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  ABSTRACT 

Data visualization is the use of pictures and graphs to represent information. It is only now becoming properly 

appreciated for the benefits it can bring to business decision making. There are many data visualization tools 

available today, each with its own strengths and weaknesses. Some popular data visualization tools include 

Tableau, Power BI, and QlikView, which are designed for business intelligence and data discovery. D3.js, Plotly, 

and High charts are popular JavaScript libraries for creating interactive and dynamic visualizations on the web. 

Matplotlib and Seaborn are commonly used in the Python programming language for data visualization. R and 

ggplot2 are also popular among data scientists and statisticians for creating static and interactive 

visualizations. Overall, the choice of data visualization tool depends on the specific needs and requirements of 

the user and the type of data being analyzed. The main goal and contribution of this review paper is to present 

the overview of data visualization tools and provide comparative study. 
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I. INTRODUCTION 

Data visualization has become a crucial aspect in effectively understanding and interpreting large amounts of 

data generated by organizations daily. With the increasing amount of data available on the web, it has become 

challenging for users to make sense of this vast data. Data visualization uses computer-generated graphical 

representations to make data originating from various sources easily accessible and understandable, allowing 

decision-makers to analyze the data in a visual form. This enables them to identify patterns, comprehend 

information, and make informed decisions. Additionally, data visualization is also known as information 

visualization or scientific visualization and has been used by humans for centuries to convey messages and 

preserve information. It allows people to represent things that cannot be touched, smelled, or tasted, in a visual 

form.  

Data visualization and decision-making  

Data visualization tools are used to present data in an interactive and engaging way, making it easier for users to 

explore, analyze, and make sense of large amounts of data. This process enables decision-makers to see analytics 

in visual form, which makes it easy for them to identify patterns, comprehend information, and form an opinion. 

In decision making, data visualization can be used to:   

a) Identify patterns and trends in data: Data visualization tools allow users to quickly identify patterns and 

trends in data that may not be immediately apparent when looking at raw data. This can be useful in identifying 

areas of improvement or potential opportunities.  

b) Communicate data effectively: Data visualization tools can help to communicate data effectively, making it 

easier for decision-makers to understand and interpret the data. This can be especially important when 

communicating data to non-technical stakeholders.  

c) Identify outliers and anomalies: Data visualization tools can help to identify outliers and anomalies in data, 

which can be important in identifying potential errors or areas for further investigation.  

d) Identify the relationships between variables: Data visualization tools can be used to identify relationships 

between variables, which can be useful in identifying cause-and-effect relationships and predicting future 

outcomes.  

e) Comparing data across different dimensions: Data visualization tools can be used to compare data across 

different dimensions, which can be useful in identifying areas of improvement or potential opportunities. 
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f) Identifying data-driven insights: Data visualization tools can be used to identify data-driven insights, which 

can be used to inform decision-making and drive business strategy. 

II. VISUALIZATION TOOLS 

Data visualization using Libraries  

Data visualization can be done either by using libraries or different business intelligence software. There are 

many visualization libraries available, each with their own strengths and weaknesses. Some popular options 

include: 

a) Matplotlib: A powerful, flexible plotting library for Python. It can be used to create a wide variety of plots, 

including line plots, scatter plots, bar plots, and histograms. 

 

Figure 2.1: Scatter plot using matplotlib (ref : scipython.com) 

b) Seaborn: A library for creating statistical graphics in Python. It is built on top of Matplotlib and provides a 

more user-friendly interface for creating plots. 

 

Figure 2.2: Heatmap using seaborn (ref : seaborn.pydata.org)  

c) Plotly: A library for creating interactive, web-based plots. It can be used to create line plots, scatter plots, bar 

plots, and more, and supports a wide variety of options.  
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Figure 2.3: Line chart using Plotly (ref : stackoverflow.com) 

d) ggplot2: A plotting library for R, similar to Matplotlib and Seaborn. It is based on the "Grammar of Graphics" 

and allows for the creation of complex, layered plots. 

 

Figure 2.4: Graphics using ggplot2 (ref : tidyverse.com) 

e) D3.js: A JavaScript library for creating interactive, web-based data visualizations. It is often used to create 

complex, interactive visualizations that can be embedded in web pages. 

 

Figure 2.5: Radial chart using D3js (ref :stackoverflow.com) 
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f) Highcharts: It is a JavaScript library for creating interactive, web-based data visualizations. It supports a 

wide variety of chart types and has a large user community. 

 

Figure 2.6: Bar graph using highcharts (ref : highcharts.com) 

Data visualization using BI tools 

Data visualization softwares are more user-friendly and interactive than libraries . It allows for drag-and-drop 

creation of visualizations, and has a wide variety of pre-built chart types that can be easily customized. These 

softwares also have built-in support for connecting to various data sources, including Excel and SQL databases, 

and has advanced features such as mapping, forecasting, and data blending. In contrast, plotting library 

requires more coding and has a steeper learning curve. It is also more geared towards creating static 

visualizations, whereas softwares are more focused on interactive, real-time data exploration. Some widely 

used visualization software are: 

a) Tableau:  

It is a data visualization and business intelligence tool that allows users to connect to various data sources, 

analyze and visualize data, and create interactive dashboards and charts. With its user-friendly interface and 

drag-and-drop functionality, Tableau makes it easy for anyone to create professional-looking visualizations and 

insights, regardless of their technical skill level. Tableau is used for a wide range of purposes, including: 

Data Exploration: Tableau allows users to easily explore and visualize data from various sources, helping them 

to identify trends, patterns, and insights. Data Storytelling: Tableau's interactive dashboards and charts make it 

easy to communicate complex data insights to others, whether in presentations, reports, or on the web. 

Data Analysis: Tableau provides advanced analytics features, such as forecasting and clustering, that allow 

users to perform in-depth data analysis and uncover insights that would not be immediately apparent from raw 

data. 

Dashboard Creation: Tableau's drag-and-drop interface makes it easy to create custom dashboards that bring 

together data from multiple sources and display it in a visually compelling way. Data Governance: Tableau 

provides security and data governance features, such as role-based access control, that allow organizations to 

control access to sensitive data and ensure that it is used appropriately. 
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Figure 2.7: Dashbaord by tableau (ref : tableau.com) 

b) Power BI 

It is a business intelligence and data visualization tool developed by Microsoft. It enables users to connect to 

various data sources, create interactive dashboards and reports, and visualize data in a way that is easily 

understandable. Power BI provides pre-built charts and visualizations, as well as the ability to create custom 

visualizations. It supports collaboration among multiple users and allows for mobile access to reports and 

dashboards. Power BI is widely used by businesses of all sizes to improve their data-driven decision-making 

processes and gain insights from data. It provides seamless connectivity to multiple data sources, making it 

easy for users to access and analyze data from a variety of sources. 

 

Figure 2.8: Dashboard by Power BI (ref: syskit.com) 
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c) Qliksense :  

It is a business intelligence and data visualization tool developed by Qlik. It is designed to help organizations 

turn data into insights and drive data-driven decision making. QlikSense provides a range of features that set it 

apart from other BI tools, including: Associative Engine: QlikSense uses an associative engine that allows users 

to explore and analyze data from multiple sources in an intuitive and flexible way. This engine automatically 

suggests relevant data and insights based on user selections, making it easy for users to uncover hidden 

relationships and insights in their data. Self-Service Analytics: QlikSense provides a self-service analytics 

environment, allowing business users to create and share insights and visualizations without the need for IT 

support Collaboration: QlikSense provides a range of collaboration features, including the ability to share 

insights and visualizations with others, as well as the ability to work together on data-driven projects. 

Customizable: QlikSense provides a range of customization options, including the ability to create custom 

extensions and custom data connectors, making it possible to tailor the tool to meet the specific needs of 

different organizations. Scalable: QlikSense is designed to scale to meet the needs of organizations of all sizes, 

from small businesses to large enterprises. 

 

Figure 2.9: Interactive visualization by QlikSense (ref: climber.eu) 

In summary, QlikSense is a powerful and flexible business intelligence tool that sets itself apart with its 

associative engine, self-service analytics, collaboration features, customization options, and scalability. 

d) Alteryx  

It is a data analytics and business intelligence platform that provides a wide range of data preparation, data 

blending, and advanced analytics capabilities. It is designed to help organizations make data-driven decisions 

and uncover insights from complex data sets. Bain and Company are one of the leading consulting companies 

which uses Alteryx. Alteryx is unique in several ways: Easy-to-Use Data Preparation: Alteryx provides a user-

friendly interface and a wide range of data preparation tools that make it easy for business users to clean, 

transform, and shape their data in preparation for analysis. Advanced Analytics: Alteryx provides a range of 

advanced analytics capabilities, including predictive modeling, spatial analysis, and machine learning, making it 

possible to uncover deeper insights from complex data sets. Integration: Alteryx integrates with a wide range of 
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data sources, including databases, cloud-based data sources, and big data platforms, making it easy for 

organizations to bring together data from multiple sources and analyze it in a single platform. 

 

Figure 2.10: Data blending using Alteryx (ref : Community.alteryx.com ) 

III. APPLICATIONS 

Data visualization is applied across a wide range of industries, including business, healthcare, education, and 

government. By visualizing data, organizations can identify patterns, trends, and relationships in their data that 

might not be easily noticeable in raw data form. Data visualization can help organizations make more informed 

decisions, improve communication and collaboration, and provide insights into complex data sets. With the 

increasing volume and complexity of data, data visualization is becoming more important as a way to gain 

insights from data and improve decision-making processes. 

Finance and banking: Business Intelligence (BI) plays a crucial role in the finance industry, helping 

organizations to make informed decisions based on data-driven insights. The following are some of the 

keyways in which BI is used in finance. BI tools can be used to analyze historical data and identify trends, which 

can help organizations to create more accurate budgets and forecasts. They can be used to analyze financial 

performance metrics, such as revenue, expenses, and profitability, to help organizations identify areas for 

improvement. They can also be used to analyze investment data and make informed decisions about where to 

allocate resources and which investments to make. 

Healthcare: Data visualization tools play a critical role in the healthcare industry by helping healthcare 

professionals make informed decisions based on data-driven insights. The following are some of the key 

applications of data visualization in healthcare. Visualization tools can be used to analyze patient data, such as 

demographic information, medical history, and treatment outcomes, to identify patterns and trends. They can 

be used to analyze public health data, such as disease incidence and mortality rates, to help health authorities 

understand the spread of diseases and plan effective public health interventions. They can also be used to 

analyze quality improvement data, such as patient satisfaction scores and adverse event rates, to help 

healthcare organizations identify areas for improvement and implement effective quality improvement 

strategies. 
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IT: Business Intelligence (BI) has become increasingly important in the IT industry as organizations seek to 

make informed decisions based on data-driven insights. The following are some of the key applications of BI in 

IT. BI tools can be used to monitor and analyze IT infrastructure and operations data, such as server utilization, 

network performance, and software usage, to help organizations optimize their IT systems and improve service 

delivery. They can be used to monitor and analyze cybersecurity data, such as intrusion detection logs, to help 

organizations identify and respond to security threats. They can also be used to monitor and analyze software 

development metrics, such as code quality, bug reports, and development cycle times, to help organizations 

identify areas for improvement and optimize their software development processes. 

Consulting: BI plays a critical role in consulting by helping consultants to effectively communicate data-driven 

insights to clients. The following are some of the key applications of data visualization in consulting. Data 

visualization tools can be used to create interactive, visually engaging dashboards and reports that help 

consultants to effectively communicate data-driven insights to clients. They can be used to analyze market 

research data, such as customer demographics, market trends, and competitor analysis, to help consultants 

understand market conditions and make informed recommendations to clients. They can also be used to 

analyze operational data, such as supply chain performance, production efficiency, and quality control, to help 

consultants identify areas for improvement and make informed recommendations to clients. 

IV. CHALLENGES 

Business Intelligence (BI) tools have become increasingly popular in recent years as organizations seek to make 

data-driven decisions. However, there are several challenges that organizations face when implementing and 

using BI tools, including: 

a) Data Quality: BI tools are only as effective as the quality of the data they rely on. Poor data quality, such as 

missing values, incorrect values, and inconsistent data, can result in incorrect insights and poor decision-

making 

b) Data Integration: Integrating data from multiple sources can be a complex and time-consuming process, 

especially when dealing with large amounts of data. Data integration challenges include data mapping, data 

cleansing, and data transformation. 

c) Data Governance: Ensuring the accuracy and consistency of data across multiple sources can be challenging, 

especially in large organizations with multiple data owners. Implementing effective data governance policies 

and procedures is critical to ensure the quality of the data used by BI tools. 

d) User Adoption: Successfully implementing BI tools requires widespread user adoption, and users must be 

trained on how to use the tools effectively. Ensuring that users have access to the data and insights they need to 

make informed decisions can be a challenge. 

e) Data Quality: BI tools are only as effective as the quality of the data they rely on. Poor data quality, such as 

missing values, incorrect values, and inconsistent data, can result in incorrect insights and poor decision-

making. 

f) Data Quality: BI tools are only as effective as the quality of the data they rely on. Poor data quality, such as 

missing values, incorrect values, and inconsistent data, can result in incorrect insights and poor decision-

making. 

g) Data Privacy and Security: Protecting sensitive data is a critical concern, especially when dealing with 

personal or confidential information. Ensuring that BI tools comply with data privacy and security regulations 

and guidelines is a significant challenge. 

In conclusion, implementing and using BI tools effectively requires organizations to overcome a range of 

technical and operational challenges. Addressing these challenges effectively requires a commitment to data 

quality, user adoption, and effective data governance policies and procedures. By overcoming these challenges, 

organizations can realize the full benefits of BI and make data-driven decisions that drive business success. 

V. CONCLUSION 

Data visualization tools have come a long way in recent years, but there is always room for improvement. Here 

are some ways in which data visualization tools can be improved in the future. 
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Artificial Intelligence and Machine Learning: Integrating AI and machine learning capabilities into data 

visualization tools can help automate the process of creating visualizations, reducing the time and effort 

required to create complex visualizations. 

Natural Language Processing: Implementing NLP capabilities into data visualization tools can help users 

create visualizations simply by asking questions in natural language. 

Virtual and Augmented Reality: Integrating virtual and augmented reality capabilities into data visualization 

tools can help create immersive, interactive visualizations that allow users to explore data in a more intuitive 

and engaging way. 

Cross-platform Integration: Improving cross-platform integration between data visualization tools and other 

business intelligence tools, such as data warehousing and reporting tools, can help organizations to more 

effectively integrate data visualization into their overall data strategy. 

Improved Collaboration: Improving collaboration capabilities within data visualization tools can help teams 

to work together more effectively, share insights, and make data-driven decisions. 

Increased Accessibility: Making data visualization tools more accessible to a wider range of users, including 

those with disabilities, can help organizations to more effectively leverage the power of data visualization to 

drive business success. 

In conclusion, the future of data visualization is promising, and there are many opportunities to improve data 

visualization tools to make them more powerful, intuitive, and accessible. By leveraging the latest technologies, 

such as AI, NLP, and virtual and augmented reality, data visualization tools can help organizations to more 

effectively harness the power of data to drive business success. 
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