(, IJARSCT ISSN (Online) 2581-9429

~( " International Journal of Advanced Research in Science, Communication and Technology (IJARSCT)
IJARSCT International Open-Access, Double-Blind, Peer-Reviewed, Refereed, Multidisciplinary Online Journal
Impact Factor: 7.301 Volume 3, Issue 2, August 2023

Data Visualization Techniques for Research
Publications and Scientific Computational
Methods using Python: A Review

Thirumalesh'’, Ashok A S', Meenakshi H', Aruna R', Shashidhar S N', Madhu N R, Reshma S R’
R L Jalappa Institute of Technology, Doddaballapur, Bangalore, India'
Corresponding author:thirumalesh@ljit.in'

Abstract: Data visualization plays a crucial role in research publications, enabling researchers to
communicate their findings effectively and enhance the understanding of complex data. Python, with its
extensive libraries and versatile capabilities, has emerged as a popular choice for data visualization and
scientific computation. This article explores various data visualization techniques for research publications
and highlights the scientific computation methods facilitated by Python. We discuss the importance of data
visualization in research publications and the advantages offered by Python for visualizing scientific data.
Additionally, we explore Python's role in scientific computation, encompassing areas such as physical,
chemical and biological science computations, numerical computing, data analysis, statistical modeling,
and machine learning. Also in this review article we tried to emphasize the significance of reproducibility
and open science practices facilitated by Python's code-centric nature, enabling researchers to share their
work and foster collaboration. We conclude by highlighting the vibrant Python community and the
availability of resources for researchers to learn, contribute, and stay updated with the latest developments
in data visualization and scientific computation. Overall, this article demonstrates the value of data
visualization techniques and Python's contributions to research publications and scientific computation
methods, empowering researchers to gain insights, communicate results, and advance knowledge in their
respective fields
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I. INTRODUCTION

In today's data-driven world, the ability to effectively communicate insights through data visualization has become
increasingly important. Data visualization is a powerful tool for researchers to present their findings in a clear and
compelling manner. With the abundance of data available today, effective visualization techniques play a critical role in
conveying complex information and insights to readers. Python, a versatile and popular programming language [1,2],
offers a wide range of tools and libraries that enable users to create visually appealing and interactive data
visualizations [3]. From basic plotting to advanced interactive visualizations, Python empowers data analysts and
scientists to present their findings in a meaningful and engaging way [3, 4].

1.1 Importance of Data Visualization:

e Enhances Understanding: Data visualization enables complex and voluminous data to be presented in a
visually appealing and digestible format. It helps readers quickly grasp the main findings, patterns, and
relationships within the data. By using appropriate charts, graphs, and visual representations, researchers can
simplify complex concepts and make their work more accessible to a broader audience [5].

e Supports Data Exploration: Visualizations provide an interactive and exploratory means of analyzing data.
Researchers can uncover hidden patterns, trends, outliers, and correlations by visually examining the data.
Interactive visualizations allow readers to manipulate variables, zoom in on specific areas of interest, and gain
a deeper understanding of the underlying data. This interactivity encourages further exploration and
engagement with the research [6].
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e Increases Impact and Engagement: Well-designed visualizations have the power to captivate readers and leave
a lasting impression. They can evoke emotions, tell compelling stories, and effectively convey the significance
of research findings. Visualizations make research publications more engaging, attracting attention from a
wider audience. They can increase the likelihood of readers engaging with the research, sharing it, and citing it
in their own work, thereby enhancing the impact and visibility of the research [2].

1.2 Role of Python in data visualization and scientific computing:

Python plays a significant role in data visualization for research publications. Its versatility, extensive libraries, and
user-friendly syntax make it a popular choice among researchers for creating compelling and informative visualizations.
Here are some key roles that Python plays in data visualization for research publications:

e Rich Ecosystem of Data Visualization Libraries: Python offers a wide range of data visualization libraries,
such as Matplotlib [7, 8], Seaborn [9], Plotly [10], and Bokeh [11], that provide extensive functionalities for
creating various types of plots, charts, and interactive visualizations. These libraries have robust capabilities
and offer a high degree of flexibility in terms of customization, allowing researchers to create visually
appealing and publication-ready visualizations.

e Ease of Use and Learning Curve: Python has a straightforward and readable syntax, making it relatively easy
to learn and use. Researchers with little or no programming experience can quickly grasp the basics of Python
and start programing for scientific computations. The intuitive nature of Python, combined with its extensive
documentation [12] and community support[13], makes it accessible for researchers from diverse
backgrounds.

e Integration with Data Analysis and Statistical Libraries: Python's data visualization libraries seamlessly
integrate with other popular data analysis and statistical libraries, such as NumPy [14], Pandas [15], and SciPy
[16]. This integration enables researchers to easily visualize and explore their data using familiar data
structures and functions. They can perform data preprocessing, statistical analysis, and visualization tasks
within a single Python environment, streamlining the research workflow.

e Reproducibility and Replicability: Python's code-centric nature promotes reproducibility and replicability in
research publications. Researchers can create visualizations using Python scripts, which can be shared along
with the research paper or made available on online platforms like GitHub [17, 18]. This allows readers to
reproduce the visualizations, validate the findings, and build upon the work. The transparency offered by
Python contributes to the credibility and integrity of the research.

e Interactivity and Dynamic Visualizations: Python libraries like Plotly and Bokeh enable the creation of
interactive and dynamic visualizations. Interactive features such as zooming, panning, and tooltips allow
readers to explore the data in detail and interactively manipulate the visualizations. Dynamic visualizations can
convey changes over time or enable users to interactively filter and analyze the data. These capabilities
enhance reader engagement and understanding of the research findings (Figure 1).

e Customization and Publication-Quality Outputs: Python's data visualization libraries offer a wide range of
customization options. Researchers can fine-tune every aspect of the visualizations, including colors, fonts,
labels, and annotations, to align with the publication's style or to emphasize key points. Python libraries
provide high-resolution outputs suitable for publication, ensuring that the visualizations are of professional
quality [20].

e Integration with Web Technologies: Python's visualization libraries, such as Plotly and Bokeh, seamlessly
integrate with web technologies, enabling researchers to create web-based visualizations, interactive
dashboards, or embed visualizations in web applications [21]. This allows for easy sharing of visualizations
online, facilitating collaboration and enhancing the accessibility of research findings.
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Figure 1:Interactive plots/charts created using Python [19].

1.3 Advantages of Python over other scientific plotting or computational tools:
Python offers a wide range of advantages over other scientific plotting / computing tools like Origin /Matlab /Scilab
/Mathematica etc., few of them are listed below.
e The main and big advantage of Python is free and open source; but other packages may require commercial
license for usage
e Python is a general-purpose programing language but other packages are purely for scientific computing
e Python is a high level programing language which is easy to learn, and having large open source libraries to
integrate
e  Python packages can do everything compared with other paid scientific computational packages can do
e FEagy to integrate with any other popular programing or software development environments
e Python contains great libraries, and yet more external libraries are being developed by Python programmers,
scientists, mathematicians, and engineers
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e Python code tends to be more compact as well as more readable than any other specific application
environments code

e OOP in Python is simple and elegant, and offers flexibility

e Python offers a wider set of choices in output graphics packages and toolsets.

1.4 Python Data Visualization Libraries
Python boasts several powerful libraries that simplify the process of creating stunning visualizations. Some of the most
widely used ones include:

e  Matplotlib: Matplotlib is a comprehensive library for creating static, animated, and interactive visualizations in
Python. It provides a wide range of plotting functions, allowing users to create line plots, bar plots, scatter
plots, histograms, and more. Matplotlib's extensive customization options make it suitable for creating
publication-quality visualizations[22].

e Seaborn: Seaborn [9, 23] is built on top of Matplotlib and provides a higher-level interface for creating
aesthetically pleasing statistical graphics. It simplifies the process of creating complex visualizations, such as
heatmaps, pair plots, and distribution plots. Seaborn's integration with Pandas data structures makes it an
excellent choice for exploratory data analysis [22].

e Plotly: Plotly is a powerful library for creating interactive visualizations [10]. It offers a wide range of chart
types, including line plots, scatter plots, bar charts, 3D plots, and maps. Plotly's interactive features, such as
zooming, panning, and hover effects, enhance the user experience and enable users to explore data in more
detail.

e Bokeh: Bokeh is a Python library that emphasizes interactivity and targets modern web browsers. It allows
users to create interactive visualizations, including line plots, scatter plots, bar charts, and geographic plots.
Bokeh's ability to generate interactive HTML plots makes it ideal for creating web-based data dashboards[24].

1.5 Advanced Visualization Techniques
Python's data visualization libraries also support advanced techniques that offer more insights and interactivity:
e Heatmaps: Heatmaps use color gradients to represent the magnitude of values in a matrix. Seaborn and Plotly
allow users to create heatmaps that help visualize relationships and patterns in large datasets. Also, there are
custom build python packages for specific visualizing applications [25].
e Geographic Plots: Plotly and Bokeh offer geographic plot capabilities, enabling users to create choropleth
maps, bubble maps, and other types of geographical visualizations.
e Interactive Dashboards: With libraries like Plotly and Bokeh, users can create interactive data dashboards that
allow exploration and filtering of data in real-time. These dashboards can be embedded in web applications or
shared with others.

1.6 Latest Developments and Trends
Python's data visualization ecosystem is continually evolving, and several recent developments have further enhanced
its capabilities:

e Plotly Express: Plotly Express [26] is a high-level wrapper around Plotly that simplifies the process of creating
interactive visualizations. It provides a concise syntax and offers a wide range of pre-defined visualizations for
quick exploration and prototyping.

e  Streamlit: Streamlit [27] is a popular Python library for building custom web applications for data science and
machine learning. It allows users to create interactive dashboards and visualizations with minimal effort,
enabling rapid deployment and sharing of data insights.

e Animated Visualizations: Libraries like Matplotlib and Plotly now support the creation of animated
visualizations, allowing users to showcase data changes over time or iterate through multiple views of the
same dataset.
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1.7 Python Scientific Computation Libraries

In the realm of scientific computations, Python has emerged as a dynamic and influential programming language,
revolutionizing the way researchers, scientists, and engineers analyze complex data, simulate intricate systems, and
visualize their findings. With its user-friendly syntax, extensive collection of specialized libraries, and adaptability to
various scientific domains, Python has swiftly become the go-to choice for a wide range of computational tasks.
Whether it's a complex scientific calculations, numerical analysis, physical, chemical, biological or statistical modeling,
machine learning, or data visualization, Python offers a rich ecosystem of tools that empower users to tackle intricate
challenges with relative ease. This makes Python as an indispensable tool for scientific computations, enabling
professionals to accelerate their research, extract valuable insights, and make significant strides in their respective
fields. Another reason for the popularity of Python among the scientific community for their computational needs is,
Python offers solutions for parallel computing and distributing computations across multiple cores or even multiple
machines, which can significantly speed up computations for computationally intensive tasks. Here are some of the
prominent Python scientific libraries which cater the scientific community in their computational needs:

e Quantum Computing Libraries: Python provides several powerful libraries for quantum computing, such as
Qiskit [28 - 30], PyQuil [31], and Cirq [32]. These libraries enable researchers and developers to design,
simulate, and execute quantum algorithms using high-level programming interfaces. They offer a range of
functionalities, including quantum gates, quantum circuits, quantum simulators, and interfaces to quantum
hardware to control actual quantum hardware provided by companies such as IBM Quantum [33, 34] and
Google Quantum [ 35, 36]. Researchers can write Python code to execute quantum algorithms on quantum
processors, enabling experiments with real-world quantum systems.

e Libraries for Quantum Chemistry: Python offers powerful libraries specifically designed for quantum
chemistry calculations. Some notable libraries include PySCF [37], Psi4 [38], PyQuante [39], and RDKit [40],
DQC [41]. These libraries provide a wide range of functionalities, including molecular structure manipulation,
electronic structure calculations, molecular dynamics simulations, and visualization of molecular properties.

e scikit-learn: scikit-learn [42] is a widely-used library for machine learning in Python. It offers a comprehensive
set of algorithms and tools for tasks such as classification, regression, clustering, dimensionality reduction, and
model evaluation. scikit-learn integrates well with other scientific libraries and provides a user-friendly
interface for machine learning tasks.

e TensorFlow: TensorFlow [43] is an open-source library for machine learning and deep learning. It provides a
flexible framework for building and deploying machine learning models, especially for tasks involving neural
networks. TensorFlow is widely used in research and industry for applications like image recognition, natural
language processing, and time series analysis [44].

e Keras: Keras [45] is a high-level neural network library that runs on top of TensorFlow. It offers a user-
friendly interface for building and training neural networks with fewer lines of code. Keras allows for rapid
prototyping and experimentation, making it a popular choice for deep learning projects [46].

e Astropy&APLpy: Astropy [47]and APLpy [48] are the libraries for astronomy and astrophysics. It provides
tools for handling astronomical data, performing coordinate transformations, modeling celestial objects, and
conducting common astronomical calculations. Astropy aims to be a comprehensive and community-driven
resource for astronomers.

e Biopython: Biopython [49] is a library specifically designed for computational biology and bioinformatics. It
offers tools for sequence analysis, protein structure analysis, population genetics, phylogenetics, and more.
Biopython facilitates various tasks in biological research and analysis.

e  OpenCV: OpenCV (Open Source Computer Vision Library) [50] is a library for computer vision and image
processing. It provides a wide range of functions and algorithms for tasks like image manipulation, object
detection, feature extraction, camera calibration, and video analysis. OpenCV is extensively used in scientific
fields such as computer vision research and robotics.

e NetworkX: NetworkX[51] is a library for the study of complex networks. It provides tools for the creation,
manipulation, and analysis of network graphs. NetworkX offers functions for graph generation, network
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metrics calculation, community detection, and network visualization. It is widely used in social network
analysis, biological network analysis, and other network-related research.

e PyMC3: PyMC3 [52] is a library for probabilistic programming and Bayesian inference. It enables researchers
to build probabilistic models using intuitive syntax and perform Bayesian statistical analysis. PyMC3 supports
various probabilistic modeling techniques, including Markov Chain Monte Carlo (MCMC) methods.

e  MDAnalysis: MDAnalysis [53] is a library for molecular dynamics (MD) simulations and analysis. It provides
tools for reading, writing, and analyzing MD trajectories and structural data. MD Analysis supports popular file
formats used in MD simulations and offers functionalities for calculating structural and dynamic properties of
molecules.

e PyDSTool: PyDSTool [54] is a library for dynamic systems modeling and simulation. It facilitates the analysis
of ordinary and delay differential equations, discrete-time maps, and hybrid systems. PyDSTool provides tools
for numerical integration, bifurcation analysis, and parameter estimation.

e Altair: interactive statistical visualizations for Python [55], Nmrglue: an open source Python package for the
analysis of multidimensional NMR data [56], scraps: An open-source python-based analysis package for
analyzing and plotting superconducting resonator data [57], Hydrostats: A Python package for characterizing
errors between observed and predicted time series [58], PyProcar: A Python library for electronic structure
pre/post-processing [59], EarthPy: A Python package that makes it easier to explore and plot raster and vector
data using open source Python tools [60] etc., are some of the tools or libraries developed on Python for
specific scientific computing purposes.

These are just a few examples among the vast set of scientific libraries available in Python. Each library serves a
specific purpose and caters to various scientific domains enabling researchers in fields such as symbolic mathematics,
Physics, chemistry, astronomy, biology, computer vision, network analysis, probabilistic modeling, molecular
dynamics, and dynamic systems modeling etc. By leveraging these specialized libraries, researchers can perform
sophisticated computations and analyses specific to their scientific disciplines.

1.8 Python in Scientific Computations:

Some of the works which quotes the exploration of python libraries in their scientific publications are represented
below.

Millman et al., [61] used Python computational tools in the ‘Analysis of functional magnetic resonance imaging’,
Habowski et al., [62] effectively used the python data visualization techniques in their work ‘Exploring Gene
Expression Patterns in Cancer Research using Python Data Visualization’. Similarly Meunier et al., [63] and Gouws et
al., [64] have used the python libraries for the ‘Visualization of Brain Connectivity Networks in Neuroimaging Data’
and ‘Visualizing Brain Imaging Data’ respectively. Franklin et al., [65] and Winkler et al., [66] successfully
demonstrated that python along with geographic data can be used for ‘Visualizing Climate Change Effects on
Biodiversity’ to finding solutions for environmental issues. Also, Lock et al., [67] Klein et al.,[68]Sibolla et al.,[69]
Klein, et al.,[70] and Quiroz et al.,[71] have used python coded dashboards developing ‘Visual Analytics of
Environmental Sensor Data’. Kehl et al.,[72] and Wellmann et al.,[73] developed and successfully used the
‘Visualization of Fluid Dynamics Simulations Using Python and Plotly’ etc., and the count continues. The utilization of
Python libraries in scientific computations knows no bounds. As Python continually evolves and enhances its
capabilities day by day, the future of Python as a scientific programming tool appears exceedingly promising.

II. CONCLUSION
Python plays a vital role in data visualization for research publications due to its rich ecosystem of libraries, ease of use,
integration with data analysis and statistical tools, reproducibility, interactivity, customization options, and integration
with web technologies. By leveraging Python's capabilities, researchers can create visually compelling and impactful
visualizations that effectively communicate their research findings to a wide audience. Also, Python has emerged as a
powerful and versatile tool for scientific computations, revolutionizing the way researchers, scientists, and engineers
approach complex problems. With its intuitive syntax, extensive ecosystem of specialized libraries, and active

community support, Python has become the language of choice for scientific computations alysis and numerical
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simulations. As Python continues to evolve, it solidifies its position as an indispensable tool, empowering professionals
across various scientific disciplines to push the boundaries of innovation and make meaningful contributions to their
respective fields. With an ever-expanding array of specialized libraries and a vibrant community driving advancements,
Python remains at the forefront of empowering researchers, scientists, and engineers with the tools they need to tackle
increasingly complex challenges in their fields. Its user-friendly nature, coupled with its versatility and scalability,
ensures that Python will continue to be an indispensable asset, propelling scientific endeavors forward and unlocking
new possibilities on the horizon.
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