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HIGHLIGHTS

» Automates ETL processing for complex multi-value SLR datasets.
« Integrates Matplotlib, Plotly, and Graphviz via Streamlit UL
« Generates publication-ready PRISMA flowcharts and Sankey diagrams.

ARTICLE INFO ABSTRACT

Keywords: Systematic Literature Reviews (SLRs) generate complex, multidimensional datasets. A major bottleneck in biblio-

Systematic literature review metric analysis is the prevalence of multi-value cells, which are instances where a single study utilizes multiple

Data visualization tools, methodologies, or platforms. These are typically stored as semicolon-delimited strings in standard spread-

Python sheets. Generic data visualization software struggles to parse these one-to-many relationships natively, forcing

Eglsizqr:etrics researchers to rely on manual data cleaning and external graphic design tools. To address this, we introduce
an open-source Python pipeline and interactive Streamlit web application specifically engineered to automate
the Extract, Transform, Load (ETL) process for SLR datasets. The software provides a robust tokenization en-
gine that dynamically splits arrays, applies exclusion logic, and maps hierarchical relationships. By abstracting
the complexities of three rendering engines (Matplotlib, Plotly, and Graphviz), the tool enables users to gener-
ate publication-ready visualizations. These outputs range from automated PRISMA flow diagrams to relational
Sankey diagrams and interactive hierarchical charts, all without requiring programming expertise. This method-
ology significantly reduces the manual overhead of SLR reporting, enhances analytical reproducibility, and aligns
with FAIR data principles.
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1. Motivation and significance

Systematic Literature Reviews (SLRs) are fundamental for synthesiz-
ing research trends [1]. SLRs can be used to identify relevant evidence
in multidisciplinary fields, such as the integration of virtual reality, the
metaverse, and digital assets into architectural design and art [2,3].
However, the data extracted from these SLR processes are inherently
complex and multidimensional.

While recent advancements have introduced artificial intelligence to
automate the initial data extraction process [4], the subsequent trans-
formation and visualization phases remain heavily manual. A critical
bottleneck in bibliometric and SLR visualization is the prevalence of
multi-value cells. These occur when a single study utilizes multiple
tools, platforms, or methodologies. In standard spreadsheet formats (.csv
or.xlsx), these values are typically concatenated into a single string sep-
arated by delimiters (e.g., “Unity; Blender; Unreal Engine”). Beyond
unnesting these arrays, researchers face additional technical challenges:
mapping nested hierarchical taxonomies, calculating multi-dimensional
co-occurrences, and standardizing PRISMA exclusion logic. Addressing
these tasks simultaneously usually requires advanced programming
expertise and the use of multiple disparate software environments.

While robust bibliometric mapping tools exist in the R ecosystem
[5] primarily for citation network analysis, they often lack the flexi-
bility to parse custom, researcher-defined metadata variables extracted
during qualitative reviews. Standard data visualization software, such
as Microsoft Excel, and generic Python plotting scripts fail to parse
these one-to-many relationships natively. To overcome this limitation,
researchers are often forced to manually duplicate rows or write com-
plex data-cleaning scripts to unnest arrays. Furthermore, generating
specialized bibliometric figures, such as relational Sankey diagrams,
nested hierarchies, or automated PRISMA flowcharts, typically requires
alternating between different programming libraries and graphic design
software. It is this highly fragmented, time-consuming post-extraction
workflow that necessitates a unified, specialized tool. To resolve this,
we developed a robust, open-source Python pipeline and interactive web
application specifically engineered to automate the Extract, Transform,
Load (ETL) process for SLR datasets, enabling the seamless generation
of publication-ready visualizations.

2. Software description
2.1. Software architecture

The software architecture is designed around a strictly modular
ETL to Visualization pipeline, ensuring that data processing logic is
completely decoupled from rendering mechanics (Fig. 1).

To maximize accessibility for both researchers without programming
backgrounds and advanced data scientists, the tool is distributed with
three distinct usage modalities: Standalone Executable, Interactive Web
Ul, and a Programmatic API allowing advanced users to execute and
batch-generate charts directly from the terminal. The software is de-
signed with minimal computational requirements, operating efficiently
on standard consumer desktop hardware (e.g., a dual-core processor
and 4GB of RAM) without the need for hardware acceleration. Utilizing
the standalone executables allows users to deploy the local Streamlit
server without installing a Python runtime or managing package
dependencies.

2.2. Software functionalities

The core methodology relies on the input/ and operation/ mod-
ules, which act as the parsing engine of the software. When a CSV is
ingested, the pipeline actively scans specified fields for semicolon de-
limiters (;). It executes a string tokenization process to separate these
arrays, cleans the isolated strings, and dynamically computes unique
aggregates for plotting. Data accuracy during this transformation is
strictly deterministic; the pipeline utilizes robust combinatorial algo-
rithms to calculate exact cross-frequencies between tokenized arrays.
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Fig. 1. The modular architecture of the Python pipeline, illustrating the flow
from raw CSV extraction, through the ETL processing engine, into the multi-
engine abstraction layer, and finally to the interactive delivery outputs.

This guarantees that no relational data is dropped or misrepresented
when scaling from flat strings to complex multi-dimensional visualiza-
tion matrices. Furthermore, the tokenization engine includes built-in
fault tolerance for missing or incomplete data; empty cells are safely
parsed as explicit empty arrays ([""1), ensuring that all downstream
operations execute without computational exceptions.

Furthermore, the web application allows for real-time dataset
grouping and hierarchical mapping (Fig. 2). Researchers can
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Fig. 2. The Data Preparation interface within the Streamlit application, demonstrating the dynamic grouping and mapping of dataset columns.

programmatically merge discrete columns into a single stackable
category without altering the original source file.

Once data is prepared, the Chart Creation interface abstracts the com-
plexities of Matplotlib, Plotly, and Graphviz. It allows users to apply
specific conditional filters (e.g., count thresholds) and instantly render
complex geometric representations.

3. Illustrative examples

To demonstrate the efficiency and versatility of the pipeline, we
processed an example SLR dataset detailing the use of immersive tech-
nologies in historical site preservation [6,7]. The virtual reconstruction
of cultural heritage sites has become a highly active research area. It
utilizes advanced 3D modeling and cognitive infocommunications to
preserve historical architecture and present it in collaborative virtual en-
vironments [2,8]. The following outputs highlight the software’s ability
to map these diverse, multi-dimensional data structures into publication-
ready formats. Furthermore, all figures presented in this section are
direct, unedited exports from the software’s rendering engine. By utiliz-
ing the tool’s integrated export functionality, researchers can seamlessly
generate customized, high-fidelity graphics (e.g., natively as vector PDFs
or SVGs) to guarantee visual crispness and satisfy stringent publication
standards.

Tracking inclusion and exclusion criteria across hundreds of studies
manually is prone to arithmetic errors and formatting complexities. The
Graphviz integration [9] natively calculates nodes based on sequential
filter queries, such as applying exclusion logic constraints, and renders
standard PRISMA reporting [10] without the need for manual vector
drafting.

When analyzing methodologies, individual papers often employ mul-
tiple overlapping techniques. The tokenization engine seamlessly splits
these one-to-many arrays and maps them across multiple dimensions
(e.g., Study Focus — Site Type — Technique). This process preserves
the correct weight of interconnected workflows and renders them in a
Plotly-based Sankey diagram (Fig. 3).

STUDY FOCUS HISTORICAL SITE TYPE TECHNIQUE

Image-Based Techniques

Visualization

Archaeological Site
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3D Scanningl
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Fig. 3. A Sankey diagram demonstrating the software’s ability to tokenize multi-
value cells and map three-dimensional data relationships.

Reconstruction

. Restoration

By utilizing the data preparation logic, the pipeline effortlessly
aggregates disparate sub-categories (e.g., Software Data vs. Software
Modeling). It computes the total occurrences and renders them along-
side pre-configured categorical colors using the Matplotlib abstraction
layer [11] (Fig. 4).

To visualize parent—child taxonomies extracted from bibliometric
metadata, the software constructs interactive, nested hierarchical rings.
For example, broad site classifications are programmatically parsed into
distinct architectural sub-types based on dataset mapping rules (Fig. 5).

Identifying tool and technique synergy is a core requirement of
modern SLRs. The pipeline computes occurrence intersections from frag-
mented strings to reveal methodological clusters. These intersections are
then mapped instantly to intensity gradients for rapid visual analysis
(Fig. 6).

To identify gaps in global academic literature, the pipeline
incorporates multi-dimensional scatter logic. By plotting intersecting
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Fig. 4. A horizontal bar chart illustrating grouped software usage.
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Fig. 5. A nested pie chart mapping parent-child categorical hierarchies.
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Fig. 6. A heatmap visualizing the co-occurrence frequency of various software
combinations against extracted techniques.

categorical fields (Country vs. Site Type) and scaling the node markers
by tokenized frequency, the software highlights geographical research
biases.
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4. Impact

The visualization of Systematic Literature Review data has tradition-
ally required extensive manual data parsing and the use of disparate
graphic design tools. Recent methodological advancements in data
science heavily favor automated, reproducible pipelines using robust
frameworks like Pandas [12]. By engineering a custom Python pipeline
that natively parses multi-value delimited cells, we have bridged the
gap between raw bibliometric extraction and publication-ready visual-
ization.

This software creates a significant impact by eliminating the manual
overhead associated with formatting complex arrays, tracking exclusion
logic, and drawing PRISMA flows. Furthermore, the methodology can
be easily adapted to other complex bibliometric domains, ranging from
historical architecture to broader science mapping workflows [5]. The
integration of a Streamlit web interface makes this advanced ETL archi-
tecture highly accessible to researchers across all scientific disciplines
without requiring programming expertise.

5. Conclusions

Ultimately, this software provides a robust, reproducible, and stan-
dardized methodology for charting complex academic data. It signifi-
cantly accelerates the systematic review reporting process while strictly
adhering to open science and FAIR data principles [13]. Specifically, by
replacing undocumented manual data manipulation with a transparent
ETL pipeline, the software ensures analytical reusability. Researchers
can publish their raw datasets alongside the exported chart configura-
tions, allowing the broader scientific community to perfectly reproduce
and verify complex visualizations without relying on proprietary tools.
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