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ABSTRACT

The Olympic Games represent a global celebration of athleticism, unity, and competition, uniting more than 200 nations in the spirit of sportsmanship. Since their
inception in 1896, the Olympics have undergone tremendous transformation, not only in scale and diversity but also in the depth of data generated and recorded.
With each Olympic edition, vast amounts of data are collected—ranging from medal tallies and athlete participation to gender ratios and country-wise
performance.

In this project, we have developed an interactive multi-page data visualization dashboard using Python, Taipy GUI, and Plotly. The primary goal is to transform
static Olympic data into dynamic and engaging visual stories that can be explored interactively by users. The dashboard provides features such as seasonal medal
filters, gender-based medal breakdowns, committee comparisons, host-country medal views, sunburst diagrams, and heatmaps across disciplines and
years. Through these visualizations, users can filter by medal type, country, Olympic year, or season to discover trends and insights.

Unlike traditional reports or static graphs, this dashboard supports real-time interaction and allows both technical and non-technical users to derive insights
without the need for complex queries. The platform has been hosted on an AWS EC2 instance, making it accessible for broader audiences. This project
ultimately aims to democratize data access and facilitate better understanding of Olympic trends through an intuitive and user-friendly analytical environment

I. INTRODUCTION

The modern Olympic Games are more than a global sporting event; they are a reflection of international cooperation, competitive spirit, and socio-
political evolution. Conducted every four years, alternating between Summer and Winter editions, the Games offer a rich dataset that can be used to
analyze patterns in global sports over time. From the first modern Olympics in Athens 1896 to the most recent editions, the event has grown
exponentially in terms of athlete participation, nation representation, discipline expansion, and gender inclusivity.
Analyzing this vast historical data manually is not only time-consuming but also ineffective in revealing deeper insights. This challenge can be
addressed through interactive dashboards that allow users to explore, compare, and visualize multi-dimensional datasets in real-time.
Our project introduces a data visualization system developed using Python, pandas, Plotly, and the Taipy GUI framework, which together deliver a
seamless and visually rich experience. The dashboard includes multiple features such as Olympiad-wise medal analysis, gender participation
comparisons, committee-level medal trends, and heatmaps by discipline and year, giving users a 360-degree view of Olympic data.
By integrating a wide range of interactive visual elements, the dashboard encourages exploration and supports stakeholders such as:

e Sports analysts tracking performance trends

e  Students and educators using Olympic data in academic settings

. National committees evaluating past performances

. General users interested in exploring Olympic history
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In addition, the project showcases the potential of modern open-source tools in building powerful and scalable data applications. The dashboard has
been deployed on an AWS EC2 instance to allow live demonstration and real-time access, simulating a professional analytics environment.

Through this effort, we aim to provide a platform-independent, scalable, and insightful system that not only highlights the glory of Olympic
achievements but also enables data-backed storytelling that educates and informs.

111. METHODOLOGY
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The development of the Olympic Data Analysis Dashboard followed a modular, structured methodology to ensure smooth processing of large datasets,
accurate analytics, and interactive visual representation. The methodology is divided into several integrated stages, each supported by dedicated
functional modules that handled data ingestion, transformation, computation, visualization, and deployment.

A. Data Collection and Preprocessing

At the foundation of the project lies the Data Collection and Preprocessing Module, responsible for ingesting raw Olympic datasets and preparing them
for further analysis. We sourced data from Kaggle and other publicly available repositories, covering over 125 years of Olympic history (1896 to 2021).
The datasets included athlete details, event results, medal records, NOC committee codes, seasonal classifications, and host city metadata, primarily in
CSV format.

The raw data underwent a thorough cleaning process using the pandas library. Null values and duplicates were removed, country names were
standardized (e.g., converting USSR to Russia), and event naming inconsistencies were resolved. Feature engineering was performed to create
additional metrics such as total medals per country, gender-wise participation ratios, medal shares across Olympiads, and distribution based on event
type (Summer or Winter). The cleaned datasets were then transformed into structured pandas DataFrames, which served as the input for all downstream
analytics and visual components. This stage ensured the accuracy, reliability, and consistency of data before any visualization or computation was
conducted.

B. Analytical Computation and Insights Extraction

The Data Analysis and Computation Module handled core analytical operations. Using pandas-based groupings and transformations, the system
computed year-wise medal tallies, committee-specific summaries, and comparative statistics across countries and genders. These aggregations formed
the backbone of both static summaries and dynamic charts.

In addition, custom computations were triggered in response to user inputs, such as filters applied for Olympic year, sport, or medal type. This allowed
the dashboard to generate insights in real-time, improving responsiveness and interactivity. Through this module, users could observe critical trends
such as the increase in female athlete participation over decades, the influence of host nations on medal counts, and the impact of global events like
World War Il and the COVID-19 pandemic on Olympic performance.
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C. Visual Dashboard Design and Interface

The Visualization Module served as the core interface between the processed data and the end user. Built using Taipy GUI and Plotly, it translated
structured data into engaging, interactive visual components that encouraged exploration and analysis.

The dashboard was organized into multiple themed pages: an All-Time Medals Overview with bar charts by Olympiad, a Country Medal Comparison
module with filterable medal breakdowns, a Host Nation Analysis with choropleth maps to highlight geographical medal distribution, a Gender and
Sport Sunburst showing participation diversity, and a Committee-wise Medal Trends page with time-series plots. Charts were made interactive using
hover, zoom, and real-time filter capabilities. The integration of responsive visuals ensured accessibility across devices, enabling technical and non-
technical users alike to extract valuable insights.

D. Navigation and User Interaction

To ensure a seamless user experience, the Navigation and Filtering Module was implemented using Taipy’s reactive framework. It allowed users to
switch between dashboard modules through intuitive multi-page routing. Real-time filtering options were provided, enabling users to drill down by
country, Olympic year or range, season (Summer or Winter), medal type, or sport discipline. The dashboard’s dynamic user interface ensured that any
filter selection automatically triggered updates in all relevant charts and visualizations, thus maintaining contextual accuracy and interactivity
throughout the application.

E. Deployment and Hosting

The final stage of the methodology involved deployment and scalability. The entire application was first tested and developed in a local Python
environment using VS Code and Jupyter Notebooks. Once functional, the project was deployed to a cloud environment using an AWS EC2 instance
running Ubuntu. Public access was enabled by configuring HTTP port 80 in the EC2 security group settings and SSH keys for secure access.

All dependencies, including Taipy, pandas, and Plotly, were packaged in a requirements file for reproducibility. The system supports custom domain
integration via AWS Route 53 or equivalent DNS services, allowing professional-level deployment. This infrastructure ensures the dashboard is not
only functional but also production-ready, scalable, and accessible to a wide audience for both research and educational use.

Conclusion of Methodology
By breaking the system into modular, interconnected units, the methodology ensures that each part—data ingestion, processing, analysis, visualization,

and hosting—is handled efficiently. This pipeline not only streamlines dashboard generation but also allows for future scalability, including ML
integration and live data streaming.

IV.SYSTEM ARCHITECTURE
The architecture of the Olympic Data Analysis Dashboard has been designed to be modular, scalable, and user-interactive. It comprises multiple layers,
each responsible for handling specific functionalities such as user interaction, data processing, visualization, and hosting. The entire system has been

developed using Python and is deployed on a cloud infrastructure for public access.

The core components of the architecture include:
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The frontend layer is built using the Taipy GUI framework, a Python-based platform that eliminates the need for traditional web development using
HTML, CSS, or JavaScript. This layer is responsible for rendering the graphical user interface and managing interactions such as page navigation,
dropdown selections, year and medal-type filtering, and more. Each visual component is reactive, ensuring that updates triggered by user actions are
instantly reflected in the dashboard. Key pages include Home, Committee Performance, Country View, and Gender-based Analysis, each equipped with
dynamic visualizations that enhance exploratory analysis.

The backend logic is implemented using the pandas library, which handles the ingestion and processing of multiple structured CSV datasets. These
datasets include athlete events, medal records, committee (NOC) codes, and host city metadata. The backend module performs essential data
transformations such as grouping, filtering, aggregating, and sorting. Clean and reusable DataFrame structures are generated to support user-driven
operations such as filtering by Olympic year, season, medal type, country, or sport. This ensures that visualizations are based on real-time, filtered
computations and that insights remain accurate across all views.

Plotly serves as the primary visualization engine, generating interactive charts across all modules. The visual components rendered include medal tally
bar charts by Olympiad, sunburst diagrams showing gender-based medal breakdowns, committee-level trends across decades, and choropleth maps
representing global distribution of Olympic achievements. Plotly’s interactive capabilities such as zooming, tooltip hover details, and animation
enhance the analytical depth and user engagement of the platform.

The architectural flow begins with loading raw CSV datasets, which are then cleaned, transformed, and stored in memory as structured DataFrames.
These are passed to dedicated visualization functions and rendered dynamically in the frontend. Taipy’s state management and variable binding
mechanisms ensure synchronization between backend data processing and frontend updates. Functions like load_data(), generate_chart(), and
generate_map() are modularized across Python scripts to support maintainability and code reusability.

The complete application is deployed on an AWS EC2 instance running Ubuntu Linux. The deployment process involved configuring SSH for secure
terminal access, enabling HTTP/HTTPS ports via AWS Security Groups, and installing all required Python packages including Taipy, pandas, and
Plotly. The dashboard is launched via a Python script (main.py) and kept active using screen sessions or background services. Initial deployment
challenges included firewall rules and public IP exposure, which were resolved through proper server and application configuration. The hosted
application is now publicly accessible and performance-optimized.

To document the architecture, a series of UML diagrams were developed during the design phase. The Use Case Diagram identifies system interactions
such as user login, data filtering, and report generation. The Sequence Diagram models the temporal flow of actions from user input to backend
processing and frontend rendering. The Activity Diagram illustrates the overall workflow, starting from dataset loading to user-exportable visualization.
The Class Diagram maps out backend modules such as OlympicData, ChartRenderer, and FilterManager, capturing the relationship between their
attributes and methods. The Component Diagram shows the interdependency between Ul components, logic processors, data handlers, and visualization
modules.

Although the system does not use a traditional relational database, it manages large-scale structured data in CSV format. These datasets include athlete
records, medal distributions, country mappings, and Olympic city details. Once loaded into pandas DataFrames, they serve as in-memory structured
databases capable of supporting fast and efficient filtering, grouping, and rendering for interactive analytics.

This layered architecture, combining frontend responsiveness with backend robustness, forms the core of the Olympic Data Analysis Dashboard. It
ensures that users can perform rich, exploratory data analysis across historical Olympic events through a seamless, web-based interface.

Conclusion of Architecture
This architecture effectively combines object-oriented programming, component-based design, and cloud hosting to build an educational and analytical

platform. By integrating UML diagrams, modular Python scripts, and AWS deployment, the Olympic Data Dashboard achieves real-time data analysis
with an intuitive user experience. The architecture also leaves room for future integration of live datasets or predictive analytics using machine learning.

V. RESULTS AND ANALYSIS:

5.1 Total Medal Overview and Interpretation

Figure 5.1: Total Olympic Medal Distribution — Gold, Silver, Bronze, and Overall

Medals awarded at all Olympic games

This dashboard displays aggregated data for the medals awarded across the Olympics, from Athens 1896 to Beijing 2022.

Total Gold Medals Total Silver Medals ¢ Total Bronze Medals & Total Medals &

7008 6979 7490 21477

The Olympic Data Analysis Dashboard developed in this project enables a detailed and interactive overview of Olympic history, offering rich visual
insights into medal distributions, committee performances, and event-wise participation. A central feature of the dashboard is the total medal summary
panel, which provides aggregated counts across all Olympic Games, from Athens 1896 to Beijing 2022.
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As visualized in Figure 5.1, the following medal counts were recorded:

. Gold Medals: 7,008

. Silver Medals: 6,979

. Bronze Medals: 7,490

e  Total Medals Awarded: 21,477
This data was derived after preprocessing the Olympic dataset using Python’s pandas library, ensuring data consistency and removal of null or
duplicate values. The medal statistics include both Summer and Winter Olympic events, offering a unified view of international sports performance.
From the above statistics, we observe a near-equal distribution between gold and silver medals. The slightly higher count of bronze medals can be
attributed to tie situations or events where two bronze medals are awarded (e.g., in boxing and judo). This discrepancy highlights nuances in Olympic
medal distribution policies, offering an analytical perspective on how competition formats influence outcomes.
The summary serves as the starting point for further exploratory analyses such as gender participation trends, country-specific medal trajectories,
seasonal performance gaps, and committee-wise medal comparisons across decades. These advanced insights are accessible through dedicated pages
within the dashboard.

5.2 Medal Distribution by Olympiad

Medal Count by Olympiad and Medal Type

Medal_typs
=
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Olympiad

Figure 5.2: Medal Count Distribution by Olympiad and Medal Type (Gold, Silver, Bronze)

The Olympic Data Analysis Dashboard developed in this project facilitates a detailed examination of medal distribution trends across all modern
Olympic Games. Figure 5.2 presents a stacked bar visualization depicting medal counts by type (gold, silver, bronze) for each Olympiad from Athens
1896 through Paris 2024.
As illustrated in Figure 5.2, there is a distinct upward trajectory in total medals awarded throughout Olympic history, with contemporary Games
allocating substantially more medals than their historical counterparts. Paris 2024 and Tokyo 2020 demonstrate the highest medal counts on record,
reflecting the expansion of Olympic events and participating nations over time.
This visualization was generated after preprocessing the Olympic dataset using Taipy's data handling capabilities integrated with Python's pandas
library. The preprocessing ensured temporal consistency and proper categorization of medal types across all Olympiads.
e A consistent proportional distribution of gold, silver, and bronze medals across most Olympiads, indicating adherence to standardized award
protocols
. Notable anomalies corresponding to historical events, including the specialized Stockholm 1956 equestrian games highlighted in the
visualization
o A marked acceleration in medal allocation beginning in the late 20th century, correlating with the documented expansion of event categories
and global participation
This longitudinal assessment provides empirical evidence of the Olympic Games' evolution from a limited athletic competition to the comprehensive
global sporting event observed today. The visualization serves as a foundation for subsequent analyses examining regional performance patterns,
gender participation trends, and sport-specific medal distributions available through other interactive components in the dashboard.
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5.3 Medal Distribution by National Olympic Committee
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Figure 5.3: Count of Gold, Silver, Bronze Medals by National Olympic Committee

The interactive dashboard developed for this Olympic data analysis project provides comprehensive visualization of medal achievements categorized
by National Olympic Committee (NOC). Figure 5.3 presents a stacked bar chart illustrating the distribution of gold, silver, and bronze medals across all
participating committees throughout Olympic history.
As evident in Figure 5.3, there exists substantial disparity in medal acquisition among Olympic committees. The United States demonstrates remarkable
dominance in overall medal count, with a significant margin separating it from subsequent high-performing committees such as Germany, France, Italy,
and the Soviet Union. This visualization confirms the established understanding of historical Olympic performance patterns while providing precise
quantification of the achievement gaps.
The implementation of this visualization through Taipy's interactive components allows for dynamic exploration of the data, enabling researchers to
identify several noteworthy patterns:
e A pronounced concentration of medal achievements among a relatively small subset of committees, with performance declining
exponentially across the distribution
e  Consistent proportional distribution of medal types within most top-performing committees, suggesting systematic excellence rather than
specialization in particular events
e  The presence of several committees with minimal medal counts, indicating significant disparities in Olympic success that may correlate with
factors such as economic development, population size, or sports infrastructure investment
This visualization provides empirical foundation for subsequent analytical inquiries regarding the factors influencing national Olympic performance.

5.4 Medal Distribution by Gender, Discipline, and Event

Total Medals by Gender, Discipline, and Event - All
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Figure 5.4: Total Medals by Gender, Discipline, and Event - Hierarchical Sunburst Visualization

The Olympic data analysis dashboard incorporates an advanced sunburst visualization that illustrates the hierarchical relationship between gender
categories, sporting disciplines, and specific events in Olympic medal distribution. Figure 5.4 presents this multi-layered representation, offering
unprecedented insight into the structural composition of Olympic competitions and gender participation patterns.
As depicted in Figure 5.4, the visualization employs a three-tiered hierarchical structure with gender classification as the primary segmentation,
followed by sporting disciplines and individual events. The disproportionate allocation of segments immediately reveals several critical insights
regarding Olympic medal distribution:
. Men's events represent a substantially larger proportion of all Olympic medals awarded throughout history, visualized by the predominant
blue segment occupying approximately two-thirds of the circular representation
e Athletics and Swimming emerge as the disciplines with the highest medal allocation across both gender categories, confirming their status
as core Olympic sports
e  The "Open" category (gender-neutral events) constitutes a minimal portion of Olympic competitions, primarily concentrated in equestrian
disciplines and sailing events
The interactive capability of this visualization, implemented through Taipy and supporting libraries, enables detailed examination of specific events. As
demonstrated by the highlighted segment for 400 metres Freestyle, Men" in Swimming (count=78), researchers can extract precise quantitative data
for individual events through interactive engagement with the visualization.
This hierarchical representation effectively communicates the historical gender imbalance in Olympic event offerings while simultaneously mapping
the complete taxonomic structure of Olympic competitions. The visualization serves as a valuable tool for analyzing the evolution of gender equity in
the Olympics and examining the relative prominence of various sporting disciplines throughout Olympic history.

5.5 Geographical Distribution of Olympic Medals by Host Country
The spatial analysis component of the Olympic data dashboard provides a comprehensive choropleth visualization of medal distribution according to

host countries throughout Olympic history. Figure 5.5 presents this geospatial representation, employing a color gradient scale to indicate the
cumulative number of medals awarded at Olympic Games hosted by each nation.

All Olympic Medals awarded by Host Country (All

Figure 5.5: All Olympic Medals Awarded by Host Country - Global Choropleth Map

As illustrated in Figure 5.5, the distribution of Olympic hosting opportunities—and consequently, the medals awarded within those Games—
demonstrates significant geographical concentration. The United States exhibits the highest intensity (yellow), indicating its status as the host of the
greatest number of Olympic medals awarded, exceeding 2,500 medals across its multiple hosting instances. This aligns with the nation's established
role as a frequent Olympic host (including St. Louis 1904, Los Angeles 1932/1984/2028, Salt Lake City 2002, and Atlanta 1996).
The visualization reveals several additional patterns of significance:
e A pronounced concentration of hosting opportunities among European nations (purple shading), with France, Germany, and the United
Kingdom all displaying substantial medal counts from their respective hosting occurrences
e  The emergence of East Asian hosts (China, Japan, South Korea) with varying levels of medal allocation, reflecting the geographical
expansion of Olympic hosting in recent decades
e  Australia's prominent position (pink shading) among Southern Hemisphere nations, having hosted multiple Olympic Games (Melbourne
1956, Sydney 2000, Brisbane 2032)
e  The conspicuous absence of hosting opportunities (gray shading) across the African continent, Central Asia, and much of South America
apart from Brazil (purple)
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This geospatial representation effectively communicates both the historical concentration of Olympic hosting opportunities among Western nations and
the gradual geographical diversification of host countries over time. The visualization provides essential context for understanding the relationship
between Olympic hosting privileges and global geopolitical influence throughout modern Olympic history.

5.6 Comparative Analysis of Modern Olympic Games by Key Metrics

Olympic_year Olympic_season total_medals total_medals gold tatal medals silver total_medals_bronze number_committees number_disciplines. number_events Country
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Figure 5.6: Comparative Metrics of Olympic Games (1980-2024) - Tabular Representation

The Olympic data analysis dashboard incorporates a comprehensive tabular representation of modern Olympic Games from 1980 to 2024, presenting
critical metrics that facilitate cross-Games comparison and trend identification. Figure 5.6 provides this structured dataset, offering a multidimensional
view of Olympic evolution across both Summer and Winter Games.
As evidenced in Figure 5.6, the tabular visualization reveals several significant trends in Olympic Games development:
e A consistent upward trajectory in total medal counts, particularly for Summer Olympics, with Tokyo 2020 (1,080) and Paris 2024 (1,043)
demonstrating unprecedented medal volumes compared to earlier iterations like Moscow 1980 (631)
e  Comparable growth in Winter Olympics medal allocation, though at a more moderate rate, increasing from 115 medals at Lake Placid 1980
to 328 medals at Beijing 2022
e  Substantial expansion in participating committees across both seasonal variants, with Summer Olympics experiencing particularly
significant growth from 36 committees (Moscow 1980) to 93 committees (Tokyo 2020)
e  Parallel increases in the number of disciplines and events, with Summer Olympics showing remarkable diversification from 26 disciplines
and 189 events (Moscow 1980) to 48 disciplines and 329 events (Paris 2024)
The implementation of this tabular component through Taipy's data presentation capabilities enables efficient sorting, filtering, and pagination
functionality, allowing researchers to extract specific subsets of Olympic data for specialized analyses. The standardized format facilitates direct
comparison across multiple dimensions, including temporal, geographic, and administrative factors.
This tabular representation provides empirical documentation of the substantial growth in Olympic scope and complexity over recent decades. The
quantitative increases in medals, events, disciplines, and participating committees collectively indicate the Games' continued expansion as a global
sporting phenomenon, with implications for organizational logistics, broadcast requirements, and infrastructure demands placed on host nations.

5.7 Committee-Wise Gold Medal Trends (Summer Olympics)

Gold Medals for Selected Committees by Olympic Year | summer
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Figure 5.7: Gold Medal Trends for Selected Committees by Olympic Year (Summer)

illustrates the longitudinal performance of selected National Olympic Committees (NOCs)—namely the United States, France, Germany, India, and
Russia—in terms of gold medal counts across various Summer Olympic Games.
The line chart presents a comprehensive view of medal trends spanning over a century. Key insights include:

United States consistently dominates the gold medal tally throughout the timeline, with peaks observed in the early 1900s and mid-1980s.
These spikes reflect both the athletic depth and strategic sports investments made by the country over the years.

Germany exhibits intermittent performance due to historical geopolitical changes, with strong medal outcomes before World War Il and
during the 1980s. The reunification and international sanctions have directly impacted medal participation and trends.

Russia, while absent in early data due to political non-participation, emerges as a powerful contender from the late 20th century onwards,
showcasing a sharp rise post-1992 with significant gold medal wins in the 2000s.

France maintains a relatively stable yet moderate gold medal performance throughout the years, suggesting consistent participation but
limited dominance compared to the top-performing committees.

India, in contrast, displays minimal gold medal acquisition across the timeline, with occasional medals in sports like hockey or shooting.
This highlights the developmental gap in sports infrastructure and investment relative to other nations.

This visualization helps contextualize each country’s sporting journey, strategic strengths, and historical challenges. Tracking gold medal trends at the
committee level offers valuable indicators for policymakers, analysts, and national sports federations in understanding competitive dynamics, resource
allocation, and areas for potential improvement.

5.8 Committee-Wise Gold Medal Trends (Winter Olympics)

Total Medals

Gold Medals for Selected Committees by Olympic Year | winter
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Figure 5.8: Gold Medal Trends for Selected Committees by Olympic Year (Winter)

It showcases the gold medal performance of selected Olympic committees—namely the United States, France, Germany, Russia, and India—across
various editions of the Winter Olympic Games.

This line graph reveals trends in dominance and participation over the years, highlighting the variation in winter sports capabilities and focus areas for
each country:

Germany shows a steep upward trend in gold medals starting from the 1990s, becoming one of the leading nations in Winter Games. The
consistency in the recent editions indicates a strong winter sports program and investment in disciplines like skiing, luge, and biathlon.
Russia entered the Winter Games relatively late but made an immediate and significant impact. Peaks in gold medal counts can be observed
around 1994 and 1998, with fluctuations due to political changes, doping bans, and event-specific performance.

United States maintains a steady upward trajectory, with noticeable improvements after 1980. While not always the top performer in winter
sports compared to its summer achievements, the US continues to show competitive growth across disciplines like snowboarding, skating,
and alpine skiing.

France exhibits modest yet consistent medal acquisition across decades, with a slight increase in the post-2000 era. This reflects stable
participation and gradual enhancement in winter sports performance.

India, on the other hand, shows negligible or no gold medals throughout the Winter Olympics timeline, which reflects the climatic and
infrastructural limitations for winter sports training in the region.

The chart emphasizes disparities in winter sports development among nations and offers insights into how regional climate, infrastructure, and
investment priorities influence performance. For instance, nations with colder climates and alpine geography tend to dominate winter events.
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5.9 Committee-Wise Silver Medal Trends (Summer Olympics)

Silver Madals for Selected Comm ittees by Olympic Year | summer

Figure 5.9: Silver Medal Trends for Selected Committees by Olympic Year (Summer)

It visualizes the historical trends of silver medals earned by selected Olympic committees—including the United States, France, Germany, Russia, and
India—across different editions of the Summer Olympic Games.

This comparative line graph provides insight into how each nation has performed in terms of second-place finishes and how consistent their Olympic
participation has been over time:

This fi

United States continues to dominate silver medal counts throughout the timeline, particularly with sharp spikes in the early 1900s and again
during the post-1980 era. Their consistent performance underlines the country’s depth in athlete participation across disciplines.
France saw a remarkable silver medal peak around 1900, which was one of their strongest showings. While fluctuations followed in later
decades, there has been a gradual resurgence in recent years.
Germany demonstrates a steady and competitive presence, especially after World War I1. Their performance improves significantly during
the post-1960s era, peaking in the 1990s and maintaining respectable medal counts afterward.
Russia exhibits a similar pattern to its gold medal trend, with high silver medal counts during the post-Soviet entry phase. The early 2000s
mark their peak, followed by some decline likely due to external factors such as participation bans and event restrictions.
India displays minor improvements in recent Olympic editions, with a visible but still low trend. This reflects the growing but still
developing focus on elite-level Olympic sports within the country.

gure helps highlight not just dominance but also the competitive balance and athletic excellence just shy of first place. It underscores how

countries that may not always top the podium still maintain a strong overall Olympic presence.

5.10 Committee-Wise Silver Medal Trends (Winter Olympics)

Silver Medals for Selected Committees by Olympic Year | winter

16 A

Figure 5.10: Silver Medal Trends for Selected Committees by Olympic Year (Winter)

It showcases the silver medal achievements of five Olympic committees—France, United States, India, Germany, and Russia—across different
years of the Winter Olympic Games. This line graph provides valuable insights into the evolution of silver medal performance in winter sports.

Key observations from the data:
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e  Germany emerges as one of the strongest contenders in Winter Olympics silver medals, with a noticeable rise from the 1990s onwards.
Their peak performance is evident around the 2002 and 2006 editions, suggesting dominance in traditional winter disciplines like skiing and
biathlon.

e  Russia also demonstrated high silver medal counts, particularly after the dissolution of the Soviet Union. Their medal trend remained
competitive from 1994 through 2010, showing their continued strength in winter sports until participation disruptions in recent editions.

e  France shows consistent improvement post-1990, gradually increasing its silver medal counts and maintaining competitiveness. Their
upward trend demonstrates strategic investment in winter sports infrastructure and athlete development.

e  United States has maintained a steady performance throughout the timeline, with significant peaks during the mid-20th century and
renewed strength post-1990. Their broad participation across various winter disciplines reflects in the stable silver medal count.

e India, as expected, shows minimal or no representation, underlining the country’s limited presence in winter sports. This highlights the
geographical and infrastructural constraints in fostering winter athletics.

This figure highlights how European countries like Germany and France, along with the United States and Russia, continue to dominate silver medal
rankings in winter events, influenced by their climatic advantage and consistent investment in relevant sports.

5.11 Committee-Wise Bronze Medal Trends (Summer Olympics)

Figure 5.11 illustrates the distribution of bronze medals earned by five Olympic committees—United States, France, India, Germany, and
Russia—across various Summer Olympic Games from the early 20th century to the most recent edition. This line graph provides a clear timeline of
medal-winning patterns and historical dominance in bronze medal achievements.Key insights:

Bronze Medals for Selected Committees by Olympic Year | summer
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tal Medals

Total

1900 1920 1940 1960 1980 2000 2020

Year

Figure 5.11: Bronze Medal Trends for Selected Committees by Olympic Year (Summer)

e  The United States consistently leads in bronze medal acquisition across most of the observed Olympic years. The peak performance is
clearly visible around the early 1900s and post-1980s, indicating both a historical legacy and modern athletic depth.

e  Germany exhibits notable fluctuations, with strong bronze medal counts especially between 1930 and 2010, reflecting its solid standing in
various disciplines like track and field, rowing, and cycling.

e  France displays a pattern of moderate but stable performance in bronze medal tallies. While not always the highest scorer, France’s
presence has been steady over the decades, particularly improving in recent editions post-1992.

e  Russia shows significant entries in bronze medal achievements from the 1996 Atlanta Games onward, aligning with their resurgence post-
Soviet era. Their upward trend in the early 2000s marks their return as a dominant sports power.

e India, though relatively low on the graph, has shown gradual improvement in recent Summer Olympics. The increase from 2008 onward
signals growing investment in Olympic sports such as wrestling, boxing, and badminton.

This analysis confirms that while the United States dominates overall, countries like Germany and Russia have also maintained strong standings in
bronze medal counts. Moreover, the rise of emerging participants like India adds valuable diversity to the Olympic medal landscape.
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5.12 Committee-Wise Bronze Medal Trends (Winter Olympics)

Bronze Medals for Selected Committees by Olympic Year | winter
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FIgure 5.1Z27 Bronze Viedal Trends Tor selecte ommittees by Olympic Year (Winter)

It displays the bronze medal distribution trends across Winter Olympic Games, focusing on selected national Olympic committees—United States,

France, Germany, Russia, and India—from 1924 to 2022. The graph helps identify long-term performance dynamics in winter disciplines among
these countries.

Key observations:

e  The United States shows a gradual increase in bronze medals post-1980, peaking around 2002-2010, indicating growing investment and
training in winter sports such as snowboarding and speed skating.

e  Germany has maintained consistent performance, especially from the 1990s to 2010, with several high bronze medal counts. This steady
trend showcases Germany’s dominance in alpine skiing, luge, and biathlon events.

e  Russia demonstrates an upward trend beginning in the 1990s, aligning with its participation as an independent country post-Soviet era. It
peaked between 2006 and 2014, reflecting a focused strategy in winter sports training programs.

e  France presents a pattern of modest and steady bronze medal gains, with notable improvements from the 1990s onward. The increase
corresponds to successes in freestyle skiing and ice sports.

India, consistent with its limited participation in Winter Games, shows negligible or zero medal counts across all editions. This highlights
the scope for development in winter athletics within tropical nations.

This comparative analysis highlights how the Winter Olympics have historically been dominated by nations with established infrastructure and

climatic advantages. Countries like the United States, Germany, and Russia have excelled, while emerging participation from countries like France
suggests growing global interest in winter disciplines.
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5.13 Committee-Wise Discipline Distribution for United States (Summer & Winter Olympics)
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Figure 5.13: Medal Distribution by Olympiad and Discipline for United States (Summer & Winter)

It presents a comprehensive discipline-wise breakdown of medal distribution across various Olympiads for the United States, separated into

Summer and Winter Olympics. This visualization leverages heatmaps to show the intensity of medals won across multiple disciplines over time.

Summer Olympics Insights:

e  The United States has been a consistent top performer in summer events like Athletics, Swimming, Gymnastics, and Basketball.

e  High medal concentrations can be observed across nearly every Olympiad, with a notable spike in events like Athletics and Swimming,

particularly between 1984-2016.

e  Thediversity of disciplines such as Shooting, Rowing, Wrestling, and Boxing further demonstrates the USA’s broad strength in summer

sports.

e Recently introduced sports like 3x3 Basketball and Skateboarding show lower intensity, which reflects their new entry into the Olympic

roster.
Winter Olympics Insights:

e In Winter Games, the United States displays significant medal intensity in Snowboarding, Freestyle Skiing, and Figure Skating.

e  Post-1990, there is a visible increase in performance across disciplines like Skeleton and Speed Skating, correlating with enhanced winter

sports training infrastructure.
e  Events such as Cross-Country Skiing and Biathlon show lower medal contributions, suggesting targeted areas for improvement.

Overall, the heatmaps reflect how the United States maintains a high and consistent medal-winning trend across a wide variety of disciplines,

solidifying its position as a leading Olympic nation. The contrast between summer and winter performance also highlights strategic strengths and
potential gaps.
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5.14 Committee-Wise Discipline Distribution for Germany (Summer & Winter Olympics)
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Figure 5.14: Medal Distribution by Olympiad and Discipline for Germany (Summer & Winter)

Figure 5.14 provides a comparative visualization of Germany’s Olympic performance, specifically highlighting medal distribution by discipline
across various Olympiads for both Summer and Winter Games. Using dual heatmaps, the dashboard demonstrates Germany’s strengths and patterns
over decades of participation.

Summer Olympics Insights:

e  Germany has exhibited strong performances in disciplines like Equestrian, Rowing, Canoeing, Swimming, and Athletics.

e  The intensity of the heatmap shows consistent medal wins from early Olympiads such as Helsinki 1952 to Tokyo 2020, particularly in
strength and technique-based sports.

e  Sports like Cycling, Wrestling, and Gymnastics also showcase a significant footprint across years, highlighting Germany’s holistic
approach to Olympic preparation.

e  Modern events like 3x3 Basketball and Skateboarding show lower presence, consistent with recent event introductions.

Winter Olympics Insights:

e In Winter Games, Germany has a distinctive edge in sports like Luge, Bobsleigh, Ski Jumping, and Biathlon.

e  The medal intensity is especially high in events like Figure Skating and Skeleton during Lillehammer 1994, Salt Lake City 2002, and
PyeongChang 2018.

e  The chart reflects a well-rounded investment in ice and snow disciplines, positioning Germany as a consistent performer in winter
competitions.

The combined heatmaps give a comprehensive profile of Germany’s Olympic legacy, identifying key disciplines where the country has historically
dominated and where future growth may be targeted. The structured layout enhances the ability to correlate performance trends with event types and
Olympic editions.

5.15 Committee-Wise Discipline Distribution for Russia (Summer & Winter Olympics)

It provides a comprehensive view of Russia’s medal distribution across various Olympic disciplines, split between Summer and Winter Olympic
Games. These dual heatmaps offer insight into Russia’s strengths, historical trends, and specialization patterns across different Olympiad editions.
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Summer Olympics Insights:

e  Russia has demonstrated strong performances in Artistic Gymnastics, Wrestling, Weightlifting, and Athletics, which appear consistently
across multiple Olympiads.

e  Disciplines such as Boxing, Fencing, and Swimming also show significant contributions, indicating a multi-sport dominance in the
Summer Games.

e  The heatmap reflects concentrated success particularly during Olympiads such as Sydney 2000, Beijing 2008, and Rio 2016, suggesting
Russia’s strategic focus on achieving medal diversity.

o

programs.

Emerging sports like 3x3 Basketball and Breaking have limited to no representation, consistent with their recent introduction into Olympic
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Figure 5.15: Medal Distribution by Olympiad and Discipline for Russia (Summer & Winter)

Winter Olympics Insights:

e  Russia’s dominance is more pronounced in Winter disciplines like Figure Skating, Cross-Country Skiing, Biathlon, and Luge.

e  Olympiads such as Nagano 1998, Torino 2006, and Sochi 2014 show peak medal concentrations, particularly in ice-based sports, reflecting
Russia’s climatic and infrastructural advantages.

e  The heatmap reveals consistent medal acquisition in Ski Jumping, Skeleton, and Speed Skating, affirming Russia’s legacy in winter
sports.

[ ]

Opverall, this visual analysis underscores Russia’s sport-specific specialization, historical dominance in both Olympic seasons, and evolving
participation across a spectrum of events.

5.16 Committee-Wise Discipline Distribution for France (Summer & Winter Olympics)

Figure 5.16: Medal Distribution by Olympiad and Discipline for France (Summer & Winter)
Detailed information by committee
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The color intensities also indicate some diversification in recent editions, including disciplines like Snowboardingand Freestyle Skiing.
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It presents a detailed breakdown of France’s Olympic medal achievements by discipline and Olympiad for both the Summer and Winter Games.
These heatmaps enable an in-depth understanding of France’s strategic strengths and longitudinal performance across a wide spectrum of sports.

Summer Olympics Insights:

France has accumulated a total of 288 Gold, 324 Silver, and 362 Bronze medals, bringing the total Summer and Winter medal tally to 974.
In Summer editions, disciplines such as Fencing, Athletics, Swimming, Canoeing, and Cycling display high medal densities, affirming
France’s sustained focus on these sports.

Notable spikes in performance are visible during Paris 1900, Los Angeles 1984, Barcelona 1992, and Beijing 2008, showcasing periods of
high athletic output.

Sports like Judo, Rowing, and Handball also show significant medal contributions across recent Olympiads, while newer additions like
3x3 Basketball and Breaking remain relatively unexplored.

Winter Olympics Insights:

France has maintained competitive standing in winter disciplines such as Alpine Skiing, Freestyle Skiing, Biathlon, and Snowboarding,
which are consistently visible across Winter Olympiads.

The Grenoble 1968 and Albertville 1992 editions—hosted in France—correspond to visible performance peaks, suggesting host-nation
advantage.

Events like Figure Skating and Cross-Country Skiing also appear recurrently, indicating historical consistency in winter disciplines.
The medal distribution across disciplines shows France’s gradual expansion into newer winter sports, as evidenced by recent entries like
Skeleton and Ski Jumping.

This committee-wise discipline analysis not only reflects France’s well-rounded Olympic engagement across seasons but also highlights how historical,
infrastructural, and policy decisions influence medal distributions over time.

5.17 Committee-Wise Discipline Distribution for India (Summer & Winter Olympics)
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Figure 5.17: Medal Distribution by Olympiad and Discipline for India (Summer & Winter)

It presents a granular view of India’s Olympic medal distribution by discipline and Olympiad for both Summerand Winter Games, offering insight
into the country’s athletic progress over the years.

Summer Olympics Insights:

India has earned a total of 10 Gold, 10 Silver, and 21 Bronze medals, amounting to a total of 41 medals at the Olympics, with all of them
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achieved in the Summer Games.

e  The majority of India’s historical gold medals stem from Field Hockey, especially during early editions such as Amsterdam 1928, Los
Angeles 1932, and London 1948, showcasing early dominance in team sports.

e  More recent achievements include medal gains in Badminton, Wrestling, Weightlifting, and Boxing, indicating a shift toward individual
sports performance.

e  Notable Olympiads where medal activity was concentrated include Beijing 2008, London 2012, and Tokyo 2020, showing a visible upward
trend in performance consistency in the last two decades.

e  Disciplines like Shooting and Athletics also appear as emerging medal areas in India’s Olympic journey.

Winter Olympics Insights:
e Asof the current dataset, India has not secured any medals in the Winter Olympic Games.
e  The absence of entries in the winter discipline heatmap visually underscores the country’s minimal or non-competitive participation in

winter sports due to geographical, infrastructural, and climatic limitations.

This committee-specific breakdown not only highlights India’s concentrated success in selected summer sports but also emphasizes the potential for
growth in underrepresented disciplines and the opportunity to develop winter sports talent and infrastructure in the future.

V1. Mathematical Formulas and Logic Used
The Olympic Data Analysis Dashboard employs a series of data aggregation, transformation, and filtering operations to derive insights from over a

century’s worth of Olympic records. While the implementation relies on Python libraries such as pandas and NumPy, the core logic is grounded in
foundational statistical and computational formulas. This section outlines the key equations and formulas used across the dashboard.

6.1 Total Medal Count
To compute the total medals for each country or committee:
Total Medals = Gold + Silver + Bronze
This equation is used to generate overall rankings by country or National Olympic Committee (NOC) over selected periods.
6.2 Medal Ratio (By Type or Gender)
To evaluate the distribution of medals among different types or genders:
Medal Ratio (X) = (Medals of X + Total Medals) x 100

Where X can represent a specific medal type (Gold/Silver/Bronze) or a demographic (Men/Women). This formula is useful for comparative
visualizations such as pie charts and sunburst diagrams.

6.3 Grouped Aggregation (By Country or Year)
Grouping data by multiple keys such as country and year is performed using the following logic:
Grouped Count (i,j) = Count of records where Country = iand Year = j
Where:
° i = Country or NOC
e  j=Yearor Olympiad

e  delta_{i,j}(k) = 1 if record k matches group (i,j), else 0

In code, this is implemented using:

df.groupby(['Year', 'Country'])['Medal'].count()
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6.4 Filtering Logic

User-driven filtering (by Year, Season, Country, Sport, etc.) is handled by applying logical indexing to datasets:

Filtered Data = {xin D | x[parameter| = value }

Example:

filtered_df = dff(df["Year'] == selected_year) & (df['Medal’] == selected_medal)]

This enables real-time responsiveness in the dashboard when selectors are used.

6.5 Participation Ratio (Gender)

To analyze gender-based participation trends across decades:

Participation Ratio_G = (Athletes_G / Total Athletes) x 100

This formula supports insights into the historical inclusion and progress of women in the Olympic Games.

6.6 Country Share of Total Medals

To assess a country’s share of total medals in a particular Olympiad:

Country Share = (Medals by Country inYear + Total Medals inYear) x 100

This metric is visualized using bar graphs and choropleth maps to highlight geopolitical performance patterns.

6.7 Dynamic Metric Calculations (Real-time)

In dynamic filtering scenarios, the updated dataset is used to recalculate relevant metrics based on user interaction:

Metric (u) = f(Filtered Dataset based on u)

Where f'is a statistical function like count, mean, or ratio, and u is the user’s selection input.

VI1l. CONCLUSION

The research presented in this paper focuses on the development and implementation of an interactive, data-driven dashboard to analyze the extensive
history of the Olympic Games from 1896 to 2022. Utilizing powerful tools such as Python, pandas, Plotly, and Taipy GUI, this project demonstrates
how complex historical sports data can be translated into actionable insights through dynamic visualizations. The dashboard not only simplifies access
to Olympic statistics but also enhances user engagement through real-time filtering, intuitive navigation, and multi-tab interactivity.

Our system architecture was methodically structured using industry-standard UML diagrams, E-R models, and Data Flow Diagrams, which enabled
modular design, seamless data processing, and efficient deployment on an AWS EC2 instance. This layered design ensured clarity in responsibilities
across modules such as data ingestion, analytical computation, visual rendering, and deployment. The system supports a wide range of functionalities
including medal trend analysis, committee-wise comparisons, gender and event-based breakdowns, and seasonal evaluations across both Summer and
Winter Olympic Games.

Significant insights emerged from our exploratory data analysis:

e  Countries like the United States and Germany exhibited consistent high-level performance across multiple Olympiads, highlighting their
historical dominance.

e  Russia showed strong performance particularly in Winter events post-1990s, while France demonstrated balanced contributions in both
seasons.

e India, though limited in total medal count, has shown measurable improvement in specific disciplines, with increased visibility in the last
two decades.

e  Gender participation analysis revealed a steadily increasing female presence in Olympic events, indicating progress toward inclusivity.
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e  Heatmaps and discipline-wise plots illustrated which sports each nation excelled in, offering potential guidance for future training and
investment priorities.

Through interactive dashboards and visualization modules such as choropleth maps, sunburst plots, and committee-wise line charts, our project
provides a comprehensive platform for exploring Olympic data from both macro and micro perspectives. Stakeholders including researchers, sports
federations, analysts, and students can use this tool for comparative studies, historical evaluations, or policy planning.

While the current work focused on Exploratory Data Analysis (EDA), there exists significant potential to extend this system with Predictive
Modeling and Machine Learning techniques. Incorporating algorithms such as regression, classification, and time-series forecasting could enable
predictive insights such as future medal probabilities, country performance forecasts, or even athlete medal potential based on historic metrics.

In conclusion, the Olympic Data Analysis Dashboard demonstrates how the integration of data science, interactive visual tools, and a robust software
architecture can transform historical datasets into meaningful, user-centric platforms. It sets the stage for deeper, more advanced analytics in sports data

and paves the way for data-informed strategies in Olympic preparation and performance optimization.
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