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Abstract 
These days, we’re dealing with more data than ever before. To make sense of it all, we need good data visualization. It’s 
not just nice to have – it’s a must-have for making smart decisions in any industry. This study systematically 
investigates how the integration of Python and SQL can streamline and optimize data visualization workflows, offering a 
reproducible and scalable analyt-ical framework. Through a systematic review of five key studies, we examine how 
Python’s visualization libraries (Matplotlib, Seaborn, Plotly) provide flexibility, customization, and interactivity, while 
SQL enables efficient data extraction, aggregation, and preparation. We˛cławski et al. (2026) compared commercial tools 
and Python li-braries, concluding that Python offers greater programmability for complex visualizations. Guo et al. (2024) 
demonstrated a real-world pipeline using Python for data collection and MySQL for storage, with Flask and ECharts for 
frontend visualization. Kabir et al. (2024) systematically reviewed Python’s capabilities across data cleaning, 
manipulation, and visualization, highlighting NumPy and Pandas as foundational libraries. Han and Kwak (2023) 
provided practical insights into Matplotlib and Seaborn, emphasizing their importance for exploratory data analysis and 
trend identification. Taleska et al. (2008), though foundational in nature, established the significance of SQL-based data 
preparation techniques — including views and star schemas — that continue to underpin modern visu-alization pipelines. 
Together, these studies confirm that Python and SQL work synergistically: SQL handles data extraction and pre-
processing efficiently, while Python creates customized, interactive visualizations. This integration significantly enhances 
analytical ef-ficiency, reduces preprocessing time, and improves decision-making accuracy. The paper concludes that 
combining Python and SQL is essential for modern data visualization workflows, with future directions including real-
time data integration and AI-assisted visu-alization. 
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I. INTRODUCTION 

Every day, organizations everywhere are drowning in 
data – from customer purchases to social media posts 
to sensor readings. Where does all this data come 
from? Customer purchases, social media posts, 
business systems, and even IoT sensors. There’s a 
ton of useful information hidden in there, if we can 
just make sense of it. However, raw data in its 
unprocessed form is difficult to interpret. So how do 
we fix this? We turn numbers and text into pictures 
– charts, graphs, dashboards. That’s data visualiza-
tion. Once you see it, you can quickly spot patterns, 
trends, and weird outliers. Much faster than looking 
at raw data. 

Two technologies really stand out here: Python 
and SQL. They’re kind of the backbone of 
modern data visualization. 

Python offers a rich ecosystem of visualization 
libraries includ-ing Matplotlib, Seaborn, and Plotly, 
which provide flexibility, customization, and 
interactivity. SQL (Structured Query Lan-guage), 
on the other hand, is the standard language for 
managing and querying relational databases. With 

SQL, you can pull out exactly the data you need, filter 
it, group it, and join tables to-gether. That way, 
you’re only sending clean, relevant data to your 
visualization tool. 

Despite the individual strengths of Python and 
SQL, their combined potential in transforming data 
visualization for en-hanced analytical efficiency 
remains underexplored in existing literature. Many 
studies have treated these technologies sep-arately, 
focusing either on Python’s visualization 
capabilities or on SQL’s data management features. 
A gap exists in un-derstanding how their integration 
can effectively streamline the entire visualization 
pipeline—from data extraction to final visual output. 

This research paper addresses this gap through a 
systematic literature review of five key studies. The 
objectives of this paper are: (1) to examine how 
Python’s visualization libraries con-tribute to 
flexibility and interactivity in data visualization; (2) 
to analyze how SQL enables efficient data 
preparation and ex-traction; (3) to investigate the 
synergistic integration of Python and SQL for 
enhanced analytical efficiency; and (4) to propose a 
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conceptual framework for combining these 
technologies in visualization workflows. 

The paper is structured as follows: Section II 
presents a literature review of the selected studies. 
Section III describes the systematic review 
methodology. Section IV discusses findings related 
to Python’s role, SQL’s role, and their integration. 
Section V concludes with implications and future 
research directions. 

 
II. LITERATURE REVIEW 

This section presents a systematic review of five 
key studies that form the foundation of this research. 
These studies were selected based on their 
relevance to Python, SQL, and data visualization, 
as well as their contribution toward understanding 
the integrated role of these technologies in 
improving analytical efficiency and visualization 
performance. 

A. Python Libraries for Data Visualization 

Kabir and his team looked at how Python helps with 
data analyt-ics. They went through a bunch of 
papers and found that Python is useful for 
everything – from grabbing data to cleaning it up 
to making charts. Their study highlighted that 
Python libraries such as NumPy, Pandas, and 
Matplotlib are essential for handling 

large datasets efficiently. According to their 
findings, data ana-lysts typically devote close to 80% 
of their working time to data cleaning and 
preprocessing, and Python’s Pandas library signifi-
cantly reduces this effort through functions for 
handling missing values, removing duplicates, and 
transforming categorical vari-ables. This establishes 
Python as a foundational technology for efficient 
data preprocessing and visualization-oriented 
analytics. Han and Kwak (2023) provided practical 
insights into data visualization using Python’s 
Matplotlib and Seaborn libraries. They highlighted 
that data visualization plays a vital role in data 
exploration, trend identification, anomaly detection, 
and communicating findings effectively. Their study 
demonstrated various chart types including line 
plots, bar charts, histograms, scatter plots, pie charts, 
box plots, and kernel density plots. They also 
presented a useful guideline showing which 
visualization techniques are appropriate for different 
variable types (categori-cal, continuous, or mixed). 
This practical framework assists re-searchers in 
selecting appropriate visualization techniques based 
on the nature of their data. 

We˛cławski et al. (2026) conducted a comparative 
analysis of five data visualization tools: Tableau, 
Power BI, Python libraries (Matplotlib, Seaborn, 
Plotly), Apache Superset, and Metabase. Their study 
involved 20 participants performing practical visu-
alization tasks using COVID-19 and sales-related 
datasets. The results showed that Python libraries 
offer greater flexibility and programmability 
compared to commercial tools. Plotly, in par-ticular, 
enables interactive web-based visualizations through 
fea-tures such as zooming, panning, and hover 
interactions, thereby balancing usability with advanced 
customization. The study con-cluded that Python 
libraries are particularly preferred by data an-alysts and 
developers who need complex and highly customized 
visualizations. 

B. SQL for Data Preparation and Extraction 

Taleska et al. (2008) established the importance of 
data prepara-tion before visualization, specifically 
using SQL Server. Their study focused on preparing 
data stored in data warehouses for visual 
representation. They demonstrated that extracting 
neces-sary data, recoding values, normalizing, and 
creating aggregated views significantly accelerates 
visual representation. They also highlighted the use of 
star schemas and materialized views to optimize data 
for dashboards. This early yet significant work 
continues to be relevant in demonstrating how SQL 
supports efficient data extraction and preprocessing 
within visualization pipelines. 

C. Integration of Python and SQL in Real-World 
Applications 

Guo et al. (2024) presented a big data urban 
visualization plat-form for Guangdong Province, 
China. Their system used Python web scraping to 
collect city-specific data (population, GDP, air quality 
index, housing prices), stored the processed data in 
MySQL, built a Flask backend for data interfaces, and 
used ECharts for frontend visualization. This real-
world implemen-tation demonstrates a complete 
pipeline where SQL (MySQL) handles data storage 
and retrieval, while Python manages data collection, 
cleaning, and backend logic. The study confirmed that 
separating front-end and back-end components 
through Python and SQL integration allows for real-
time updates and scalable data analysis. 

TABLE I. RESEARCH QUESTIONS 

RQ ID Research Question 
RQ1 How do Python’s visualization libraries 

(Matplotlib, Seaborn, Plotly) enhance 
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flexibility, customization, and 
interactivity in data visualization? 

RQ2 In what ways does SQL facilitate efficient
data extraction, aggregation, and 
preparation for visualization pipelines? 

RQ3 What synergistic benefits arise from 
integrating Python and SQL in terms of 
analytical efficiency and visualization 
performance? 

 
D. Synthesis of Findings 

Across these five studies, a clear and recurring 
pattern emerges: SQL is most effective for data 
extraction, aggregation, and prepa-ration, while 
Python excels at flexible, customizable visualiza-
tion creation. We˛cławski et al. (2026) confirmed 
Python’s pro-grammability advantage over 
commercial tools. Kabir et al. (2024) and Han and 
Kwak (2023) provided detailed evidence of 
Python’s visualization capabilities. Taleska et al. 
(2008) estab-lished SQL’s role in data preparation. 
Guo et al. (2024) demon-strated a practical 
integration of both technologies. Collectively, these 
studies demonstrate that the integration of Python 
and SQL creates a robust and efficient visualization 
ecosystem capable of improving analytical 
performance, reducing preprocessing com-plexity, 
and supporting scalable data-driven decision-
making. 

III. METHODOLOGY 

We went with a Systematic Literature Review 
(SLR). Why? Because it’s transparent, anyone can 
reproduce it, and it’s me-thodically solid. When 
you’re trying to piece together what others have 
already found, that really matters. Plus, it’s great for 
spotting gaps in the research. 

A. Research Questions (RQs) 

To guide the review, the following research 
questions were for-mulated: 

B. Search Strategy 

A thorough literature search was carried out across 
the following academic databases: 

• Google Scholar (broad coverage) 
• IEEE Xplore (technical & engineering focus) 
• ResearchGate (recent preprints and peer-

reviewed papers) 
• Mendeley (reference management and 

discovery) 

Search Keywords used: 
("Python data visualization" OR "Matplotlib 
Seaborn Plotly") AND ("SQL data preparation" OR 
"SQL views") AND ("Python SQL integration" OR 
"data visualization pipeline") AND ("ana-lytical 
efficiency" OR "visualization performance") 

Search Period: 2008 – 2026, encompassing both 
founda-tional studies and recent advancements in 
the field 

C. Inclusion and Exclusion Criteria (Filtering 
Process) 

D. Selection Process (PRISMA-inspired flow) 

1) Identification: Initial database search yielded 
approxi-mately 50 records. 

2) Screening: Duplicates removed → 42 records. 
3) Eligibility: Abstract and title screening → 15 

records. 
TABLE II. INCLUSION AND EXCLUSION CRITERIA 

 

Criterion Include Exclude 
Focus Python 

visualization, SQL 
preparation, or 
Python+SQL 
integration 

General 
programming, no 
visualization 

Publication 
type 

Peer-reviewed 
journals, conferences,
technical reports 

Non-peer reviewed 
blogs, incomplete 
preprints 

Language English Other languages 
Relevance Directly addresses at 

least one RQ 
No clear link to RQs 

Accessibility Full text available Abstract only 
 

TABLE III. STUDIES INCLUDED IN THE REVIEW 
S.No. Citation Focus Area 

1 Kabir et al. (2024) Python libraries (NumPy, 
Pandas, Matplotlib) 

2 Han & Kwak (2023) Matplotlib & Seaborn 
practical visualization 

3 We˛cławski et al. 
(2026) 

Comparative 
analysis of 
visualization tools 

4 Taleska et al. (2008) SQL-based data preparation 
5 Guo et al. (2024) Real-world Python + SQL 

integration 
 

4) Inclusion: Full-text review against criteria → 5 key 
studies selected as the core corpus. 

The final included studies are: 

E. Data Extraction Strategy 

A structured data extraction form was employed to 
systematically capture the following information from each 
study: 

• Metadata: Author(s), year, publication venue 
• Research objective 
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• Technologies used (Python, SQL, specific libraries) 
• Key findings (qualitative/quantitative) 
• Limitations (as reported by authors) 
• Relevance to RQs (mapping: RQ1, RQ2, or RQ3) 

F. Synthesis Approach (Thematic + Narrative) 

Findings were organized thematically into three 
overarching themes through a structured synthesis 
process: 

• Theme A: Capabilities of Python visualization 
libraries (RQ1) 

• Theme B: SQL’s role in data preparation (RQ2) 
• Theme C: Integration benefits for analytical 

efficiency (RQ3) 

Within each theme, findings were compared 
across studies, and a narrative synthesis was 
constructed to highlight agree-ments, contrasts, and 
complementary insights. 

G. Quality Assessment 

Each included study was assessed for: 

• Methodological rigor (e.g., systematic process, 
sample size, reproducibility) 

• Validity of findings (alignment between 
evidence and claims) 

• Contribution to the field (novelty, practical 
relevance) 

 

Fig. 1. Thematic organization of findings across three research questions 
(RQ1, RQ2, RQ3). 

All five studies satisfied the established quality 
thresholds and were deemed appropriate for inclusion. 

 
IV. RESULTS AND DISCUSSION 

So what did we learn from all these studies? A lot, 
actually. Python and SQL together can really boost 
how efficiently you do data visualization. These 
findings are organized thematically to address the 
three research questions. 

A. Python Libraries for Data Visualization 

So, let’s talk about our first question. Does Python 
actually make visualization more flexible and 
interactive? The short answer is yes. Kabir et al. 
(2024) established that Matplotlib, Seaborn, and 
Plotly serve as foundational tools for handling large 
datasets. Their review highlighted that Matplotlib 
excels at static, highly customizable plots, while 
Seaborn simplifies statistical graphics. Plotly, in 
contrast, enables interactive web-based 
visualizations with features like zoom and hover. 

Han and Kwak (2023) provided empirical 
evidence by demonstrating various chart types 
including line plots, bar charts, histograms, scatter 
plots, and box plots. They also established a 
practical guideline linking variable types 
(categorical, con-tinuous, mixed) to appropriate 
visualization techniques. This framework assists 
practitioners in selecting the most suitable chart type 
based on their data characteristics. 

We˛cławski et al. (2026) added comparative 
evidence through a user survey. Among 20 
participants, Python libraries were rated higher in 
programmability and flexibility than commercial 
tools 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
Fig. 3. SQL-based data preparation flow from raw data to visualization-
ready output. 

Fig. 2. Various chart types supported by Python visualization libraries 
including Matplotlib and Seaborn. 
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Fig. 4. ETL (Extract, Transform, Load) pipeline illustrating SQL-driven data 
preparation for analytical workflows. 

 
like Tableau and Power BI. Plotly, in particular, was 
preferred for interactive dashboards. Experienced 
users showed a consistent preference for Python 
when dealing with complex and highly customized 
visualizations. Collectively, these findings confirm 
that Python libraries offer superior flexibility and 
interactivity, fully answering RQ1. 

B. SQL for Data Preparation 

Now, onto our second question. What does SQL 
bring to the table when it comes to getting data 
ready for visualization? Taleska et al. (2008) 
demonstrated that raw data stored in data 
warehouses cannot be visualized directly. SQL 
operations such as filtering, joining, aggregation, 
and creating views (including star schemas and 
materialized views) are essential preprocessing steps. 
These techniques considerably reduce data volume 
while improving overall visualization performance. 

Guo et al. (2024) provided a real-world case 
study where MySQL was used to store city-specific 
data. Their platform relied on SQL queries to extract 
population, GDP, air quality, and housing price data 
before passing it to the frontend visualization layer. 
The study showed that well-optimized SQL 
databases enable real-time updates and scalable 
performance. 

Together, these studies address RQ2 by 
demonstrating that SQL is not merely a storage tool 
but a critical enabler of efficient data preparation. 

C. Integration Benefits for Analytical Efficiency 

The third research question explored the synergistic 
benefits of combining Python and SQL. Guo et al. 
(2024) offered the most direct evidence by 
implementing a complete pipeline: Python for web 
scraping and data cleaning, MySQL for storage, 
Flask 

 

Fig. 5. End-to-end Python and SQL integration pipeline as implemented by Guo 
et al. (2024). 

 
for backend APIs, and ECharts for frontend 
visualization. This integration allowed each 
technology to play to its strength: SQL handled data 
extraction and storage, while Python managed 
transformation and visualization logic. The result 
was a real-time, scalable, maintainable system. 

Notably, no contradictions or conflicting findings 
were ob-served across the five reviewed studies. 
We˛cławski et al. (2026) noted that Python libraries 
seamlessly connect to databases through 
SQLAlchemy and pandas’ read_sql functions, fur-
ther confirming the ease of integration. Kabir et al. 
(2024) also emphasized that Python’s ability to 
interface with SQL databases is a key advantage for 
end-to-end analytics workflows. 

D. Overall Discussion 

If you look across all five studies, one pattern stands 
out pretty clearly. SQL is most effective for data 
extraction, aggregation, and preparation. Python 
excels at flexible, customizable, and interactive 
visualization creation. When integrated, they create 
a powerful pipeline that reduces preprocessing time, 
enables real-time updates, and supports scalable 
data-driven decision-making. This integration is not 
simply a matter of convenience but rather a 
necessity for modern data visualization workflows 
where analytical efficiency is a primary concern. 

E. Limitations 

Despite the valuable insights generated through this 
systematic review, several limitations should be 
acknowledged. First, the review is based on a 
relatively small corpus of five selected stud-ies, 
which may not comprehensively represent the full 
scope of existing research on Python- and SQL-
based data visualization. Second, the search was 
limited to English-language publica-tions, 
potentially excluding relevant studies published in 
other languages. Third, the selected studies differ in 
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their methodolog-ical approaches, ranging from 
systematic literature reviews to practical case 
studies, which makes direct comparison of find-
ings more challenging. Finally, as this study relies 
entirely on secondary sources, the conclusions are 
dependent upon the accu-racy, validity, and 
completeness of the reviewed literature rather than 
direct empirical experimentation. 

V. CONCLUSION AND FUTURE WORK 

A. Conclusion 

What happens when you combine Python and SQL 
for data visualization? That’s what we wanted to 
find out. We looked closely at five studies, and the 
evidence is pretty clear. Each technology has its 
own strengths, but together they’re even better. The 
findings confirm that Python’s visualization libraries 
— particularly Matplotlib, Seaborn, and Plotly — 
offer exceptional flexibility, customization, and 
interactivity, making them well-suited for a wide 
range of analytical and reporting needs. Kabir et al. 
(2024) confirmed that these libraries are 
foundational for handling large datasets, while Han 
and Kwak (2023) demon-strated their practical 
application across multiple chart types. We˛cławski 
et al. (2026) further provided comparative evidence 
showing that Python libraries outperform 
commercial tools such as Tableau and Power BI in 
programmability and flexibility, 
particularly for complex and highly customized 
visualizations. Equally significant is the role of SQL 
in the data preparation stage. The reviewed studies 
consistently highlighted that raw data stored in 
relational databases and data warehouses requires 
substantial preprocessing before it can be effectively 
visualized. Taleska et al. (2008) established that 
SQL operations — includ-ing filtering, joining, 
aggregation, and the creation of views and star 
schemas — considerably reduce data complexity 
and im-prove the quality of visual outputs. Guo et 
al. (2024) further demonstrated a real-world 
implementation where MySQL en-abled real-time 
updates and scalable performance for an urban 
data visualization platform. 

Perhaps the most valuable finding of this 
research concerns the synergistic benefit that 
emerges when Python and SQL are integrated 
within a unified analytical pipeline. SQL efficiently 
handles data extraction and preprocessing, while 
Python delivers flexible, interactive, and 
customizable visualization outputs. This integration 
not only reduces preprocessing time but also supports 

real-time updates and scalable data-driven decision-
making. The evidence gathered across all five studies 
confirms that combin-ing Python and SQL is not 
merely a matter of convenience but rather a 
fundamental requirement for modern data 
visualization workflows where analytical efficiency is 
a primary concern. This integration represents a best 
practice for data-driven organiza-tions aiming to 
maximize the value of their visual analytics. 

B. Future Work 

While this study provides a strong foundation, several 
promis-ing directions remain open for future research. 
First, empirical validation of the proposed Python-
SQL visualization pipeline through controlled 
experiments and real-world deployments would 
significantly strengthen the evidence base. Second, 
the integration of real-time data streaming 
technologies — such as Apache Kafka and Apache 
Spark — with Python and SQL pipelines presents 
exciting opportunities for live, dynamic dash-board 
development. Third, the growing influence of 
artificial intelligence opens the door to AI-assisted 
auto-visualization, wherein systems could 
automatically select the most appropriate chart type 
and visual encoding based on data characteristics — 
including the use of large language models (LLMs) 
for natural language to chart generation — as well as 
natural language in-terfaces for intuitive data 
querying. Fourth, comparative studies evaluating the 
performance of Python-SQL pipelines against 
alternative technology stacks — such as R-Shiny, 
Julia, or com-mercial BI tools — would offer valuable 
practical guidance for data professionals. Finally, 
research into the usability and learn-ing curve of 
Python visualization libraries for non-programmers 
could play an important role in democratizing data 
visualization across diverse domains and industries. 
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