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1. INTRODUCTION 
Data visualization is constantly changing as a developing 

field of data science. The amount of data loaded into data 
stores and flow rates contribute greatly to this rapid change 
[1]. In the contemporary data-driven business landscape, 
visualization tools are integral to facilitating decision-making 
processes that directly influence the considerable revenues of 
various industrial enterprises, thereby underscoring their 
critical importance in both academic research and industry 
applications. Because the transformation of abstract data into 
physical images (length, location, shape, color, etc.) is 
achieved through visualization [2]. Data-driven solutions that 
will be carried out in analytical processes related to data 
received from smart cities, smart systems, web-based systems 
and wireless sensors in today's technology world, which 
operates with the production and consumption [3] of such 
abstract data, are seen as an important field of study in the 
future [4], [5]. Since the data produced on these platforms is 
within the scope of big data [6], it is necessary to work with a 
structure where the data is constantly updated. For this reason, 
the data is structured and analyzed first. Artificial intelligence-
supported intelligent systems can be used to collect data and 

provide meaningful inferences. In addition, appropriate 
mechanisms are applied to detect anomalies in the visualized 
information [7].  

When we look at the studies in the field of data 
visualization, it is seen that various visualization libraries are 
used. However, there is no specific standard for which 
libraries to be used in which situations. This article seeks to 
address the gap in existing literature by examining 
visualization libraries across various programming languages, 
emphasizing their advantages and limitations in the context of 
specific use cases. For this purpose, it is aimed to guide the 
library and purpose matching in future visualization studies by 
classifying the visualization libraries according to their years 
and usage purposes. As far as we are aware, no such study has 
been conducted previously. The process from obtaining the 
data to producing the image outputs is shown in Figure 1 
below. The first step is carried out by analyzing the raw data 
from different sources. The data that needs to be worked on is 
filtered and sorted out from the prepared data. After matching 
the data to be focused on with each other with meaningful 
relationships, the image data is produced by processing the 
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geometric data obtained on the graph. These processes can 
also be used as a common workflow that can be used in all 
data visualization steps [8], [9], [10].  

This study consists of four main parts. In Section 2, data 
visualization tools/libraries that are used extensively in 
programming languages are presented. Comparisons of the 
advantages and disadvantages of these tools are also presented 
in tables. In Section 3, the findings from the literature review 
with application examples of visualization tools are presented. 
In Section 4, the analysis of visualization tools and possible 
future directions are presented and discussed. 

2. DATA VISUALIZATION TOOLS 
 
This section discusses libraries used for visualization 

based on programming languages. Visualization libraries are 

used in industrial/academic fields and continue to be 

developed depending on the changing data structure. It is seen 

in the literature that visualization libraries are applied in very 

different disciplines such as health, economy, finance, cyber 

security [11], social media, and construction [12]. It can be 

used to analyze social networks [13] within the scope of big 

data, as well as for real-time modeling [14]. Visualization 

libraries in programming languages used in visualization 

processes are shown in Figure 1. On the other hand, studies 

are also being carried out to realize solutions related to all 

these steps with generative artificial intelligence [15]. 

Interactive visualization with generative artificial intelligence 

is one of these areas [16]. 

 

2.1. Javascript Based Tools 
 

When we look at the studies conducted in the field of data 

visualization, there are many tools based on programming 

languages. These languages include JavaScript, R, Python, 

Java, Scala, Perl, Julia. The overwhelming majority of 

programming language-based visualization tools, particularly 

those that are most commonly used, are built on JavaScript. 

For this reason, tools based on JavaScript will be presented 

first in this section. JavaScript allows users to design their 

charts and graphs flexibly by processing raw data with their 

own style of code, but these design steps can be time-

consuming for those new to programming languages. Some 

visualization tools are integrated with JavaScript, whereas 

others rely on programming languages like Python, Java, PHP 

and R. Visualization libraries in JavaScript are explained 

below. 

 

 

 

 

 

 

 

 

  

Figure 1. Distribution of graphics libraries by programming languages 
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TABLE 1 Javascript graphics libraries 

 

References Year Tool Features Advantages Disadvantages 

[17] 2002 FusionCharts 
Basic chart types, indicators, maps, 
custom visualization features 

Rich chart options, easy 
integration 

Paid license, some 
features limited 

[18] 2004 Dojo 
Charts, form elements, animations, data 

management 

Versatile library, wide range of 

features 

Performance issues 

with large data sets 

[19], [20] 2005 Prototype.js 
DOM manipulation, AJAX, form 
elements 

Simple DOM manipulation, 
good performance 

Limited chart and 
visualization support 

[21] 2006 MooTools 
Charts, animations, form elements, data 

management 

Flexible and extendable, modern 

API 

More complex 

configuration 

[22] 2009 Protovis Line charts, stacked bar charts, pie charts 
Powerful data visualization, open 

source 

Limited modern 
features, less up-to-

date 

[23] 2009 ZingChart 
Various chart types, maps, network 
graphs, custom visualization features 

Wide chart types, strong 
customization 

Paid license, some 
features limited 

[24] 2010 Flot Basic chart types (line, bar, area, etc.) Simple to use, good performance 
Limited chart types 

and customization 

[25] 2011 D3.js 
Data visualization, animations, 

interactive charts, maps, network graphs 

High customization, large 

community support 

Learning curve, 

complex configuration 

[26] 2013 Chart.js 
Basic chart types (line, bar, pie, radar, 

etc.) 
Easy to use, lightweight 

Fewer customization 

options 

[26] 2013 EChart.js 
Various chart types, maps, network 

graphs, custom visualization features 
Strong chart features, extensible 

Performance 
limitations with large 

data sets 

[27] 2014 C3.js 
Built on D3.js, provides a simple API 
interface, line charts, bar charts, pie 

charts 

Simple API, D3.js support 
Does not support all 

D3.js features 

[28] 2015 Vega 
Data visualization, declarative charts, 

interactive charts, customization 
Modern API, strong interaction 

Learning curve, some 

performance issues 

[29] 
2010 Highcharts Interactive charts (line, bar, pie, scatter, 

etc.), 3D charts, maps 

Easy to integrate, rich features, 

good documentation 

Paid license for 

commercial use 

2.1.1. Protovis 
 

Protovis enables the creation of custom data visualizations 
using basic markers such as bars and dots. It defines these 
markers through dynamic properties that represent the data, 
and incorporates inheritance, scales, and layouts to streamline 
the structure. Protovis is free and open-source, licensed under 
the BSD License. It utilizes JavaScript and SVG for web-
based visualizations, requiring no plugins, though a modern 
web browser is necessary. Protovis is no longer in active 
development. The last version of Protovis was v3.3.1. The 
Protovis team has been developing the visualization library 
D3.js since June 28, 2011. D3 is based on many concepts from 
Protovis [22], [30], [31]. 

2.1.2. D3.js 
 

D3.js is an open-source JavaScript library that combines 
HTML and CSS techniques to create dynamic, interactive data 
visualizations [32]. It leverages HTML, CSS, and SVG to 
generate visual representations of data, accessible in any 
browser. Moreover, the study [30] detailing the development 
of D3 demonstrates that it outperforms Protovis, achieving at 
least twice the speed in performance benchmarks. The D3.js 
website provides numerous examples, which can either 
inspire users to create their own visualizations or be used 
directly as templates [33]. 

2.1.3. Chart.js 
 

Chart.js, launched in 2013, is an open-source library 

licensed under the MIT license and is actively maintained by 

a dynamic community. It includes built-in TypeScript support 

and is compatible with major JavaScript frameworks, such as 

React, Vue, Svelte, and Angular. The library is well-suited for 

handling large datasets, which can be efficiently retrieved in 

its native format, eliminating the need for data parsing and 

normalization. Alternatively, users can configure data 

sampling to reduce the size of the dataset before rendering 

[34]. In one paper, the JSTrace application designed to 

identify error sources in web applications evaluated Chart.js 

as the JavaScript library with the fewest errors [35]. 

 

2.1.4. Dojo 
 

It is an open source, modular JavaScript library, launched 

in 2004, designed for developing cross-platform Ajax-based 

applications and websites [36]. Dojo's components, known as 

widgets, combine HTML, JavaScript, and CSS. They provide 

a wide range of interactive features, including menus, tabs, 

tooltips, tables, dynamic charts, 2D and 3D vector graphics, 

and tree-like widgets with drag-and-drop functionality. 
A key feature of Dojo is its support for asynchronous 

communication between the browser and the server, a critical 
aspect of Ajax applications. Dojo provides an abstracted 
wrapper (dojo.xhr) for different web browser 
implementations, enabling seamless data communication 
between the client and server. This facilitates the storage of 
user input from forms on the server, with the server returning 
JavaScript code that dynamically updates the content of the 
page [37]. Additional capabilities of Dojo include both client- 
and server-side data storage, along with support for the Adobe 
Integrated Runtime (AIR) environment. The toolkit is 
officially supported by major companies such as IBM, Sun 
Microsystems (now Oracle), and Zend Technologies, the 
creators of PHP. 

2.1.5. Prototype.js 
 

The Prototype JavaScript framework was developed by 
Sam Stephenson in February 2005 to provide Ajax support for 
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Ruby on Rails. Typically implemented as a single JavaScript 
file, prototype.js, it is designed to simplify the development of 
dynamic web applications. Prototype, as an object-oriented 
framework, offers extensive support for Ajax, sophisticated 
programming components, and efficient DOM manipulation, 
thereby simplifying the process for developers to build 
interactive and responsive web interfaces [38], [39], [40]. 

 

2.1.6. Echart.js 
 

Echart.js is a JavaScript library for charting and data 

visualization, designed to create intuitive, interactive, and 

highly customizable charts. It can run on PC and mobile 

devices. It depends on ZRender, a charting engine. It is 

compatible with web browsers such as Safari, IE8-11, Firefox, 

Chrome, etc. It supports charting in ECharts, Canvas, SVG 

(v4.0+) and VML formats [41]. 

2.1.7. FusionCharts 
FusionCharts is a proprietary JavaScript library that 

integrates multiple technologies, including JavaScript and 

ActionScript 3.0. The library is compatible with a diverse 

array of devices, browsers, and platforms. It provides over 90 

unique chart types and more than 1,000 maps, covering 

regions from every continent. FusionCharts supports the 

processing of data in .xml and .json formats and allows users 

to export the generated charts in .jpg, .png, and .pdf file 

formats. Furthermore, its functionality can be extended 

through various official plugins and wrappers, enabling the 

integration of interactive charts into applications built with 

technologies such as JSP, PHP, jQuery, and Django [42]. 

2.1.8. C3.js 
C3 is a reusable D3-based charting library that enables the 

integration of charts into web applications [43]. C3 makes it 
easy to create D3-based charts by packaging the code required 
to create the entire chart. C3.js is a JavaScript library that 
enables the creation of visualizations through the use of 
HTML, SVG, and CSS. It proposals a vast  range of APIs and 
callbacks, allowing users to interact with and access the state 
of the chart [44]. 

2.1.9. Flot 
Flot is a JavaScript library for jQuery that emphasizes ease 

of use, customizable styling, and interactive chart features. It 
supports HTML5-based charts, leveraging Canvas and VML 
technologies. The library distinguishes the functional logic 
from the HTML structure, leveraging DOM elements to 
generate the charts. Flot includes pre-built components for 
four fundamental chart types: bar charts, line charts, point 
charts, and segment charts. Additionally, users can easily 
customize and extend these charts by modifying a wide array 
of configuration options [45]. 

2.1.10. ZingChart 
 

ZingChart integrates seamlessly with various frameworks 
such as Angular, React, jQuery, PHP, Ember, and Backbone 

within its JavaScript library, allowing for a declarative 
approach to chart creation and management. ZingChart 
supports over 35 chart and model types. It allows users to 
export visualization graphs in .png, .jpg, and .pdf formats. It 
offers integrated graph editing capabilities. It has a drill-down 
function where users can select a data element within the 
graph [23]. 

2.1.11. Vega 
 

Vega is a declarative language used to define, store, and 
share interactive visualization designs. With Vega, data 
visualizations are defined using a JSON style, allowing for the 
creation of interactive views through HTML5 Canvas or 
SVG.Vega-Lite, a higher-level language built upon Vega, 
enables the rapid creation of statistical graphs. [28]. If the 
working environment is Python instead of JavaScript, the 
Altair Python API is used for Vega-Lite [46]. 

2.1.12. Highcharts.js 
 

Highcharts.js is a powerful and flexible data visualization 
library for modern web applications. It can process large 
datasets efficiently, thanks to its robust feature set and high 
performance. Its ability to generate interactive graphs makes 
it widely applicable in the fields of data science and software 
development. 

 The library offers a wide range of graph types. It offers a 

wide range of data visualization opportunities, from basic line 

and bar charts to complex financial and geographic maps. The 

dynamic and interactive charts it offers, especially Highcharts' 

Highstock and Highmaps add-ons, offer special solutions in 

the fields of financial data analysis and geographic data 

visualization. Thanks to these features, it is ideal for large data 

analysis and global data sets. Its extensible API and 

customizable building blocks allow users to control every 

aspect of the charts in detail. In addition, thanks to its mobile-

friendly design and high-performance processing capabilities, 

it offers data visualizations seamlessly on every platform. 

Highcharts' commercial license model offers a suitable option 

for projects that require advanced features and support. These 

advantages make the library attractive for large-scale and 

commercial data visualization solutions [47]. 

 

2.2.  Tools Based on Other Programming Languages 
 

Besides JavaScript, there are a wide variety of data 
visualization tools and libraries available in other 
programming languages. There are widely used libraries in 
Java (Table 2), PHP (Table 3), R (Table 4), Julia (Table 5) and 
Python (Table 6), Scala, and Actionscript. These libraries are 
listed according to their production dates and the languages 
they belong to. Some of the most widely used libraries in 
different languages are described below. 
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TABLE 2 Java graphics libraries 

Ref Year Tool Features Advantages Disadvantages 

[48] 1996 TeeChart for Java Rich chart types, interactive 

visualization 

Wide variety of chart types, high 

performance 

Paid license, complex 

configuration 

[49] 2005 JChartFX Customizable charts, user-friendly 

interface 

Easy to use, good performance Limited customization options 

[50] 2008 JPlot Basic chart types, fast performance Lightweight and fast Few chart types and features 

[51] 2000 JFreeChart Wide range of chart types, good 
documentation 

Widely used, open-source, large 
community support 

Performance limitations with 
large data sets 

[52] 2003 JavaPlot Simple charts, mathematical 

functions 

Simple and lightweight Limited chart types and features 

[53] 2004 JChart2D 2D charts, fast performance Easy to use, fast rendering Limited chart types and 
customization 

[54] 2003 JGraphT Focused on graph theory, supports 

weighted graphs 

Strong graph theory processing, 

open-source 

Limited visualization support 

[55] 2004 JUNG Network analysis, various graph 
algorithms 

Comprehensive network analysis 
features 

Complex usage, limited 
visualization 

[56] 2005 Prefuse Data visualization, dynamic 

interactions 

Good visualization and interaction Inadequate documentation, 

complex configuration 

[57] 2007 JPlotter Basic 2D and 3D charts, speed Simple and fast Limited features and chart types 

[58] 2007 JMathPlot Mathematical charts, 2D drawings Suitable for mathematical data, 
easy to use 

Few chart types and 
customization options 

[59] 2008 JavaFX Rich user interfaces, 2D and 3D 

charts 

Modern interfaces, rich 

visualization 

Performance issues with large 

data sets 

[60] 2008 Jzy3d 3D charts, high performance Impressive 3D charts, fast 

rendering 

Complex configuration, learning 

curve 

[61] 2011 XChart Simple, lightweight charts Easy to use, low memory usage Few chart types and 

customization 

[62] 2012 Orson Charts 2D and 3D charts, high-quality 

rendering 

High-quality charts, flexible 

customization 

Smaller community support 

[63] 2013 MPAndroidChart Rich chart types, interactive 

features 

Optimized for Android 

applications 

Only available for the Android 

platform 

TABLE 3 

Php graphics libraries 

Ref Year Tool Features Advantages Disadvantages 

[64] 2004 PHPLot Basic 2D charts, various chart types Simple and lightweight, easy 

integration 

Limited chart types and 

customization 

[65] 2001 jpGraph Rich chart types, high customization Wide range of chart types, strong 

customization 

Paid license, complex configuration 

[66] 2005 pChart Dynamic charts, various data formats Strong visualization, good 

performance 

Learning curve, some features are 

paid 

[67] 2009 TeeChart 

PHP 

Wide range of chart options, 

interactive charts 

Wide variety of chart types, user-

friendly 

Paid license, complex configuration 

[68] 2009 Sparkline Small, minimalist charts Lightweight, fast rendering Limited chart types and features 

[69] 2008 Open Flash 
Chart 

Flash-based charts, interactive 
features 

Web-based interaction, various chart 
types 

Flash-based, limited mobile 
compatibility 

[70] 2001 JpGraph Rich chart types, high customization Wide range of chart types, strong 

customization 

Paid license, complex configuration 

TABLE 4  R graphic libraries 

Ref Year Tool Features Advantages Disadvantages 

[71] 2004 lattice Multiple 2D charts, multidimensional 

data 

Strong multidimensional data 

visualization 

Learning curve, sometimes 

complex configuration 

[72] 2008 rgl 3D charts, interactive visualization Interactive 3D visualization, powerful Performance issues with large 

data sets 

[73] 2011 latticeExtra Extra chart types, compatible with 

lattice 

Additional features for lattice charts More complex configuration 

[74] 2005 ggplot2 Grammar of Graphics, rich chart types Widely used, powerful customization Performance limitations with 

large data sets 

[75] 2010 googleVis Google Charts integration, interactive 

charts 

Web-based interaction, easy to use Dependency on Google 

services 

[76] 2013 plotly Interactive charts, multi-language 

support 

Rich interaction features, multi-

language support 

Paid plans and some features 

are limited 

[77] 2014 rCharts Various JavaScript libraries, 

interactive charts 

JavaScript integration, interactive 

charts 

Steeper learning curve, some 

features are paid 

[78], 

[79] 

2012 shiny Web app development, interactive data 

visualization 

Dynamic web applications, powerful 

interaction 

Performance issues with large 

data sets 

[80] 2014 circlize Circular charts, complex data 

visualization 

Advanced circular charts, 

customizable 

Complex configuration, 

learning curve 

[74] 2015 ggvis Interactive charts, Grammar of 

Graphics 

Interactive visualization, modern API Advanced features are limited, 

some performance issues 

[81] 2013 dygraphs Time series charts, interactive Strong time series visualization, 

interactive 

Customization options are 

limited 
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TABLE 5  Julia graphic libraries 

Ref Year Tool Features Advantages Disadvantages 

[82] 2015 Plots.jl Multiple backend support (GR, PyPlot, Plotly, 

etc.), interactive and static charts 

Easy to use, many backend supports, 

large user community 

Performance can be limited 

in some cases, limited 

features for complex charts 

[83] 2015 Gadfly.jl Uses the Grammar of Graphics approach, 

offers extensive data visualization capabilities 

Powerful and flexible, creates 

aesthetic charts 

Performance can be low in 

some cases, setup and 

configuration can be complex 

[84] 2018 Makie.jl 2D and 3D charts, high performance, 

interactive visualization 

High performance, a wide variety of 

chart types, interactive capabilities 

Learning and usage 

difficulty, potential library 

compatibility issues 

[85] 2017 VegaLite.jl Compatible with Vega-Lite, uses the Grammar 

of Graphics approach 

High customization, ability to create 

interactive charts 

Customization and 

performance limitations 

[86] 2016 UnicodePlots.jl Creates charts with ASCII and Unicode 

characters 

Lightweight, fast, terminal-based 

visualization 

Visually limited, lacks 

advanced chart features 

 

TABLE 6  Python graphics libraries 

Ref Year Tool Features Advantages Disadvantages 

[87] 2003 Matplotlib 2D charts, extensive customization options Strong community support, wide 

range of chart types 

Performance limitations, some 

features may be complex 

[88] 2004 Networkx Graph theory and network visualization Strong network analysis tools, well 

documented 

Not for general data 

visualization, network-focused 

[89] 2006 PyGraphviz Graph theory and network visualization, 

Graphviz interface 

Graphviz integration, strong network 

visualization 

Setup and dependencies may be 

complex 

[90] 2010 ggplot Grammar of Graphics approach, 2D charts Strong and aesthetic charts, easy to use Performance limitations, limited 

3D support 

[91] 2013 Glumpy Fast 2D and 3D charts, uses OpenGL High performance, interactive charts Difficult to use, limited 

community support 

[92] 2013 Plotly Interactive charts, multiple chart types Highly interactive, web-based 

visualization 

Limited features in free version 

[93] 2012 Seaborn Statistical data visualization, built on 

Matplotlib 

Aesthetic and understandable charts, 

easy to use 

Limited customization options, 

dependency on Matplotlib 

[94] 2012 Pygal Web-based SVG charts, easy to use Lightweight, aesthetic, and dynamic 

charts 

Limited chart types and 

customization options 

[95] 2013 Bokeh Interactive charts, large data support Web-based interactions, high 

performance 

May have a learning curve, 

complex setup 

[96] 2014 Vispy High-performance 2D and 3D charts, uses 

OpenGL 

Performance, large data, and 

interactive charts 

Learning curve, limited 

community support 

[97] 2015 Bqplot Interactive charts for Jupyter Notebooks Jupyter-compatible, interactive 
visualization 

Limited chart types, low 
community support 

[98] 2015 Cufflinks Integrated with Pandas DataFrames, Plotly-

based 

Integration with Pandas, interactive 

charts 

Limited customization, 

dependent on Plotly 

[99], 
[100] 

2014 Folium Map visualization, based on Leaflet.js Map-focused, web-based visualization Not for general data 
visualization, map-focused 

[101] 2016 Altair Declarative data visualization, based on 

Vega-Lite 

High-level API, aesthetic charts Limited 3D and interactive chart 

support 

[102] 2017 Missingno Missing data visualization, simple charts Specialized for missing data analysis 
and visualization 

Limited chart types, only for 
missing data analysis 

[103] 2016 Yellowbrick Machine learning visualizations, integrated 

with Scikit-learn 

ML model evaluation tools, easy to 

use 

Limited data visualization, ML-

focused 

[104] 2018 Plotnine Grammar of Graphics-based, similar to 
ggplot2 

Strong and aesthetic charts, ggplot2-
like in Python 

Performance limitations, some 
features missing 

[105] 2018 Pyvis Interactive network visualization, integrated 

with Networkx 

Easy interactive network graphs, good 

visualization 

Limited data types, performance 

limitations 

[106] 2014 Holoviews Interactive and large data visualization Easy to use, powerful interactive 
charts 

Performance limitations, learning 
curve 

[107] 2016 Datashader Optimized for large data visualization Fast large data visualization, effective 

rendering 

Limited interactivity, integration 

issues with other libs 

[108] 2012 Geopandas Geographic data visualization, Pandas-based Integration with geographic data, 
powerful features 

Not for general data 
visualization, geography-

focused 
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2.2.1. Gephi 
 

Gephi is a free, open-source software developed for the 
purpose of network visualization and analysis. It is developed 
in Java, utilizing the NetBeans platform. Gephi can display the 
spatialization process in real time. The default layout algorithm 
employed is ForceAtlas2, a continuous force-directed layout 
method. Users have the option to import .csv data files or 
directly input their data into the Gephi spreadsheet. The data 
file is structured into two sections: the edge table and the node 
table. Consequently, users must prepare and organize their data 
into these two components in advance. It supports up to one 
million edges and nodes. Once the data is imported, the 
visualization is automatic. Users can choose an algorithm 
(ForceAtlas, ForceAtlas2, Fruchterman Reingold, Noverlap, 
etc.) to analyze the network. The generated network graph can 
be exported directly in .svg or .pdf formats [25], [109], [110]. 

2.2.2. jpGraph 
 

jpGraph is an object-oriented library for creating graphs. If 
server-side graphs need to be generated, the library is ready to 
be used in any language. The library, which has free and paid 
(pro) versions, is based on PHP5 (versions above 5.1) and 
PHP7. It was written for PHP by Asbjørn Ulsberg. The 
commercial professional version of jpGraph supports 
additional chart types such as odometer, wind rose (a special 
diagram representing the distribution of meteorological data, 
wind speeds by class and direction, also known as a polar rose 
chart), and barcodes [111]. 

2.2.3. Matplotlib 
 

Matplotlib is an extensive library in Python used for 
generating static, animated, and interactive visualizations. 
Some of the visualization libraries written in Python include 
Plotly [112], Seaborn [113], Altair [114], Pygal [115], Bokeh 
[116], Gleam [117], and Matplotlib  [118]. Matplotlib allows 
you to visualize data interactively and prepare high-quality 
outputs suitable for publication. Both two-dimensional and 
three-dimensional charts can be produced. It is also a popular 
data visualization package that works well, including ipython 
shell, web application server, graphical UI toolkit, and Jupyter 
notebook [119], [120]. 

2.2.4. Folium 
 

Folium is a library for interactive map drawing based on 
leaflet.js module in JavaScript language, but performs data 
manipulation in Python. Folium simplifies the process of 
visualizing data manipulated in Python on an interactive leaflet 
map. The library offers several built-in tile sets from sources 
like OpenStreetMap, Mapbox, and Stamen, and it also supports 
custom tile sets using Mapbox or Cloudmade API keys. 
Additionally, Folium accommodates various textures, 
including image, video, GeoJSON, and TopoJSON formats 
[121]. It is built with simplicity, performance, and utility in 
mind. It is highly performant, has a user-friendly API, and can 
be enhanced with various plugins [99], [100]. 

2.2.5. GraphX in Spark 
Apache Spark is an open source library developed in Scala 

language that enables parallel processing on large data sets. 
Spark can run faster than Apache Hadoop in big data 
applications with its in-memory data processing feature. 

Therefore, it is possible to say that Spark's analytics engine can 
perform faster operations by keeping data in memory while 
processing instead of reading or writing data from disk. Apache 
Spark has various libraries for visualization, machine learning, 
and streaming operations. One of these libraries, GraphX, is a 
built-in library for graph analytics and graph parallel 
computing in Apache Spark [13], [122]. 

2.2.6. Plotly 
 

Developed by a company called Plotly Inc. It is a Python 
library designed for generating interactive visualizations. It is 
also a free and open source library compatible with JavaScript 
and R. Its source can be viewed on GitHub [123]. Plotly Inc. is 
a technology company specializing in the development of 
online data analytics and visualization tools. The company 
offers online tools for graphing, analytics, and statistics, along 
with scientific graph libraries for various programming 
languages including Python, R, MATLAB, Perl, Julia, 
Arduino, and REST [76]. 

2.2.7. Prefuse 
 

Prefuse is a Java-based tool for creating interactive 

information visualization applications. It supports a rich feature 

set for data modeling, visualization, and interaction. It provides 

support for tables, graphs, trees, animation, dynamic queries, 

integrated search and database connectivity, and optimized 

data structures. It is written in Java 1.4 using the Java 2D 

graphics library. It can be easily integrated into Java Swing 

applications or web applications. Prefuse is a product of the UC 

Berkeley Visualization Lab and is licensed under the terms of 

the BSD license. It may be used freely for both commercial and 

non-commercial purposes [124]. 

2.2.8. Flare 
 

Flare is an ActionScript-based visualization library, built on 
the Prefuse framework, designed to create a diverse range of 
interactive visualizations that operate within the Adobe Flash 
Player. Flare, developed by the UC Berkeley Visualization 
Lab, is an ActionScript 3-based toolkit designed to support data 
management, visual coding, animation, and interaction 
techniques [125]. It enables the creation of a wide range of 
visualizations, from basic tables and charts to intricate 
interactive graphics [126]. Created by Jeff Heer, Flare is used 
to produce everything from simple charts and complex 
animations to network diagrams, tree maps, and more.  

2.2.9. Weave 
 

The Web-based Analysis and Visualization Environment 
offers a range of visualization tools that enable users to rapidly 
and effectively expand their analysis. It is open sourced by the 
OIC (Open Indicators Consortium). It is maintained in 
partnership with the Institute for Visualization and Perception 
Research (IVPR) at the University of Massachusetts Lowell. 
Weave is designed to enable users to analyze, visualize, and 
disseminate data and indicators at geographically nested levels, 
from anywhere, at any time [127] [128]. It presents data in 
multiple formats as an intuitive application. This feature 
enables users to easily observe the relationships between 
datasets. When a user selects a data value in one of the 
visualization windows, the corresponding value is highlighted 
on the map, as well as in other tables and visualizations. Users 
can also incorporate additional data, access a range of tools, 
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and save Weave sessions for future use or sharing with other 
users [129], [130]. 

2.2.10. Ggplot2 
 

Ggplot2 is an open-source R language software package for 
statistical data visualization and graphics. It is grounded in the 
concepts of the "Grammar of Graphics [131]," a framework 
developed by Hadley Wickham. This approach defines the 
building blocks of data visualization and makes the graphic 
creation process modular and reusable. Graphics are a 
combination of components such as aesthetics (aes), geoms, 
stats, coordinates, and facets in ggplot2 [132]. 

2.2.11. Seaborn 
 

Seaborn is a highly influential data visualization library in 

the Python ecosystem, playing a key role in the visualization of 

statistical analysis. It is built on top of Matplotlib and offers a 

high-level API that facilitates the creation of more complex and 

aesthetically superior plots. It provides comprehensive tools for 

deep understanding of the internal structure and relationships 

of data sets. Functions such as pairplot, heatmap, violin plot 

provide advanced capabilities for multidimensional data 

analysis and pattern discovery. Since pairplot allows 

multidimensional visualization of relationships and 

distributions between variables, it provides a critical advantage 

in modeling and anomaly detection processes. The heatmap 

function is used to visualize dense data structures such as 

correlation matrices, allowing visual analysis of relationships 

between data [133]. 

2.2.12. Ggvis 
 

ggvis is a library that can create interactive and dynamic 

graphics among the data visualization tools in the R language. 

While ggvis is built on the Grammar of Graphics [131] 

principles established by ggplot2, it enhances the visualization 

functions by making them interactive, enabling users to engage 

with the data in real time. The ability to integrate with shiny 

[79] offered by ggvis provides a great advantage in web-based 

data analysis and visualization applications. In addition to 

creating interactive graphics in data visualization processes, it 

offers a powerful API that supports user interactions and 

dynamic data updates. ggvis's high-performance and fast 

graphics using WebGL and SVG technologies in the 

background provide a significant performance advantage when 

working with large data sets. The dynamic features of ggvis 

offer data scientists the ability to explore the internal structure 

of datasets and conduct more detailed analysis by receiving 

immediate feedback during decision-making. This makes ggvis 

a powerful tool, particularly for exploratory data analysis and 

user-focused data visualization projects [74]. 

 

 

TABLE 7 Types supported by visualization libraries 

Library Bar Line Pie Radar Scatter Bubble Heatmap 3D Other Graphic Types WebGL 

Support 

FusionCharts ✔ ✔ ✔ ✔ ✔ ✔ ✔ ✔ Fuzzy Charts, Fast Data Visualization ✔ 

Dojo ✔ ✔ ✔ ✔ ✔ ✔ ✔ ✔ Conditional Labeling ✔ 

Prototype.js ✔ ✔ ✔ ✔ ✔ ✔ ✔   Data Binding   

MooTools ✔ ✔ ✔ ✔ ✔ ✔ ✔   Animations   

Protovis ✔ ✔ ✔ ✔ ✔ ✔ ✔   Clustering, Hierarchy ✔ 

ZingChart ✔ ✔ ✔ ✔ ✔ ✔ ✔ ✔ Fast Data Binding ✔ 

Flot ✔ ✔ ✔   ✔ ✔ ✔   Live Data Loading   

D3.js ✔ ✔ ✔ ✔ ✔ ✔ ✔ ✔ Network Charts, Maps ✔ 

Chart.js ✔ ✔ ✔   ✔ ✔ ✔   Innovative Animations   

ECharts ✔ ✔ ✔ ✔ ✔ ✔ ✔ ✔ Map Visualization ✔ 

C3.js ✔ ✔ ✔   ✔ ✔ ✔   Hierarchical Data   

Vega ✔ ✔ ✔ ✔ ✔ ✔ ✔ ✔ Conditional Data Visualization ✔ 

Plots.jl ✔ ✔ ✔ ✔ ✔ ✔ ✔   Conditional Data   

Gadfly.jl ✔ ✔ ✔ ✔ ✔   ✔   Conditional Data   

Makie.jl ✔ ✔ ✔ ✔ ✔ ✔ ✔ ✔ 3D, Interactive Data ✔ 

VegaLite.jl ✔ ✔ ✔ ✔ ✔ ✔ ✔   Conditional Data   

AlgebraicGraph.jl         ✔       Network Charts   

UnicodePlots.jl ✔ ✔ ✔   ✔       Time Series   

Plots.jl ✔ ✔ ✔ ✔ ✔ ✔ ✔   Conditional Data   

Gadfly.jl ✔ ✔ ✔ ✔ ✔   ✔   Conditional Data   

Makie.jl ✔ ✔ ✔ ✔ ✔ ✔ ✔ ✔ 3D, Interactive Data ✔ 

VegaLite.jl ✔ ✔ ✔ ✔ ✔ ✔ ✔   Conditional Data   

AlgebraicGraph.jl         ✔       Network Charts   

UnicodePlots.jl ✔ ✔ ✔   ✔       Time Series   

lattice ✔ ✔ ✔ ✔ ✔   ✔   Conditional Data   

rgl ✔ ✔ ✔   ✔     ✔ 3D, Interactive Data ✔ 

latticeExtra ✔ ✔ ✔   ✔       Conditional Data   

ggplot2 ✔ ✔ ✔ ✔ ✔ ✔ ✔   Conditional Data   

googleVis ✔ ✔ ✔ ✔ ✔ ✔ ✔   Map Visualization   

plotly ✔ ✔ ✔ ✔ ✔ ✔ ✔ ✔ 3D, Map Visualization ✔ 

rCharts ✔ ✔ ✔ ✔ ✔ ✔ ✔   Map Visualization   

shiny ✔ ✔ ✔   ✔       Real Time Data   
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circlize ✔ ✔ ✔   ✔       Pie Charts   

ggvis ✔ ✔ ✔ ✔ ✔ ✔ ✔   Conditional Data   

dygraphs ✔ ✔ ✔   ✔   ✔   Time Series   

TeeChart for Java ✔ ✔ ✔ ✔ ✔ ✔ ✔ ✔ 3D, Network, Hierarchy ✔ 

JChartFX ✔ ✔ ✔ ✔ ✔ ✔ ✔   3D, Fast Data ✔ 

JPlot ✔ ✔ ✔ ✔ ✔ ✔ ✔   Conditional Data   

JFreeChart ✔ ✔ ✔ ✔ ✔ ✔ ✔   3D, Network, Hierarchy   

JavaPlot ✔ ✔ ✔   ✔ ✔     Conditional Data   

JChart2D ✔ ✔ ✔   ✔       Conditional Data   

JGraphT         ✔       Network Chart Types   

JUNG         ✔       Network Chart Types   

Prefuse ✔ ✔ ✔ ✔ ✔ ✔ ✔   Conditional Data   

JPlotter ✔ ✔ ✔   ✔       3D, Animation   

JMathPlot ✔ ✔ ✔   ✔       Hierarchy Visualization   

JavaFX ✔ ✔ ✔ ✔ ✔ ✔ ✔ ✔ 3D, Network, Hierarchy ✔ 

Jzy3d ✔ ✔ ✔   ✔   ✔ ✔ 3D, Fast Data ✔ 

DynamicReports ✔ ✔ ✔ ✔ ✔ ✔     Conditional Data   

XChart ✔ ✔ ✔   ✔       Conditional Data   

Orson Charts ✔ ✔ ✔   ✔     ✔ 3D, Fast Data ✔ 

MPAndroidChart ✔ ✔ ✔   ✔ ✔ ✔   Fast Data, Real Time   

Matplotlib ✔ ✔ ✔ ✔ ✔ ✔ ✔   Conditional Data   

Networkx         ✔       Network Charts   

PyGraphviz         ✔       Network Charts   

ggplot ✔ ✔ ✔ ✔ ✔ ✔ ✔   Conditional Data   

Glumpy ✔ ✔ ✔   ✔     ✔ 3D, Fast Data ✔ 

Plotly ✔ ✔ ✔ ✔ ✔ ✔ ✔ ✔ 3D, Map Visualization ✔ 

Seaborn ✔ ✔ ✔   ✔ ✔ ✔   Time Series   

Pygal ✔ ✔ ✔   ✔       Conditional Data   

Bokeh ✔ ✔ ✔ ✔ ✔ ✔ ✔   Map Visualization   

Vispy ✔ ✔ ✔   ✔     ✔ 3D, Interactive Data ✔ 

Bqplot ✔ ✔ ✔   ✔       Time Series   

Cufflinks ✔ ✔ ✔ ✔ ✔ ✔ ✔   Conditional Data   

Folium     ✔   ✔       Map Visualization   

Altair ✔ ✔ ✔ ✔ ✔ ✔ ✔   Conditional Data   

Missingno ✔ ✔ ✔   ✔   ✔   Data Cleaning   

Yellowbrick ✔ ✔ ✔   ✔       Machine Learning   

Plotnine ✔ ✔ ✔   ✔       Conditional Data   

Dexplot ✔ ✔ ✔   ✔       Time Series   

Pyvis         ✔       Network Charts   

Holoviews ✔ ✔ ✔ ✔ ✔ ✔ ✔   Conditional Data   

Datashader ✔ ✔ ✔   ✔       Big Data Visualization   

Geopandas     ✔   ✔       Map Visualization   

3. DATA ANALYTIC APPLICATION EXAMPLES 
In this section, studies using visualization libraries are 

examined. As seen below, these results are presented in Table 

8. When these studies are examined, it is seen that these 

visualization libraries are used in many different disciplines 

and for various purposes. Application articles have been 

produced in areas such as computer systems, web page design, 

web security, chemistry, astronomy, data science, smart 

systems, smart cities, biology, agriculture, microbiology, 

psychology, big data, network security, health, and mobile 

applications. It can be said that Python, R, and Julia tools have 

been used more intensively in these studies in recent years. It 

can also be seen that Java libraries are used for mobile 

applications.

TABLE 8. Application examples of visualization tools  

Ref. Date Library Application Field Conclusion 

[1] 2012 FusionCharts Mainframe performance analysis system The degree of regression has been improved to more than 97% 

correlation 

[2] 2011 
Dojo 

Dynamic tree menus and categorical 
classification 

Tree nodes can have dynamic effects such as adding, deleting, and 
dragging. 

[19] 2015 
Prototype.js 

Open online courses (MOOCs) and semantic web 

technologies 

A MOOC management system prototype powered by semantic 

technologies has been developed 

[20] 2011 MooTools Web security and digital rights management Development of anti-hotlinking framework 

[22] 2009 Protovis Data visualization Production of the Protovis tool 
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[23] 2022 
ZingChart 

Astronomy and astrophysics A system for finding the recorded flux at a particular sky position 

for X-ray observations. 

[24] 2014 
Flot 

Fusion science and remote control systems Remote access to a web-based user interface, solving the problem 

of high network latency 

[26] 2018 
EChart.js 

Web-based interactive visualization tools and 

visualization development frameworks 

Development of ECharts framework 

[27] 2019 
C3.js, D3.js 

Developing web-based applications for honeybee 

colony monitoring and data visualization 

Development of the Beemon system 

[28] 2017 Vega-Lite Interactive data visualization Evaluation of the visualization grammar Vega-Lite 

[29] 2017 Highcharts Visualization of micro video big data Visualizing micro video data with Highcharts 

[64] 2016 PHPLot Forecasting water levels, currents and waves for 

web-based information systems and coastal 
management 

Development of Jeddah CIS system 

[65] 2006 jpGraph Electronic logbook and experimental data 

management 

The web based logbook and run information interface  

[66] 2012 pChart Analysis and visualization of multivariate health 
data with geographic information systems 

Development of the web application Community Health Map 

[67] 2015 TeeChart PHP Water pollution control and environmental 

decision support systems (EDSS) 

Integration of EDSS environmental simulation models into the 

Beiyun River 

[68] 2015 Sparkline Smart grid data visualization and analysis of 
electrical grid data 

Effective visualization of large data sets with Sparklines 

[69] 2021 Open Flash 

Chart 

Genomic analysis Analyses on the Sorghum genome and transcriptome 

[70] 2012 JpGraph Graphical web presentation of thermochemical 
properties 

Two auxiliary functions have been developed for solving graphics 
courses with Jpgraph support. 

[48] 2018 TeeChart for 

Java 

Sentiment analysis and comparison of Lexicon-

based approach and Supervised Machine 
Learning approaches in analysis 

The accuracy of Urdu Sentiment Analyzer is 89.03% with 0.86 

precision, 0.90 recall and 0.88 F-measure 

[49] 2019 JChartFX Smart cities Drafting a suitable Enterprise Architecture (EA) for Mauritius 

Fire Rescue Services (MFRS) 

[50] 2019 JPlot Internet of Things (IoT) Images taken with Raspberry Pi Zero and Raspberry Pi Camera 
were processed with artificial neural networks (ANN) to estimate 

blood glucose levels with mean absolute error (10.37%) and 

Clarke Grid error (90.32% Region A). 

[62] 2016 JFreeChart Relational databases and tabular data 
 

Introduces a new software called Thoth that facilitates the 
visualization and analysis of data in various ways 

[52] 2012 JavaPlot Medical electronics and ECG analysis Non-linear transformations and artificial neural networks are used 

for ECG signal recognition and classification 

[53] 2014 JChart2D Examining the accuracy of SLOC (source lines of 
code) prediction models 

The prediction model provides the highest accuracy (average 
MMRE = 0.19 and average Pred(25) = 0.74) 

[54] 2022 JGraphT Protection against phishing threats Proposes a fake site detection method that checks domain 

similarity using the Levenshtein metric 

[55] 2009 JUNG Analysis of semantic networks Semantic network analysis with graphOnt library and JUNG 
framework 

[56] 2012 Prefuse Interactive visualization of academic research It offers an information visualization system developed using 

XML and Java. 

[57] 2019 JPlotter Analyze nonlinear constraint optimization 
problems 

Provides a visual representation of the evolution of the 
optimization process 

[58] 2015 JMathPlot Toxicity of nanomaterials Development of nano-QSAR modeling software 

[59] 2019 JavaFX Framework for forensic investigation of drone-
related crimes 

Framework for forensic investigation of drone-related crimes 

[60] 2017 Jzy3d Modelling flow dynamics in lowlands Development of Two-Scale Cellular Automation 

[61] 2023 XChart Operation and maintenance (O&M) processes of 

urban underground pipe networks 

It presents a mobile augmented reality (MAR) based visualization 

framework. 

[62] 2016 Orson Charts To query, display, visualize and analyze tablesal 
data stored in relational databases and data files 

It offers an easy-to-use data visualization and statistics software 
called Thoth 

[63] 2023 MPAndroidChart Collection of patient -induced health data 

(PGHD) and integration of these data into the 
hospital information system 

It provided easy integration of patient data by establishing a two-

way connection between the mobile application and the hospital 
information system via QR code. 

[71] 2009 lattice Represent biological data Generalized lattice –like graph approach 

[72] 2020 rgl Investigation of the structural features of open 

source software package ecosystems using 
complex network analysis (CNA) methods 

Complex network analysis tools provide an effective method for 

evaluating software package ecosystems. 

[73] 2024 latticeExtra Mapping of the water status of citrus gardens to 

determine field -based management zones in 

precision agriculture. 

By reliably estimating the spatial variability of water potential in 

orchards, scientifically based classification has been shown to be 

important for precise irrigation strategies and decision support 
processes. 

[74] 2024 ggplot2, ggvis Data visualization The developed VisAhoi library supports the creation of placement 

elements for different visualization types and datasets. 

[75] 2017 googleVis Modeling and analyzing the interactions between 
intestinal microbiota and its surroundings 

The developed compuGUT simulation tool offered an effective 
calculating approach to examine the intestinal microbiota 

dynamics 

[76] 2023 plotly Developing web -based interfaces in order to 
facilitate data visualization processes of users 

with limited programming knowledge. 

The developed web-based application allowed users to easily 
visualize data sets and analyze correlations between variables, 

providing an accessible and effective solution, especially for users 

with limited programming knowledge. 
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[77] 2022 rCharts Performing daily global solar radiation estimates 

for different cities in Europe and creating future 

projections according to climate change 

scenarios. 

Six different machine-learning algorithms were generally able to 

estimate global solar radiation with high accuracy. 

[78] 2024 shiny Developing an indicator panel that associates 

academic programs with career and income data 

Detailed explanation of how to program and publish a dashboard 

that correlates academic programs with career and income data 

using R and Shiny 

[80] 2022 circlize Analysis of the molecular structure of consumed 

carbohydrates 

An open-access database called the "Davis Food Glycopedia 

(DFG)" was created by determining the monosaccharide 

compositions of more than 800 foods commonly consumed in 
complementary foods and adult diets. 

[81] 2022 dygraphs Measurement and verification of building energy 

efficiency and energy savings 

A web application has been developed that continuously monitors 

and documents energy savings. 

[82] 2023 Plots.jl Modeling the growth dynamics of Bio-Film 

communities, biotechnology, environmental 

engineering, and microbial ecology 

A Julia-based software called Biofilm.jl was developed for 
simulation and analysis 

[84] 2024 Makie.jl Lithium-ion Battery (LIB) Research, Machine 

Learning (ML) Applications 

Evaluating the applicability of the Variational Autocoder (VAE) 

model helps identify dataset features for data preprocessing 
planning and discusses the interpretability of the ML model 

[86] 2024 UnicodePlots.jl Programming languages, scientific calculation, 

software engineering, performance analysis. 

Compares the potential of Julia and Rust languages in scientific 

computing 

[87] 2024 Matplotlib Artificial intelligence, health informatics, eye 

movement tracking, autism spectrum disorder 

(ASD) diagnosis, neurological disorders 

It offers an efficient, low-cost solution for ASD diagnosis using the 
Convolutional Neural Network (CNN) model. 

[88] 2023 Networkx Electricity transmission networks planning, 
network analysis 

It presents a methodology with the NetworkX library to reduce the 
number of connection options of electrical transmission 

networks.[17] 

[89] 2025 PyGraphviz Cybersecurity, malware analysis A new analysis technique is proposed for malware analysis using 

graph embedding networks. 

[90] 2018 ggplot Cyber security, malware detection (malware), 

graphic neural networks 

The detection model developed by combining deep neural network 

and graph embedding methods gives 97.7% accuracy, 96.6% 

sensitivity, 96.8% recall and 96.4% F1-score. 

[91] 2014 Glumpy Parallel Calculation, High Performance 

Calculation 

With the use of local memory, it aimed to improve performance by 

eliminating global memory access delay and analyzed the 

performance differences between local memory and global memory 
on eight different calculation devices. 

[92] 2024 Plotly The spread of sound waves, material science Provides information such as phase and group velocities, power 

flow angle, enhancement factors, and polarization vectors based on 

elastic moduli and density of the material with the Python code 

SEISMIC 

[93] 2024 Seaborn Psychology, Machine Learning (ML) Techniques Decision trees, random forests, gradient boosting, stochastic 

gradient boosting and XGBoost algorithms and their applications 
in psychology are explained and visualized in the Python 

environment. 

[94] 2020 Pygal Materials science, thermochemistry Converting data into thermochemical properties and performing 

thermodynamic analyses with the Python-based pMuTT 
(multiscale thermochemistry toolbox) software library 

[95] 2023 Bokeh Decision support systems, fuzzy cognitive 

mapping 

An open source web-based application called In-Cognitive has 

been developed using Bokeh, which guarantees solution 
convergence and is capable of performing Monte Carlo uncertainty 

analysis. 

[96] 2022 Vispy Structural analysis, modeling of historical 

structures 

The software, Cloud2FEM, has been developed as an open source 

Python-based tool that automatically generates finite element 
meshes (FEM) from point cloud data of historical and existing 

structures. 

[97] 2021 Bqplot Hydrology, water resources management, 
reservoir modeling and optimization 

Python-based tool called iRONS (Interactive Reservoir Operations 
Notebooks and Software) was developed for reservoir modeling 

and optimization. 

[98] 2022 Cufflinks Road safety, winter road maintenance 
management (WRM), data envelopment analysis 

A method to estimate road surface temperature using data 
envelopment analysis (DEA) and machine learning techniques is 

proposed to improve the effectiveness of winter road maintenance 

management (WRM). [18] 

[120] 2022 Folium Big data analytics, data visualization, exploratory 
data analysis (EDA) 

Data visualization and analysis techniques were examined with 
Python, and exploratory data analysis (EDA) methods were 

applied. [19,20] 

[100] 2021 Folium Human mobility analysis, social media data 
mining, big data analytics 

The spread of Covid-19 from China and neighboring East Asian 
countries to the world has been studied using real-time travel data 

from social media platforms. 

[101] 2022 Altair Hydrology and climate change, water resources 

management 

It shows that the Autocorrelation Function (ACF) method has the 

highest accuracy rate and especially the Boosted Decision Tree 
Regression (BDTR) model provides high R² values in all scenarios. 

[102] 2023 Missingno Network Security and intrusion detection, 

detection of DDoS attacks 

Random Forest algorithm showed the best performance with 97.6% 

accuracy rate, K-Nearest Neighbors (KNN) and Logistic 
Regression with 97% and 91.1% accuracy rate respectively. 
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[103] 2024 Yellowbrick Waste plastic management and energy production It shows that the Random Forest model exhibited the best 

performance on the test data, obtaining an R2 value of 0.941, an 

RMSE value of 14.69 and an MAE value of 8.66 

[104] 2021 Plotnine Heart rate (HR) detection and bioengineering The CWT (derivative Gaussian) method achieved superior results 
compared to MODWT-MRA, CWT (frequency B-spline) and 

CWT (Shannon) methods. 

[105] 2024 Pyvis Health data analysis, interactive visualization and 
data analytics 

Proposes a disease monitoring and impact analysis methodology 
based on 71,849 patients 

[106] 2024 Holoviews Genomic research and neuroscience Presented transcriptomic analysis of 5-HT receptors, revealing 

differential distribution and prevalence of each Htr subtype across 

cell classes 

[107] 2024 Datashader Proteomic data analysis and visualization An open source software package called AlphaRms has been 

developed to process high-resolution MS data. 

[108] 2023 Geopandas Human mobility analysis and data modeling Provides the open source Trackintel Python library for human 

mobility analysis that adapts to different tracking data types 

The integration capabilities of data visualization libraries 

are essential, particularly in the context of big data processing 

and interdisciplinary projects, as they facilitate seamless data 

analysis, enhance collaboration across diverse platforms, and 

support the synthesis of complex information from multiple 

domains. Future research should focus on developing solutions 

that enable libraries in languages like Python, Julia, and R to 

achieve greater integration with other data processing and 

analytical platforms, such as Apache Spark and TensorFlow. 

Such integrations can make ETL processes, data processing 

and visualization processes more fluid. Therefore, in this study, 

data visualization libraries that are widely used in the literature 

were examined. Thus, it is anticipated that more efficient data 

analysis can be achieved. Python libraries such as Matplotlib, 

Seaborn and Plotly are quite effective in data visualization 

thanks to their user-friendly interfaces and wide community 

support. Matplotlib's customization flexibility, Seaborn's 

powerful analysis capabilities on statistical data and Plotly's 

interactive graphics make Python a versatile tool. However, 

there are some limitations in terms of performance on large data 

sets. The ggplot2 library in the R language draws attention with 

the aesthetic and flexible design options it offers in data 

visualization. ggplot2's "Grammar of Graphics" approach 

allows users to easily create complex visualizations. However, 

R's adaptation process may take longer than Python. JavaScript 

libraries such as D3.js, Chart.js, and Three.js offer very 

convenient options for web-based interactive visualizations. 

The powerful data binding and dynamic visualization 

capabilities of D3.js, the simplicity of Chart.js, and the 3D 

visualization features of Three.js allow JavaScript to find a 

wide range of use, especially in web applications. However, 

JavaScript libraries usually require more technical knowledge 

and coding. Julia's Plots.jl and Makie.jl libraries are 

recommended for high-performance computing and working 

with large data sets. Plots.jl's wide format support and 

Makie.jl's advanced visualization capabilities make Julia a 

powerful tool in data science and scientific computing. 

However, Julia's ecosystem is not as mature as other languages, 

and community support is considered more limited.  

 

Improving the user experience of visualization tools and 

increasing accessibility will support their adoption by a wide 

range of users. This requires libraries to be equipped with more 

user-friendly interfaces and to make visualizations accessible 

to individuals at different levels. In particular, studies should 

be conducted on the integration of visualization and interactive 

graphic design that comply with accessibility standards. 

Integrating visualization libraries with artificial intelligence 

and machine learning can enhance the presentation of data 

analysis and model outcomes, making it easier to interpret and 

communicate complex insights. For example, libraries can be 

enriched with visualization tools that can automatically identify 

trends and anomalies within the data set. Such integrations can 

enable users to obtain data insights more quickly and 

accurately. Data security and privacy are important issues in 

visualization processes.  

 

4. CONCLUSION 

 

Studies on ergonomic improvements for the user-side use 

of visualization tools, providing interactive data analysis 

opportunities, and integrating different data sources are 

important. More work needs to be done on the performance and 

scalability of visualization libraries to cope with large data sets 

and real-time data streams. In particular, future research could 

focus on optimizing the implementation of interactive and 

dynamic visualizations for large datasets. Developing 

algorithms and techniques that enable faster rendering and 

minimize latency will be essential to improving the efficiency 

and responsiveness of these visualizations. 

 

This paper provides critical comparisons of visualization 

libraries based on programming languages to researchers, data 

analysts, and data scientists working on data visualization 

libraries, and it is also anticipated that it will contribute to 

future studies. 
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