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Abstract

Microsoft Excel is essential for the End-User Approach (EUA), offering ver-
satility in data organization, analysis, and visualization, as well as widespread
accessibility. It fosters collaboration and informed decision-making across
diverse domains. Conversely, Python is indispensable for professional pro-
gramming due to its versatility, readability, extensive libraries, and robust
community support. It enables efficient development, advanced data analysis,
data mining, and automation, catering to diverse industries and applications.
However, one primary issue when using Microsoft Excel with Python libra-
ries is compatibility and interoperability. While Excel is a widely used tool for
data storage and analysis, it may not seamlessly integrate with Python libra-
ries, leading to challenges in reading and writing data, especially in complex
or large datasets. Additionally, manipulating Excel files with Python may not
always preserve formatting or formulas accurately, potentially affecting data
integrity. Moreover, dependency on Excel’s graphical user interface (GUI) for
automation can limit scalability and reproducibility compared to Python’s
scripting capabilities. This paper covers the integration solution of empower-
ing non-programmers to leverage Python’s capabilities within the familiar
Excel environment. This enables users to perform advanced data analysis and
automation tasks without requiring extensive programming knowledge.
Based on Soliciting feedback from non-programmers who have tested the in-
tegration solution, the case study shows how the solution evaluates the ease of
implementation, performance, and compatibility of Python with Excel ver-
sions.
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1. Introduction

End User development (EUD) represents a key step toward making robotics ac-
cessible for experts and non-experts alike. Within academia, researchers investi-
gate novel ways that EUD tools can capture, represent, visualize, analyze, and
test developer intent. At the same time, industry researchers are increasingly
building and shipping programming tools [1] by leveraging Python for enhanced
Excel functionality using ready-made Python libraries. In the realm of data analy-
sis and automation, Python has emerged as a go-to programming language for
its simplicity, versatility, and extensive library support. Microsoft Excel, with its
widespread use in business and academia, provides a familiar interface for users.
The integration of Python with Excel combines the strengths of both, offering
enhanced functionality and efficiency. This article explores the synergy between
Python and Excel, highlighting their collaborative potential across various prob-
lem-solving scenarios [2].

Since the 1990s, when the phrase “Data Mining” was invented, data mining
has appeared as a combination of three scientific disciplines: artificial intelli-
gence, machine learning, and statistics [3].

Due to the increase in data availability, demand must increase to get the benefits
of business data science by finding the proper way to analyze the data. Data min-
ing is the exploration and analysis of large data sets to discover meaningful pat-
terns and rules. Data mining can use highly sophisticated data analysis. This in-
cludes several technical approaches such as clustering, data summation, classifica-
tion, finding dependency networks, change analysis, and anomaly detection [4].

Data mining refers to extracting or mining useful and generating information
from large amounts of information. Data mining is also referred to as knowledge
discovery in a database. Data mining has become very important for the efficient
analysis of big data.

By the late 1990s, an add-in called XLMiner was introduced for Excel, catering
to the needs of end users in scientific research. This add-in facilitated various
tasks such as visualization, forecasting, and data mining, empowering research-
ers with enhanced capabilities within the Excel environment [5].

In 2000, a new Python programming was introduced several free open-source
libraries for data science, like TensorFlow, Pandas, Scrapy, Matplotlib, Numpy,
Pytorch, and Scipy [6], with more flexibility, advanced techniques, and integra-
tion options for users comfortable with coding and programming.

Also, Excel is often used to manipulate a large amount of data within short du-
rations and generate graphs as a powerful tool. It has become entrenched in
business processes worldwide for diverse functions and applications. Figure 1
shows the percentage of knowledge of the users using Excel. More than 1.1 billion
people use Microsoft’s Productivity Services, which includes Microsoft Excel [7]

However, with the availability of tools like Python, Excel, and XLMiner, data
mining remains challenging for end users (Pythonistas), Pythonista refers to
someone passionate about Python, even if he/she is a beginner in programming.

You don’t need to learn everything about Python to become a Pythonista [8].

DOI: 10.4236/jsea.2024.176030

531 Journal of Software Engineering and Applications


https://doi.org/10.4236/jsea.2024.176030

0. Magdy et al.

noncommercial usage in performing data mining operations within Excel. The
data mining capabilities within Excel may have limitations in functionality, cus-
tomization, scalability, and algorithm selection. These limitations can hinder the
ability to perform advanced data mining tasks, handle large datasets efficiently,
and apply specialized algorithms. To overcome these challenges, alternative tools
with user-friendly interfaces or investing time in learning programming lan-
guages like Python can provide greater flexibility and access to a wider range of

data mining techniques.

How Good Are Your Excel Skills?

50%
40%
30%
20%
10%

-

Beginner Intermediate Advanced Expert

Figure 1. Percentage of Excel user skills.

Hence, this research highlights how we can leverage the strengths of Excel’s
user-friendly ready-made Python library. By combining Excel and Python into a
library, this integration targets to overcome challenges related to users’ devices
and limitations associated with connectivity and online availability. Additionally,
it focuses on enhancing interoperability and optimizing performance for smooth
data exchange.

Covers the advantages of both Excel and Python in the context of data mining
for scientific research. By, our library, designed specifically for Pythonistas, of-
fers a powerful solution for conducting data mining tasks with enhanced effi-

ciency and effectiveness.

2. Literature Review

Many researchers and companies have been interested in combining Python
with Microsoft Excel. Several of studies have explained the benefits of using Py-
thon to enhance Excel’s functionalities. Research shows that this collaboration
allows for the smooth handling of data, analysis, and visualization. few research
works have focused on using Python scripts to add out-of-the-box functions,

enhance data mining, and enable advanced process data within Excel.

3. Background
3.1. End User Development (EUD)

Is defined as a set of methods, techniques, and tools that allow users of software
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systems, who are acting as non-professional developers, at some point to create,

modify, or extend a software artifact [9].

3.2. Data Mining (DM)

DM is another subdomain of AI and can be defined as a process that aims to
generate knowledge from data and present findings comprehensively to the user.
Generating knowledge in the context of DM can be translated to the discovering
of new and non-trivial patterns, relations, and trends in data useful to the user,
below Table 1 explains the differences between AI, ML and DM [10].

Table 1. Differences between AI, ML, DM.

Al ML DM

ML seeks to enable
computational agents to

DM is another subdomain of Al

it is a technology that
24 and can be defined as a process

enables machines to
L . gain task-related knowledge that aims to generate knowledge
Al imitate various

and solve task-specific from data and present findings

complex human skills

(Haroon Sheikh, 2023)problems (Gunther Schuha comprehensively to the user

G.R.-P., 2019) (Gunther Schuha G.R.-P., 2019).

ML primarily aims to enhance
ML is a subset of Althat  task performance by optimizing
uses statistical techniques  algorithms and models. On the
ML is a subset of AI  to enable a machine to other hand, DM primarily
(Kumar, 2021) improve through learning concentrates on extracting
and experience (Kumar, = knowledge and ensuring its
2021). accessibility to users

(Mannila, 1996)

ML is a subset of Al that

. . uses statistical techniques  Data mining is the problem of
DM is a subdomain of ]
to enable a machine to

DM AI (Ashish Sabharwal, . . .
2011) improve through learning important rules from large

databases (Li, 2019)

finding interesting patterns and

and experience (Kumar,
2021).

3.3. What Is Python in Excel

Python in Excel is an in-spreadsheet plugin that natively combines Python syn-
tax into the cell functions of Excel. It benefits data analysts and marketers through
permitting advanced data analytics and statistics tactics within a given Excel
workbook [11].

3.3.1. Existing Microsoft Model

Python code used by Excel runs on the Microsoft Cloud with enterprise-level
security as a compliant Microsoft 365-connected experience [12], Figure 2 ex-
plains how Microsoft has implemented Python in Excel future. By leveraging the
benefits of data analysts and marketers through advanced data analytics and sta-

tistics tactics within a given Excel workbook.
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Microsoft Architecture

Microsoft Cloud

®—><—> Data  |«—> ") ANACONDA.

End User Excel

Figure 2. Overview of Microsoft architecture.

3.3.2. Limitation

o Privacy Concerns: The reliance on cloud-based computation raises privacy
concerns for users, as their data is processed and stored on external servers, po-
tentially compromising the confidentiality of sensitive information.

o Dependence on Internet Connection: The seamless functioning of the sys-
tem is contingent upon a reliable and high-speed Internet connection. Inade-
quate connection to their daily tasks efficiently.

o Lack of Local Python Customization: The integration of Python with Excel
on Microsoft’s cloud platform does not automatically reflect personalized ad-
justments made to the user’s local Python setup. This limitation restricts users
from fully customizing and tailoring their Python environment to suit their spe-
cific needs [12].

3.4. Flask Framework Technology

Flask is a lightweight web development framework written on the basis of the
Werkzeug toolkit and uses the programming language Python to implement In-
ternet-based exchange of working documents.

4. Methodology

The scientific research methodology proposed in this study aims to enhance Ex-
cel’s data-handling capabilities and enable cluster generation through the appli-
cation of the End-User approach. This methodology involves a systematic process
that encompasses several key stages to achieve the desired outcomes.

The first stage of the methodology involves the identification of user needs
and requirements. This step entails conducting a comprehensive analysis to un-
derstand the specific functionalities and features that users require from Excel.
Factors such as data validation, appropriate data handling techniques, and visua-
lization requirements are carefully considered during this analysis.

Once the user needs and requirements have been established, the next stage
involves the design and development of Python functions. These functions are
designed to address the identified user needs and facilitate the desired data
processing and analysis tasks. In this stage, a suitable clustering algorithm, such
as “K-Means,” is selected based on the specific requirements. Relevant Python
libraries and modules, such as scikit-learn (sklearn) for machine learning algo-

rithms and matplotlib for data visualization, are utilized to implement the ne-
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cessary functionality. Example functions, such as “fit” and “scatter,” are created
to perform the required operations.

The third stage of the methodology focuses on integrating the Python func-
tions with Excel using the Office JS library. This integration enables seamless
communication and interaction between Excel and Python. The Pythonista li-
brary is employed to bridge the gap between the two platforms, allowing for the
smooth transfer of data and information. The Python functions are developed
and exposed as an API, which can be invoked through Office JS. This integration
ensures that the necessary data for processing is effectively passed between Excel
and Python.

To validate the effectiveness and correctness of the integrated system, pilot
testing is conducted. Multiple test cases are employed to thoroughly evaluate the
performance of the integrated functions. The functions are tested against various
scenarios to ensure they meet the identified user needs and perform as expected.
This rigorous testing and validation process helps verify the functionality and re-
liability of the integrated system.

Once the integrated functions have been successfully tested and validated, the
Python code is published as an API and configured in a library repository. This
publication and configuration make the functions easily accessible to end-users,
allowing them to enhance Excel’s data-handling capabilities within their envi-
ronments. Other users can utilize the integrated functions seamlessly, promoting
the widespread adoption and utilization of the enhanced functionalities within
the Excel platform.

In summary, the scientific research methodology proposed in this study offers
a systematic approach to improve Excel’s data handling capabilities and enable
cluster generation. By following this methodology, users can identify their spe-
cific needs, develop customized Python functions, integrate them with Excel us-
ing the Office JS library, Figure 3 illustrates the library lifecycle conduct pilot
testing, and ultimately publish and configure the functions for widespread use.
This methodology empowers users to leverage the capabilities of Python and
Excel in tandem, facilitating efficient data processing, analysis, and cluster gen-
eration within the Excel platform, Figure 4 illustrates the interaction between
Pythoneer and Pythonista.

[ Identification ]

[ Publishing ] [ Design ]

{ Testing } [ Develop ]

Figure 3. Development life cycle.
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Design Python

. I
Function

Pythoneer

Develop Python
Code

|

Publish Python code
to the Library

!

Use Ready Made
python Function

Pythonista

Figure 4. Pythonista and pythoneer interactions.

5. Contribution

This paper explores the potential of integrating Python and Office JavaScript
(Office JS) to enhance the capabilities of Microsoft Excel without relying on
cloud services. Figure 5 explains the overview of the proposed Architecture by
leveraging Excel and Python and this integration is done on a local server to en-
sure that code is executed locally, leveraging this integration on a local server
through SSL connection which also ensures privacy and data security by avoid-
ing any internet connectivity, developers can create functions that facilitate

seamless communication between software engineers and end-users.

Proposed Architecture

Local Server

®—><—> @ python

End User Excel

Figure 5. Overview of proposed Architecture.

The Python and Office JS functions can monitor and respond to user actions
within the Excel application. For instance, they can detect user clicks or other
events triggered by user interactions.

Moreover, the integration of Python and Office JS enables direct interaction
between the user interface and the underlying Python engine on the local server.

Users can input data into cells and utilize ready-made libraries provided by the
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functions for complex calculations and task automation, all within the familiar
Excel environment.

Importantly, the development process for Python and Office JS functions does
not require expertise in Visual Studio and .NET languages. Developers can leve-
rage existing libraries and APIs in Python and Office JS to define the functional-
ity of the functions. This simplifies development while ensuring data privacy and
security by running the integration on a local server.

By combining Python and Office JS functions on a local server, the integration
provides an efficient and customizable solution for enhancing Excel’s capabilities
while maintaining privacy and data control.

Table 2 below compares the proposed solution in the paper compared by the
Microsoft solution.

Table 2. Microsoft and Pythonista library.

Aspect Microsoft Pythonista library
Running on Microsoft Running on the local
Security Cloud and has network doesn’t require
enterprise-level security an internet connection
Depends on local
Scalability Has more Scalability P , .
servers’ capacity
X X L. Can add more functions
widely functions Limited
as needed
Runtime Anaconda Utilizes Python runtime
customizable Limited Highly customizable
No Requires setu
Immediate use Yes 4 . P
and configuration
5.1. Coding

In this research, we have developed a set of Python functions called Pythonista,
which includes various functions for handling numbers. Specifically, we have
implemented the following functions: Data Mining Clustering (K-Means) and
Statistical Functions (Uniform, Normal, Gamma).

As a prototype, we focus on discussing the K-Means Clustering function,
which leverages the K-Means algorithm to group similar objects into clusters.
K-Means analyzes data points and iteratively assigns them to clusters based on
their similarity, making it ideal for tasks like customer segmentation or image
compression. This function, integrated into Excel using Office JS, allows users to
cluster data within their spreadsheets.

The K-Means Clustering function utilizes the developed Python function to
perform the clustering algorithm. It takes the input data from Excel and applies
the K-Means algorithm to group the data points into clusters. The resulting
clusters are then visually represented using a graph generated by the Python

function. The final output is displayed in an Excel sheet, providing users with a
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comprehensive visualization of the clustering results.

By integrating the Python function with Excel through Office JS, we have
enabled users to leverage the advanced data-handling capabilities of Python
within their familiar Excel environment. This integration allows for seamless
data transfer and analysis, empowering users to efficiently perform clustering
tasks and visualize the results directly within Excel.

The Pythonista set of functions, including the K-Means Clustering function,
serves as a proof-of-concept for enhancing Excel’s data handling capabilities and
extending its functionalities using Python. This research demonstrates the po-
tential of integrating Python-based algorithms into Excel through Office JS,
opening up new possibilities for data analysis and visualization within the Excel
platform.

Code snapshot

Below Figure 6 shows how we can create a function that accepts the selected

data in Excel and generates the K-means scatter graph.

Figure 6. Python code to receive and process Data.

Figure 7 shows how we can create a office JS function to collect the fields in

Excel and send the post call then display the graph in the user spreadsheet.

Figure 7. Data reading using Office JS and sending it.

5.2. Testing

To test the Pythonista function set prototype, the following steps should be fol-
lowed:

Open Excel and enable the Pythonista library Add-ins.

Select a range of data in two columns. Click the K-means button from the Da-
ta Mining list. The prototype will analyze the data and display the graph directly
in Excel as shown in Figure 8.
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Figure 8. Test result.

6. Conclusion

This paper aimed to combine Python languages with spreadsheets. By eliminat-
ing the need for Python coding, we have simplified the process and made data
analysis in Excel more accessible, when Python and Microsoft Excel work to-
gether, they can solve many different problems related to analyzing and auto-
mating data. This research has given us useful information about how this com-
bination can be used in real-life situations, with clear steps to follow and actual
results. As more and more people work with big sets of data and want to find
better ways to understand and show that data, using Python and Excel together
becomes a really good idea. In the future, as new tools and libraries are devel-
oped, this combination will become even more powerful, creating new possibili-
ties for people in different fields of work, Moreover, this prototype can be ex-
tended by adding a wider range of Python libraries and functionalities like (KNN,
enabling users to leverage advanced capabilities for data analysis, machine learn-
ing, and visualization. In addition, you can explore the important statistics, these
extensions may require developing plugins or APIs to integrate with popular
Python libraries. Additionally, enhancing the performance of the integration is
important, which can be achieved by implementing efficient algorithms, and ex-
ploring parallel processing options. Enhancing the user interface and experience
would increase accessibility and usability, interactive visualizations, and guided

wizards.

7. Future Work

The prototype can be extended by adding a wider range of Python libraries and
functionalities like (KNN, enabling users to leverage advanced capabilities for data
analysis, machine learning, and visualization. In addition, you can explore the
important statistics, These extensions may require developing plugins or APIs to
integrate with popular Python libraries. Additionally, enhancing the performance
of the integration is important, which can be achieved by implementing efficient
algorithms, and exploring parallel processing options. Enhancing the user inter-
face and experience would increase accessibility and usability, interactive visua-

lizations, and guided wizards.
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