
	Numeric
	The height of the athlete.

	Weight
	Numeric
	The weight of the athlete.

	NOC
	Nominal
	National Olympic Committee 3-letter code of the athlete’ nationality

	Year
	Date
	The year when the Olympic Games are held

	Season
	Nominal
	The Season of the Olympic Games are held

	City
	Nominal
	The city where the Olympic Games are held

	Sport
	Nominal
	The categories of athletes participating in events

	Event
	Nominal
	Specific events that athletes participate in

	Medal
	Nominal
	Awards (“No Medal”, Gold, Silver, Bronze)

	Medal_or_not
	Nominal
	Awards (0, 1)



[bookmark: _Toc71557589]Initial Data Visualization
Import the preprocessed ARFF file into Weka, and visualize it, then obtain the visualized statistical data of each attribute as shown in Figure 7. Observe the visualization statistics of other attributes worth exploring.

[image: ]
Figure 7. Whole Initial Visualization

	From the entire visualization chart, we can find three of them, which display one sentence-too many values to display. For this reason, we won't discuss these three attributes here for now. The three attributes are ID, NOC and Event. Next, look for any interesting patterns in the other attributes.
	The Sex’s Initial Visualization is shown in Figure 8. We can realize that the overall number of male athletes is larger than that of female athletes in the Olympic Games. The approximate ratio is almost 2 to 1.
[image: ]
Figure 8 The Sex’s Initial Visualization
The Age’s Initial Visualization is shown in Figure 9. We can see that the age of athletes is mainly distributed in the 20-30 interval, and the situation of awards in this interval is better than that of other age groups in the Olympic Games. The distribution about age is much like a normal distribution.

[image: ]
Figure 9. The Age’s Initial Visualization

The Height’s Initial Visualization is shown in Figure 10. The Weight’s Initial Visualization is shown in Figure 11. The distribution of Height and Weight of athletes is also similar to the normal distribution. I think there are too many so-called outliers because some sports require high height and heavy weight.
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Figure 10 The Height’s Initial Visualization
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Figure 11 The Weight’s Initial Visualization

The NOC’s Initial Visualization is shown in Figure 12. It can be seen from this chart that the United States has always had the largest number of participants since the Olympic Games held, followed by China, France, etc.

[image: ]
Figure 12. NOC’s Initial Visualization

The Year’s Initial Visualization is shown in Figure 13. We can see from this chart that there are two time gaps in the development of the Olympic Games. I marked them with a red circle. I guess that the two time gaps are due to the First World War and the Second World War.
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Figure 13. The Year’s Initial Visualization

The Season’s Initial Visualization is shown in Figure 14. It can be seen from this chart that participation in the Summer Olympics is relatively high.
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Figure 14. The Season’s Initial Visualization

The City’s Initial Visualization is shown in Figure 15. Based on Figure 13, Olympics Games which had the fewest participants in Figure 14 should be relatively old Olympics, while those with a moderate number of participants should be the Winter Olympics, and those with a larger number of people should be the Summer Olympics.
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Figure 15. The City’s Initial Visualization

The Sport’s Initial Visualization is shown in Figure 16. It can be seen from the figure that the sports with most participants is athletic. I believe that this type of exercise is the most test of innate physical talent.
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Figure 16. The Sport’s Initial Visualization

The Medal’s Initial Visualization is shown in Figure 17. The Medal_or_not’s Initial Visualization is shown in Figure 18. In Figure 17, the numbers of the gold, silver and bronze medals should be the same, but the NA value was deleted due to the preliminary data preprocessing, so the number of the three types of medals is inconsistent, but the impact on the subsequent analysis of whether or not they are awarded is small.

[image: ]
Figure 17. The Medal’s Initial Visualization

[image: ]
Figure 18. The Medal_or_not’s Initial Visualization
[bookmark: _Toc71557590]Data Analysis
	In the presentation stage of the previous data set, I asked four questions for this data set. Here I use data mining methods to discuss three of them. The three questions are:
· Question 1: Can the analysis of this dataset get a pattern with relatively high accuracy to predict the award of the medal?
· Question 2: Does the award of the medals have certain relationship with the nationality of the athletes?
· Question 3: Does better physical condition mean higher athletic performance (reflected by whether or not you get a medal)?

[bookmark: _Toc71557591]Question 1
The first question is whether the analysis of this dataset get a pattern with relatively high accuracy to predict the award of the medal.
We are predicting whether we can get a medal in this step, so in the process of analysis, Gold, Silver and Bronze means that the athlete wins the medal. In this situation, the Medal_or_not column is used as the label for classification. Before the analysis, we remove the Medal column in Weka, 
In this data mining process, we use the J48 classification algorithm. The original data set is divided into training data set and test data set for training and testing. Among them, the distribution ratio of the data set is 50%, 66% and 75%, respectively. The Weka training interface and training results are shown in Figures 19, 20, 21.

[image: ]
Figures 19. 50% Percentage split-J48

[image: ]
Figures 20. 66% Percentage split-J48

[image: ]
Figures 21. 75% Percentage split-J48

According to the above training results, a table can be organized to view the training results more intuitively. As shown in the table below.

	Algorithm
	Time
	Correct Classification
	Incorrect Classification
	Percentage Split

	J48
	41.4s
	85.3612%
	14.6388%
	50%

	J48
	40.54s
	85.293%
	14.707%
	66%

	J48
	40.93s
	85.3515%
	14.6485%
	75%



[bookmark: _GoBack]The trained model basically has 85% accuracy rate for predicting whether to win or not. Among the three models generated by these three different classification parameters, the accuracy rate which is 85.3612% is the highest when Percentage Split is 50%. Through the understanding of the entire data set, the ID column represents different athletes. In the real world, athletes’ sports life is limited, and the purpose of the models is to predict whether they can get medals in the future, the Year the Olympic Games had been held is also meaningless anymore, so in the following analysis, the two columns of ID and Year are deleted, and other attributes of athletes are used for modeling, and we will discuss the internal patterns,
The data mining process in this step is similar to the above process. After analysis and modeling, the following table is obtained.

	Algorithm
	Time
	Correct Classification
	Incorrect Classification
	Percentage Split

	J48
	15.87s
	88.0726%
	11.9274%
	50%

	J48
	13.05s
	88.5514%
	11.4486%
	66%

	J48
	13.84s
	88.7585%
	11.2415%
	75%



	Through Weka's data mining and modeling and compared the three models. When Percentage Split is 75%, the accuracy of the model is the highest, with an accuracy rate of 88.7585%.
For the problem set at the beginning, we got a model with a relatively high accuracy rate to predict whether the athletes in the Olympic Games can get a medal.
[bookmark: _Toc71557592]Question 2
The second question is whether there is a certain relationship between the award of the medals and the nationality of the athletes. This question means that we should create a model which do not use the athlete’s body information to predict the award information.
First, we remove the ID, Height, Age and Weight columns in the data set in Weka, and then used the J48 Algorithm in Weka to build model. The specific model building process and parameters are shown in Figure 22.
[image: ]
Figure 22. Cross-validation with NOC and Medal_or_not

We can see from the results of this model building that this model uses a cross-validation method to test the model. The accuracy of this model is 90.1215%, which means that if the nationality information of an athlete is known, and then the information can be used to predict whether the athlete can get medals in a specific event of a specific Olympic Games.
Next, use the controlled variable method to determine whether the NOC really has a certain impact on whether the award is won.
Before the model is built, the Medal column is removed first, and then the J48 algorithm is used to model the cross-validation method of the entire data set. The folds of cross-validation are 20. The specific parameters and results of the modeling are shown in Figure 23.
[image: ]
Figure 23 Cross-validation with NOC
Do a control experiment, remove the NOC column in the data set, and then perform modeling and analysis on the data set in the same way as above. The specific parameters and results of the modeling are shown in Figure 24.
[image: ]
Figure 24 Cross-validation without NOC
Make a table of the results of the two modeling so that the comparison can be clearer. The table is as follows

	Dataset situation
	Classifier
	Correct Classification
	Cross-validation Folds

	NOC
	J48
	85.3608%
	20

	No NOC
	J48
	85.3608%
	20



From the experimental results, we can see from the comparison that NOC has no effect on whether the athlete get medals, and the classification accuracy of the model construction is same.
[bookmark: _Toc71557593]Question 3
	The third question is whether better physical condition means higher athletic performance (reflected by whether or not the athlete get a medal). Because there are different standard of better physical condition in different sports, we will analyze different Height and Weight’s influence in Medals.
In this part, we create three sets of comparative experiments, one set have Height and Weight column both. The other set just have Height columns. The third set have Weight only. Modeling these three data sets, using that Percentage Split is 75% here, the parameters and training results of the model obtained are shown in Figures 25, 26 and 27.
[image: ]
Figure 25 Height and Weight Weka result
[image: ]
Figure 26 Height and No Weight Weka result
[image: ]
Figure 27 No Height and Weight Weka result
Make a table of the results of the two modeling so that the comparison can be clearer. The table is as follows.

	Dataset situation
	Classifier
	Correct Classification
	Percentage Split

	Height and Weight
	J48
	85.3515%
	75%

	Height and No Weight
	J48
	85.3515%
	75%

	No Height and Weight
	J48
	85.3515%
	75%



Through this control experimental group, the conclusion is that Height and Weight have no effect on whether the athletes can win medals.
[bookmark: _Toc71557594]Reflection
After completing the data mining and visualization operations on this data set, I am deeply impressed in one point which is the understanding of the data. As the teacher said in the class, you must choose a data set that you are interested in or related to your own field, so that you will have passion and ability in the subsequent steps of data analysis to understand the entire data set. Since I like to play basketball, I chose sports-related data sets. In the process of data analysis, my enthusiasm for understanding and exploring data sets drives my entire data analysis process.
Regarding the three questions I raised during the analysis, the answers obtained through experiments, but the analysis results of the latter two questions are inconsistent with my expectations. In sports, the nationality of the athlete has a potential impact on the performance of the athlete. For example, in the United States, the athlete’s training conditions, training plan and training environment are better than other general countries, and his understanding of the human body and the understanding of sports performance is also better than that of other countries, so in the process of training athletes, they can explore greater athletic potential. Athlete's height, weight and age will also have a certain impact on sports performance, but in the results of the analysis, there is no impact. And different sports, athletes' golden age, golden height etc. are different, so the influencing factors for different sports heights, weights etc. are also different.
In the process of this data analysis, I think the most interesting point is that when I visualized the year of the Olympic Games, I found through the histogram that there was a time gap in the development of the Olympic Games, and this gap was due to the first and second World War. This made me understand that a variety of different information can be extracted from the data. Just like this data set, I think of war information in a sports-related data set, which is extremely interesting.
In general, for the analysis of this data set, I think it is both meaningful and meaningless. The meaningful point is that we can predict some unknowable things through some data-based items, which is fascinating. But this is also a point that I think is meaningless. The charm of competitive sports is that the result of sport is unpredictable. No one can say that they are 100% sure about winning, but no one says that you will definitely fail. There are endless possibilities in competitive sports. In the 2004 Athens Olympics, the Argentine men's basketball team defeated the United States and finally won the championship. In the 2016 Rio Olympics, the Chinese women's volleyball team won the championship after a lapse of 12 years. These are all exciting times. This is the charm of competitive sports.
[bookmark: _Toc61657992][bookmark: _Toc71557595]Reference
[1] https://www.kaggle.com/heesoo37/120-years-of-olympic-history-athletes-and-results?select=athlete_events.csv , “120 years of Olympic history: athletes and results”(Accessed by :4th May 2021) 
[bookmark: _Toc71557596]Appendix
Complete R Code
	
# load the file-athlete_events.csv into athleteData

athleteData<-read.csv("C:/Users/Allen/Desktop/athlete_events.csv")

# If  the value of Medal column is NA,then give it the value-0 

athleteData$Medal[is.na(athleteData$Medal)]<-0

# If  the value of Medal column is 0,then give it the value -No Medal.
for(i in seq(athleteData$Medal))
{
  if(athleteData$Medal[[i]]==0)
  {
    athleteData$Medal[[i]]="No Medal"
  }
}

# Delete the rows which inClude the value-NA.

athleteData<-na.omit(athleteData)

# Create a new column-Medal_or_not,and add it to athleteData

Medal_or_not<-athleteData$Medal
athleteData<-cbind(athleteData,Medal_or_not)

# Loop 206165 times to give a new value of Medal_or_not column

for(i in seq(athleteData$Medal))
{
  if(athleteData$Medal[[i]]=="Gold"||athleteData$Medal[[i]]=="Silver"||athleteData$Medal[[i]]=="Bronze")
  {
    athleteData$Medal_or_not[[i]]=1
  }
  else if(athleteData$Medal[[i]]=="No Medal")
  {
    athleteData$Medal_or_not[[i]]=0
  }
}

# Delete the Name column

athleteData<-athleteData[,-2]

# Delete the Team column

athleteData<-athleteData[,-6]

# Delete the Games column

athleteData<-athleteData[,-7]

# download the information of athleteData into athlete_events_1.csv.

write.csv(athleteData, file = "athlete_events_1.csv",row.names = F)
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