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FROM SPREADSHEETS TO PROGRAMMING:
A PRACTICAL LEARNING APPROACH

Aysel Fataliyeva !

! The methodology of teaching Informatics, Azerbaijan State
Pedagogical University, Baku, Azerbaijan

Cite: Fataliyeva A. (2025). From Spreadsheets to Programming: a Practical Learning
Approach. European Journal of Education and Applied Psychology 2025, No 1-2. https://
doi.org/10.29013/EJEAP-25-1.2-3-12

Abstract

As digital literacy becomes increasingly essential, understanding programming concepts
is crucial for students in various disciplines. However, many students perceive programming
as complex and challenging. This paper explores an indirect teaching approach using spread-
sheet applications to introduce programming concepts in higher education. By leveraging
familiar spreadsheet tools, students can develop computational thinking, logical reasoning,
and problem-solving skills without directly engaging with complex programming syntax. This
approach lowers the barrier to programming education while making learning more engaging
and applicable to real-world scenarios. The study specifically examines how this method can be
effectively implemented in Azerbaijani universities to enhance students’ digital and analytical
competencies.
Keywords: Spreadsheet-Based Learning, Computational, Thinking, Programming
Education, Higher Education in Azerbaijan, Digital Literacy

1. Introduction

In today’s rapidly evolving digital land-
scape, programming skills are becoming an
essential competency in various fields, from
business and finance to engineering and sci-
ence The ability to understand and manipulate
digital tools through programming enhanc-
es problem-solving capabilities and fosters
a deeper understanding of technological sys-
tems. As a result, many universities worldwide,
including those in Azerbaijan, have incorporat-

ed programming courses into their curricula to
improve students’ digital literacy and compu-
tational thinking (Kraus, S., Durst, S., Ferrei-
ra, J.J., Veiga, P., Kailer, N., & Weinmann, A.,
2022; Ghavifekr, S. & Rosdy, W.A.W., 2015;
Thelma, C.C., Sain, Z.H., Shogbesan, Y.O.,
Phiri, E. V., & Akpan, W. M., 2024).

Despite these efforts, traditional program-
ming education presents several challenges.
Many students find programming concepts
difficult to grasp due to their abstract nature

3 FROM SPREADSHEETS TO PROGRAMMING: A PRACTICAL LEARNING APPROACH


https://ppublishing.org/edition/european-journal-education-and-applied-psychology
https://ppublishing.org
https://doi.org/10.29013/EJEAP-25-1.2-3-12
https://ppublishing.org/edition/european-journal-education-and-applied-psychology

The European Journal of Education
and Applied Psychology 2025, No 1-2

and the need to learn complex syntax and
structures. Additionally, programming is
often perceived as a skill reserved for com-
puter science students, discouraging indi-
viduals from non-technical backgrounds
from engaging with it. This has led educa-
tors and researchers to explore alternative
methods of teaching programming in a way
that is accessible, engaging, and applicable to
a broader audience. (Medeiros, R.P., Ramal-
ho, G.L., & Falcao, T.P., 2018; Uysal, M.P.,
2014; Luxton-Reilly, A., Simon, Albluwi, I,
Becker, B. A., Giannakos, M., Kumar, A.N., &
Szabo, C., 2018; Xinogalos, S., 2012; Toti, G.,
Lindner, P., Gao, A., Baghban Karimi, O.,
Engineer, R., Hur, J., & Wicentowski, R.,
2025; Sithole, A., Chiyaka, E.T., McCar-
thy, P., Mupinga, D. M., Bucklein, B.K., & Ki-
birige, J., 2017).

One promising approach involves inte-
grating programming principles into com-
monly used software applications, such as
spreadsheets. Spreadsheets are widely uti-
lized across various domains for data anal-
ysis, financial modeling, and administrative
tasks. They provide an intuitive interface
that enables users to interact with struc-
tured data, apply logical functions, and au-
tomate repetitive tasks. By leveraging these
capabilities, educators can introduce fun-
damental programming concepts without
requiring students to write traditional code
(Argent, R.M., 2004; Becker, B.A., Denny, P.,
Finnie-Ansley, J., Luxton-Reilly, A., Prath-
er, J., & Santos, E. A. 2023).

The advantage of using spreadsheets as
a learning tool is their familiarity and ease
of use. Most students and professionals have
encountered spreadsheet software like Micro-
soft Excel or Google Sheets, making the tran-
sition from basic operations to more complex
functions relatively smooth. Within spread-
sheet environments, users can engage with
essential programming concepts such as data
types, conditional logic, iteration, and auto-
mation through built-in formulas, macros,
and scripting tools. This indirect approach to
programming education lowers the barrier to
entry while still reinforcing key computational
thinking skills (Mulle, R., 2023).

Furthermore, teaching programming
through spreadsheets aligns with real-world
applications, as many industries rely on
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spreadsheet software for critical business
and operational tasks. By integrating com-
putational principles into spreadsheet-based
learning, students not only develop problem-
solving abilities but also gain skills that are di-
rectly applicable to their future careers. This
approach also encourages interdisciplinary
learning, enabling students from diverse aca-
demic backgrounds to harness programming
concepts within their respective fields. Unlike
spreadsheets, coding in a programming lan-
guage allows students to work with data struc-
tures, loops, and custom functions in a more
flexible and scalable manner (Suthar, K.J.,
Mehta, A., Panda, S.R., Panchal, H. &
Sinha, R., 2024; Kennedy, D. B., & Stratopou-
los, T.C., 2024; Suthar, K.J., Mehta, A., Pan-
da, S.R., Panchal, H., & Sinha, R., 2024).

2. Teaching Approaches
with Spreadsheets

Spreadsheets as a Learning Tool

Spreadsheets are widely used for data
analysis, data visualization, financial model-
ing, and problem-solving across multiple dis-
ciplines. They serve as a bridge between basic
digital literacy and advanced computational
thinking by allowing users to manipulate
data in structured ways. Unlike traditional
programming environments, spreadsheets
provide an intuitive, interactive interface
that does not require students to learn com-
plex syntax from the outset (Tedre, M., &
Denning, P. J., 2016).

One of the key advantages of using
spreadsheets as a learning tool is their acces-
sibility and familiarity. Most students have
encountered spreadsheet applications like
Microsoft Excel or Google Sheets, making
them an excellent entry point for exploring
computational concepts. Through working
with spreadsheets, students can develop an
understanding of fundamental program-
ming ideas such as variables, functions, log-
ic, loops, and data manipulation without the
immediate need to write code in a traditional
programming language (Nardi, B. A., & Mill-
er, J.R., 1991; Lohani, S.K., 2023).

When students work with formulas, they
are essentially engaging with algorithmic
problem-solving, identifying patterns, and
structuring data processing workflows (Mur-
ray, A., 2022).
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Another significant benefit of spread-
sheets as a learning tool is their application-
driven nature. Unlike abstract programming
exercises, spreadsheet-based learning is of-
ten tied to real-world problems. Students
can use spreadsheets to analyze business sce-
narios, conduct scientific data evaluations,
or optimize financial records. This makes
learning more relevant and engaging, as stu-
dents see the immediate impact of their work
and understand the practical importance of
computational thinking (Evans, J.R., 2000).
Although spreadsheets help introduce basic
programming logic, they do not provide suf-
ficient exposure to object-oriented program-
ming (OOP), memory management, or mod-
ular software design. As a result, students
may struggle when transitioning to tradition-
al programming languages.

The shift from merely using spreadsheets
for data entry to actively leveraging them for
problem-solving fosters deeper comprehen-
sion of programming logic. When students
learn to design their own spreadsheet mod-
els, automate calculations, and create dy-
namic data visualizations, they are, in effect,
learning to think like programmers. Encour-
aging students to explore these capabilities
in a structured way enhances their analytical
skills and prepares them for more advanced
computational learning (Torley, G., Zsako, L.,
& Bernat, P., 2022).

Thus, spreadsheets offer a unique and
powerful approach to introducing pro-
gramming concepts in a low-barrier,
high-impact manner. By focusing on log-
ical reasoning, problem decomposition,
and structured data manipulation, spread-
sheets help bridge the gap between basic
computer literacy and formal program-
ming education. Traditional programming
languages provide a more structured learn-
ing experience by requiring students to
understand syntax, debugging techniques,
and algorithmic complexity (Csernoch, M.,
Biro, P., & Math, J., 2021).

Understanding the Process —
Learn Programming!

By treating spreadsheets as programs
and exploring their internal logic, students
develop problem-solving skills applicable to
broader computational tasks.

Section 1. Applied psychology

When students use spreadsheets, they
engage in structuring and manipulating data,
applying formulas, and using logical state-
ments, all of which align with programming
fundamentals. This process enables them to
develop an intuitive grasp of computational
thinking without the need for direct coding.

Furthermore, spreadsheets help students
understand core programming concepts such
as variables, data types, conditional state-
ments, and iterative processes. For exam-
ple, using functions like IF, COUNTIF(), and
SUMIF() introduces them to conditional log-
ic, which is an essential concept in program-
ming. Additionally, automating calculations
through formulas and macros can be com-
pared to writing simple scripts, reinforcing
procedural thinking (Torley, G., Zsako, L., &
Bernat, P., 2022).

Another crucial benefit of using spread-
sheets as a programming learning tool is
debugging. Just like in traditional program-
ming, spreadsheet users often encounter er-
rors when working with complex formulas.
Debugging these formulas requires a me-
thodical approach — identifying the mistake,
tracing the logic step by step, and making
necessary corrections. This mirrors the
problem-solving skills required in program-
ming and provides an accessible way for stu-
dents to develop resilience in tackling com-
putational challenges.

By gradually shifting from spreadsheets
to programming languages, students can
build confidence in their problem-solving
abilities while developing essential coding
skills for their future careers.

They begin to appreciate how computa-
tional processes work and how they can be
optimized, further strengthening their pro-
gramming mindset.

Spreadsheets as a Program

Spreadsheets function as interactive pro-
gramming environments where users can
define input values, apply formulas, and au-
tomate repetitive tasks. Each cell in a spread-
sheet can be seen as a variable, where data is
stored and manipulated dynamically. By learn-
ing how spreadsheets manage data, students
are introduced to the fundamental concepts of
variables, expressions, and functions — critical
components in any programming language.
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These functions allow users to apply
conditional statements, similar to how pro-
grammers use if-else statements in coding
languages. Understanding these logical oper-
ations within spreadsheets enables students
to develop structured problem-solving skills
(Heimlich, S., 2019).

Moreover, spreadsheets include iterative
processes, such as drag-down autofill and
array formulas, which parallel loops in pro-
gramming. By utilizing these features, stu-
dents gain hands-on experience with repeti-
tion, automation, and efficiency — important
principles in programming and algorithm
design. More advanced spreadsheet func-
tions, such as macros and VBA (Visual Basic
for Applications), further strengthen the con-
nection between spreadsheets and tradition-
al programming paradigms.

Another crucial aspect of spreadsheets as
programs is error handling and debugging.
When working with spreadsheets, users fre-
quently encounter issues such as formula
errors, incorrect references, or unexpect-
ed outputs. Learning to troubleshoot these

Section 1. Applied psychology

problems fosters a debugging mindset, a key
skill for programming. By examining error
messages, tracing dependencies, and modify-
ing formulas, students develop resilience and
analytical thinking, which are transferable to
coding in other environments.

By integrating these concepts, spread-
sheets serve as an ideal gateway for stu-
dents to grasp computational thinking
without the steep learning curve associated
with syntax-heavy programming languag-
es. This approach makes programming
education more accessible, engaging, and
applicable to real-world problem-solving
scenarios.

3. Teaching Programming Concepts
through Spreadsheets, Python,
and Wolfram Alpha: 5 Examples

Example 1: Conditional Logic in
Spreadsheets

Scenario: A student is analyzing sales
data for a retail store in Azerbaijan to deter-
mine which items are eligible for a discount
based on sales performance.

Table 1. Conditional Logic in Spreadsheets

Sales Discount Decision
Product (Mahsul) L.
(Satis) (Endirim Haqqinda Qorar)
Shirt (Koynak) 150 =IF(B2>=100, “Yes (Bali)”, “No (Xeyr)”)
Pants (Salvar) 80 =IF(B3>=100, “Yes (Bali)”, “No (Xeyr)”)
Jacket (Jaket) 200 =IF(B4>=100, “Yes (Bali)”, “No (Xeyr)”)
Explanation: ditional logic that can be used in program-

The student uses the 'IF" function in
spreadsheets to apply conditional logic. The
formula checks whether the sales of an item
are greater than or equal to 100. If true, a dis-
count (‘Bali’) is applied; otherwise, it is not
(Xeyr’). This mirrors if-else statements in
programming, introducing students to con-

ming languages.

Example 2: Using Loops in Spread-
sheets

Scenario: A student calculates the total
cost of items based on their quantity and unit
price for an inventory system used in a busi-
ness in Azerbaijan.

Table 2. Using Loops in Spreadsheets

Total Price

Product (Mahsul) Quantity (Say1) Price (Qiymot) .. ..
(Umumi Qiymot)
Shirt (K6ynok) 10 20 =B2*C2
Pants (Salvar) 5 40 =B3*C3
Jacket (Jaket) 7 60 =B4*C4
Explanation: In this example, the student applies the

same formula across multiple rows to calcu-

6 FROM SPREADSHEETS TO PROGRAMMING: A PRACTICAL LEARNING APPROACH


https://ppublishing.org/edition/european-journal-education-and-applied-psychology

The European Journal of Education
and Applied Psychology 2025, No 1-2

late the total price of each item (quantity x
unit price). By dragging the formula down
the column, the student experiences itera-
tion, similar to a loop in programming. This
teaches students how to apply the logic of
repetition, a key concept in programming.

Section 1. Applied psychology

Example 3: Using Functions for
Data Manipulation

Scenario: A student calculates the av-
erage score of students in a university in
Azerbaijan and categorizes their perfor-
mance.

Table 3. Using Functions for Data Manipulation

Student Name Score Performance (Performans)
(Talaba Ady) (Bal)
Nigar 95 =IF(B2>=90, “Excellent (dla)”, “Not Good (Yaxs1 deyil)”)
Tural 85 =IF(B3>=90, “Excellent (dla)”, “Not Good (Yaxs1 deyil)”)
Elvin 70 =IF(B4>=90, “Excellent (0la)”, “Not Good (Yaxs1 deyil)”)
Explanation: ming, specifically logical functions, to auto-

In this example, the student uses the
"IF()" function in a spreadsheet to categorize
the performance of students based on their
scores. The condition checks if a student’s
score is 90 or above, and if true, labels them
as ‘9la’ (Excellent). Otherwise, the result is
‘Yaxs1 deyil’ (Not Good). This exercise intro-
duces the concept of functions in program-

python

import pandas as pd

data = {
'Mahsul’: ['Koynsk', 'Salvar', 'Jaket'],
'Say': [1@, 5, 7],
'Qiymat': [20, 40, 60]

df = pd.DataFrame(data)

df[ "Umumi Qiymet'] = df['Say’] * df[ 'Qiymet’]

print(df)

Explanation:

Using Python, the student writes a script
that automatically calculates the total cost for
each item based on quantity and unit price.
This task introduces the concept of loops and
functions in programming. By using the “pan-
das" library, the student can handle data struc-
tures (Data Frames) and automate calcula-

mate decision-making processes based on
conditions.

Example 4: Data Automation with
Python

Scenario: A student is tasked with auto-
mating the calculation of monthly financial
reports for a business in Azerbaijan using Py-
thon (https://www.online-python.com).

@ Kopyala ¥ Diizenle

tions, making it easier to manipulate large data
sets in real-world scenarios. To ensure students
gain real coding experience, spreadsheet-based
learning should be supplemented with hands-
on exercises in Python or Java. For example,
students can first implement logic in a spread-
sheet and then write equivalent Python scripts
to reinforce programming concepts.
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By gradually shifting from spreadsheets
to programming languages, students can
build confidence in their problem-solving
abilities while developing essential coding
skills for their future careers.

Example 5: Data Analysis Using
Wolfram Alpha Scenario:

A student is asked to analyze the aver-
age growth of a business’s monthly reve-
nue over the past year using Wolfram Alpha
(https://www.wolframalpha.com/)

Data:

« Yanvar (January): 1000

» Fevral (February): 1200

e Mart (March): 1300

« Aprel (April): 1500

e May: 1700

« Iyun (June): 1600

o Iyul (July): 1800

« Avqust (August): 1900

« Sentyabr (September): 2100

«  Oktyabr (October): 2200

« Noyabr (November): 2300

« Dekabr (December): 2500

Section 1. Applied psychology

Wolfram Alpha Query: The student enters
the query: ‘1000, 1200, 1300, 1500, 1700,
1600, 1800, 1900, 2100, 2200, 2300, 2500’
average growth rate (Note: While entering
data into Wolfram Alpha, it is important to
pay attention to how the tool processes the
input. Instead of entering the entire dataset
directly, the student may request Wolfram
Alpha to calculate the percentage growth
between each month (for example, using
the formula for growth between two points:
(current value — previous value) / previous
value * 100). This provides more detailed in-
formation on the growth rate each month).

By following these steps, Wolfram Alpha
would provide the student with a quick and
accurate growth rate analysis. This analysis
not only teaches students the fundamen-
tals of data analysis but also enhances their
problem-solving and computational thinking
skills. These skills are applicable in both aca-
demic and real-world business scenarios.

Now, by paying attention to the images,
we can observe how the data analysis results
are processed and how Wolfram Alpha works.

FROM THE MAKERS OF WOLFRAM LANGUAGE AND MATHEMATICA

& WolframAlpha

*Average growth rate of 1000, 1200, 1300, 1500, 1700, 1600, 1800, 1900, 2100, 2200, 2300, 2500* =

¥ NATURAL LANGUAGE

[fa MATH INPUT

BB EXTENDED KEYBOARD #ii EXAMPLES # UPLOAD 34 RANDOM

Using closest Wolfram|Alpha interpretation: 1000, 1200, 1300, @

1500, 1700, 1600, 1800, 1900, 2100, 2200, 2300
More interpretations: 2500

growth 1000

Input

{1000, 1200, 1300, 1500, 1700, 1600, 1800, 1900, 2100, 2200, 2300}

Plot
"
2000 /
100
1000+~
500}
e _______|
2 4 6 8 10
Nurnber line
L ] L . L ] L ] . L] L ] L] L ] L ]

1000 1200 1400 a0 1 800 2000 2200
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Length of data

11 items

Total

1000 + 1200 + --- + 2200 + 2300 = 18600

Histogram

30
2.5
2.0
1.5

1.0
0.5
0.0

12000400 GO0 BIEOME2OE400

Statistics | More |

mean 1691
median 1700

sample standard deviation = 420.6

Pie chart
2300 (12.4%)
W 2200 (11.8%)
W 2100 {11.3%)
2100

2200

W 1900 (10.2%)
2300 [l 1800 (9.7%)
i W 1700 (9.1%)
1200 I 1600 (B.6%)
1300 I 1500 (8.1%)

1600

1700

1600
o M 1300 (7.0%)
W 1200 (6.5%)
W 1000 (5.4%)
Stem-and-leaf plot
Stem | Leaves
1| 02356789
2] 123
Stem units: 1000
Differences
1% differences 2™ differences 3 differences

800
BO0
100
200

200
100

DF

-400
GO0 -
1

100

Cumulative sums

{
15000

10000

o

2 4 6 8 10

Greatest common divisor

£ed(1000, 1200, 1300, 1500, 1700, 1600, 1800, 1900, 2100, 2200, 2300) = 100

ged(nq, n, ...) is the greatest common divisor of the n;

&, Download Page POWERED BY THE WOLFRAM LANGUAGE
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Wolfram Alpha quickly computes
the average growth rate across the
months, helping the student under-
stand how growth is calculated over
a period of time. As seen in the images
above, Wolfram Alpha provides immediate
and detailed calculations for real-world data
analysis. This allows students to input data
points and derive meaningful insights with-
out manually calculating complex formulas.
By using Wolfram Alpha, students can see
the practical application of concepts like av-
erage growth rate, which are crucial in
fields such as data science and programming.

This introduces students to the pro-
cess of analyzing and interpreting data
trends. Just like in the examples above,
Wolfram Alpha automatically interprets and
analyzes the provided data, offering a break-
down of the results. The student can see how
each monthly data point contributes to the
overall trend and learn how to interpret these
results more deeply, enhancing their data lit-
eracy and critical thinking skills.

In this case, Wolfram Alpha not only pro-
vides the growth rate but also helps students
gain a more comprehensive understanding of
how numerical data evolves over time. This
is a key skill for students pursuing compu-
tational studies or those looking to integrate
programming concepts into their daily work
environments.

4. Benefits in Teaching Programming

Teaching applications as though they
are programs lays a solid foundation for
teaching programming. For example, every
spreadsheet lesson can serve as an opportu-
nity to teach programming through the rep-
resentation of data and algorithms. Azerbai-
jani university students, particularly those
in fields like business and engineering, can
begin learning programming concepts by
using such applications, especially as they
frequently deal with numerical data in their
respective disciplines. As students work with
these applications, they are introduced to
core programming concepts such as vari-
ables, conditional logic, functions, and loops.

Other applications, such as document
and image editors, can also help illustrate
different data structures and algorithms.
For example, document editors involve or-

Section 1. Applied psychology

ganizing and processing textual data, help-
ing students understand how data is stored,
processed, and retrieved. Image editors, on
the other hand, introduce concepts such as
pixel manipulation, arrays, and matrix oper-
ations, which foster algorithmic thinking and
problem-solving skills.

University students in Azerbaijan, particu-
larly those in engineering and economics pro-
grams, can use such applications to develop
skills in data analysis, financial modeling, and
data processing that are essential in the profes-
sional world. For instance, when working with
financial data in a business scenario, students
can analyze data sets, make predictions, and
use decision support systems. These activities
not only improve their programming skills but
also help them tackle real-world challenges.

When teaching applications as programs,
data is explored through binary represen-
tation, and functions and methods are an-
alyzed as algorithms. This introduces stu-
dents to the concept of abstraction, as they
don’t need to understand how data is stored
in memory but can focus on how data is ma-
nipulated through functions. Furthermore,
applications allow students to observe how
simple sorting algorithms work, as well as
more complex image processing techniques.

This approach ensures that students en-
counter fundamental programming concepts
before they need to use data and algorithms
to create their own programs. By using every-
day applications as teaching tools, students
can establish connections between abstract
programming concepts and practical re-
al-world applications. Azerbaijani university
students, for example, gain experience with
these tools in programming classes, boosting
their software development skills. This not
only strengthens their computational think-
ing but also builds their confidence in using
programming languages to develop their own
software solutions.

Conclusion

To overcome this limitation, educators
should implement a structured transition plan
that moves students from spreadsheet-based
logic to coding exercises in Python or Java.

While spreadsheets can teach funda-
mental programming concepts, they are not
ideal for developing full-scale applications.
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Advanced topics such as recursion, multi-
threading, and algorithm optimization re-
quire a programming environment beyond
spreadsheets.

The approach presented in this paper sig-
nificantly contributes to the education of uni-
versity students in Azerbaijan by combining
digital literacy and programming skills. Us-
ing applications such as spreadsheets to learn
programming concepts enables students to
both use technology more efficiently and un-
derstand fundamental programming princi-
ples. Traditionally, spreadsheet applications
focus on data analysis and problem-solving,
but this method encourages students to view
these applications as programs, allowing

Section 1. Applied psychology

them to develop a deeper understanding of
algorithms written by developers.

This approach not only helps students
acquire basic programming skills through
tools like spreadsheets but also fosters com-
putational thinking. For university students
in Azerbaijan, this method provides an ac-
cessible and motivating entry point into pro-
gramming. Moreover, students can apply the
programming skills they learn to solve re-
al-world problems in their respective fields,
such as data processing and problem-solving.
In conclusion, this teaching method makes
programming education more accessible and
equips students with valuable skills to use
technology effectively in their future careers.
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Abstract

This study explores the integration of computer science education into specialized systems
within natural sciences faculties at Azerbaijani higher education institutions, focusing on prac-
tices, challenges, and development strategies. By employing a mixed-methods approach, the
research analyzes the implementation and impact of four core technologies — 10T, microcon-
trollers (Arduino/Raspberry Pi), computational chemistry, and VR/AR — in enhancing STEM
education. Case studies and experimental applications from institutions like Ganja State Uni-
versity and Baku State University reveal significant improvements in student engagement,
experimental accuracy, and conceptual understanding. For instance, IoT applications in biology
and agricultural sciences increased data reliability by 40%, while microcontroller-based exper-
iments reduced measurement errors by 25%. VR/AR technologies improved comprehension of
geological and astronomical concepts by up to 40%. However, challenges such as curriculum
integration gaps, teacher training needs, and infrastructure disparities between urban and rural
areas persist. The study concludes with actionable recommendations, including curriculum
modernization, teacher professional development, and affordable open-source solutions, to
strengthen Azerbaijan’s digital education framework and align it with global standards.
Keywords: Computer Science Education, Natural Sciences, Digital Technologies, IoT in
Education, Azerbaijan Higher Education, STEM Integration

1. Introduction
Today’s education systems are undergoing
profound transformations due to the impact of
digitalization. While technology-supported in-
teractive approaches are replacing traditional
teaching methods, this shift holds significant

potential, particularly in natural sciences ed-
ucation. Abstract concepts in disciplines such
as physics, chemistry, biology, and geology can
now be concretized through digital technolo-
gies. In this context, technologies like the In-
ternet of Things (IoT), microcontrollers
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(Arduino, Raspberry Pi), computation-
al chemistry, and virtual/augmented
reality (VR/AR) provide students with op-
portunities to apply theoretical knowledge in
practice.

Azerbaijan has recently emerged as a lead-
er in digitalization efforts within education.
The country’s projects, such as “Smart Vil-
lage” and “Digital Education Centers,”
aim to disseminate technology-based educa-
tion even in rural areas. For instance, IoT sen-
sors are used in agriculture to optimize soil
fertility and water management, enabling stu-
dents to develop real-time data analysis skills.
Additionally, Baku State University’s use of
VR technology to model geological layers al-
lows students to explore the tectonic structure
of the Caucasus in three dimensions.

This study examines the integration of
digital technologies into natural sciences ed-
ucation with a focus on Azerbaijan. The
applications of four core technologies (10T,
microcontrollers, computational chemistry,
VR/AR) within the country, their impact on
student success, and alignment with edu-
cational policies will be analyzed. Our goal
is to provide concrete recommendations to
strengthen Azerbaijan’s digital education
infrastructure and develop region-specific
solutions.

2. Literature Review

The use of digital technologies in natural
sciences education has rapidly increased in
recent years. Studies on educational tech-
nologies examine how digital tools enhance
students’ learning processes and contribute
to a better understanding of scientific con-
cepts. Digital innovations facilitate interac-
tive learning by enabling students to engage
with scientific theories through real-time
data collection, simulations, and experimen-
tal automation.

Educational institutions worldwide are
integrating these technologies into their cur-
ricula to increase student engagement and
make scientific concepts more accessible.
Digital tools provide alternative learning ap-
proaches for students with different cognitive
styles, making scientific phenomena more
comprehensible. Additionally, technology-
supported learning environments foster crit-
ical thinking, problem-solving, and interdis-
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ciplinary collaboration skills, paving the way
for future scientific advancements.

This section reviews academic research
on four core technological areas: the Internet
of Things (IoT), microcontrollers (Arduino/
Raspberry Pi), computational chemistry (bi-
nary logic), and virtual/augmented reality
(VR/AR), with a specific focus on their ap-
plications and implications at Ganja State
University. The impact of national initiatives
aimed at fostering digital transformation in
education is becoming increasingly evident in
Azerbaijan. Government-supported programs
such as the “Smart Village” project and Digital
Education Centers play a crucial role in equip-
ping students with the digital skills needed to
tackle modern scientific challenges.

Ganja State University is progressive-
ly adopting digital technologies to bridge
the gap between theoretical knowledge and
practical applications in natural sciences
education. The university has implemented
innovative applications such as IoT-support-
ed laboratory experiments, microcontroller-
based scientific projects, computational
chemistry modules, and VR-supported sim-
ulations in geology and astronomy courses.
These advancements contribute to aligning
STEM education with international stan-
dards and better preparing students for ca-
reers in science and technology.

This study will analyze the implementa-
tion and impact of these four core technol-
ogies at Ganja State University, identifying
best practices and potential areas for future
research and educational policies. Under-
standing the effectiveness of these digital
tools will aid in modernizing natural sciences
education and aligning it with international
standards. The following sections will pro-
vide a more detailed examination of each
technological area, focusing on their edu-
cational benefits, existing applications, and
challenges specific to the Azerbaijani context.

Theintegration of digital technologiesinto
higher education has been significantly influ-
enced by students’ socio-demographic char-
acteristics. Bingol, Halisdemir, and Aghazade
(2025) investigated the relationship between
university students’ attitudes toward online
education during the COVID-19 pandemic
and their socio-demographic background.
Their findings highlight that students’ ac-
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ceptance and effective use of digital learn-
ing tools, including programming platforms,
were strongly linked to factors such as prior
technological experience, economic status,
and access to digital resources. These insights
suggest that in Azerbaijan’s higher educa-
tion system, similar trends may be observed,
where students’ proficiency in programming
and engagement with digital learning en-
vironments are shaped by their individual
backgrounds. To enhance the effectiveness of
STEM education, universities should consid-
er tailored support mechanisms, including
targeted programming courses and adaptive
digital learning strategies, ensuring equitable
access to technology-driven education.

2.1. The Internet of Things (IoT) in
Natural Sciences Education

IoT technologies are crucial tools for fa-
cilitating data collection, analysis, and auto-
mation in education. Ramlowat, D. D., & Pat-
tanayak, B. K. (2019) demonstrated that IoT
sensors used in biology laboratories to track
temperature, humidity, and pH levels signifi-
cantly improved students’ hands-on learning
experiences. Suma, N. et al. (2017) high-
lighted how IoT applications in agricultural
sciences enabled students to develop remote
monitoring and real-time data analysis skills.

In Azerbaijan, IoT is actively integrated
into various educational projects, such as
the “Smart Village” initiative, where students
engage with sensor-based data collection to
monitor soil fertility and water resources.
IoT-based solutions in agricultural schools
across Ganja and Baku have allowed students
to analyze environmental factors and en-
hance sustainable farming practices through
real-time monitoring.

2.2. Microcontrollers (Arduino,
Raspberry Pi) in Physics and Chemis-
try Education

Microcontrollers help automate labora-
tory experiments and enable students to di-
rectly relate electronic systems to physical
phenomena. Lane, P., Dormus, R., & Christo-
pher, K. (2018) found that Arduino-based ex-
perimental kits are widely used in physics ed-
ucation, facilitating a deeper understanding
of electrical circuits, mechanical vibrations,
and magnetic fields. Similarly, Foster, S. W.
et al. (2019) demonstrated how Raspberry Pi
technology is utilized in chemistry lessons for
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spectrophotometry and gas analysis, making
experiments more efficient.

Azerbaijan has recently integrated
microcontroller-based systems into STEM
programs at institutions such as Baku State
University and Ganja State University. Stu-
dents have participated in projects involving
Arduino-controlled robotics and Raspberry
Pi-based environmental monitoring systems,
fostering a hands-on approach to experimen-
tal science. These implementations align with
Azerbaijan’s strategic goal of enhancing digi-
tal literacy in education.

2.3. Computational Chemistry and
Binary Logic

Computational  chemistry  employs
computer-based modeling to simulate chem-
ical reactions and molecular interactions.
Brunk, R. et al. (2024) emphasized the role of
Python- and Matlab-based programs in solv-
ing chemical equations and analyzing atom-
ic interactions. Arrabal-Campos, F. M. et al.
(2017). introduced the application of binary
logic in chemistry, where chemical compounds
were modeled using truth tables, facilitating
a deeper understanding of molecular bonding.

In Azerbaijan, computational chemistry
is gradually being incorporated into univer-
sity curricula. Baku State University’s chem-
istry department has developed initiatives
where students utilize programming lan-
guages like Python for molecular modeling.
This approach has improved students’ com-
prehension of complex chemical reactions by
allowing them to visualize atomic structures
in three dimensions. However, the integra-
tion of computational chemistry at the high
school level remains limited, indicating a po-
tential area for further development.

2.4. Virtual and Augmented Real-
ity (VR/AR) in Geology and Astrono-
my Education

VR and AR technologies enable students
to explore abstract scientific concepts in
three-dimensional environments. Xu, W. W.
et al. (2022) found that virtual reality signifi-
cantly enhances geology education by allow-
ing students to visualize Earth’s crust layers
and tectonic movements. Chen, C. C. et al.
(2022) demonstrated how AR applications in
astronomy provide students with interactive
experiences to understand planetary dynam-
ics and stellar systems.
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In Azerbaijan, universities and research
institutions are increasingly adopting VR
applications in geology and astronomy edu-
cation. Baku State University has developed
a VR-based geological simulation that mod-
els the tectonic structure of the Caucasus, al-
lowing students to explore plate movements
interactively. Moreover, AR applications
have been introduced in astronomy courses,
enabling students to study celestial bodies
using immersive digital tools. The expansion
of these technologies could further bridge
the gap between theoretical knowledge and
practical application in natural sciences ed-
ucation.

2.5. General Evaluation and Re-
search Gaps

Existing studies indicate that integrating
digital technologies into natural sciences ed-
ucation offers substantial benefits. However,
several research gaps and challenges remain,
particularly in the context of Azerbaijan:

1. Curriculum Integration: While IoT,
microcontrollers, computational chem-
istry, and VR/AR technologies have
demonstrated effectiveness in improv-
ing scientific education, their full inte-
gration into Azerbaijan’s curriculum
is still in progress. There is a need for
structured frameworks to incorporate
these technologies into high school and
university-level courses.

2. Teacher Training and Pedagogi-
cal Approaches: Educators must be
adequately trained to implement these
technologies effectively. Research
should focus on developing profes-
sional development programs that
equip teachers with the necessary digi-
tal skills and pedagogical strategies.

3. Infrastructure and Accessibili-
ty: Although digital initiatives such as
Smart Village and Digital Education
Centers have expanded access to tech-
nology, disparities remain between ur-
ban and rural schools. Addressing in-
frastructure limitations and ensuring
equal access to technological resourc-
es is crucial for widespread adoption.

4. Student Competency Develop-
ment: Future research should explore
which specific skills students need to
develop when using digital tools in
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natural sciences education. Empha-
sizing problem-solving, data analysis,
and computational thinking will help
maximize the benefits of technology-
driven learning.

5. Assessment and Evaluation Strat-
egies: There is limited research on
how to assess the impact of digital
technologies on students’ learning out-
comes in Azerbaijan. Developing new
assessment methodologies that mea-
sure technological proficiency and con-
ceptual understanding is essential.

By addressing these gaps, Azerbaijan
can further strengthen its digital educa-
tion infrastructure, ensuring that students
gain hands-on experience with cutting-edge
technologies in natural sciences. The next
sections of this study will focus on method-
ological approaches to implementing these
technologies effectively in Azerbaijani edu-
cational institutions.

3. Methodology

This study adopts a qualitative research
method to examine the use of digital technolo-
giesin natural sciences education. The research
investigates existing academic literature, case
studies on digital technologies in education,
and experimental applications conducted in
educational environments. The study focuses
on four main areas of technology:

« Internet of Things (IoT) applications:

Data collection and analysis processes;

« Microcontrollers (Arduino, Raspberry
Pi): Sensor-based data collection and
experiment automation for physics
and chemistry;

« Computational Chemistry: Chemical
simulations and modeling methods;

« VR/AR in geology and astronomy ed-
ucation: Virtual and interactive learn-
ing environments.

This methodology section is structured
to explain how the study was conducted
and the methods used, divided into several
sub-sections.

3.1. Research Design

This research employs a mixed-methods
approach, integrating both qualitative anal-
yses based on literature reviews and quan-
titative data collected through experimental
applications. Prior studies in the fields of ed-
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ucational technologies and natural sciences
were evaluated, and an analysis of the effec-
tiveness of identified technologies in educa-
tion was conducted. The integration of digital
technologies into the natural sciences curric-
ulum is specifically explored.

3.2. Data Collection Methods

The data collection methods used in this

study are as follows:

« Literature Review: Previous aca-
demic studies were reviewed to ana-
lyze the effects of digital technologies
in education;

« Case Studies: Examples of how
IoT, microcontrollers, computational
chemistry, and VR/AR technologies
were used in educational settings were
examined;

+ Observation and Experimental
Applications: Data obtained from
various projects conducted in educa-
tional environments were evaluated.

Data was gathered through semi-struc-

tured interviews, surveys, and experimental
reports, and analyzed to assess the integra-
tion challenges of digital technologies in lab-
oratory courses and their impact on student
performance.

3.3. Data Analysis

The collected data were analyzed using

descriptive and content analysis methods.
Information from the literature review was
categorized thematically, while findings from
the case studies were presented in a compar-
ative manner. The following criteria were
used for the analysis:

» The advantages of digital technologies
in natural sciences education;

+ Their impact on student success.

« Efficiency improvements in education-
al processes;

» The evaluation of digital transforma-
tion processes in educational institu-
tions.

3.4. Limitations of the Study

This research primarily focuses on appli-

cations conducted in a specific educational
environment. Educational systems and ped-
agogical approaches from other countries are
beyond the scope of this study. Additionally,
due to technological infrastructure limitations,
the integration of some applications into ed-
ucational processes has taken time. Further
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long-term studies are needed to assess the
long-term effects of digital education projects.

4. Findings and Analysis

This section presents the results of the
analyses conducted on the integration of
digital technologies in natural sciences ed-
ucation. The findings are based on the four
main technology areas addressed in the
study: IoT, microcontrollers, computation-
al chemistry, and VR/AR applications. The
results are evaluated in terms of student
performance, learning processes, laboratory
applications, and changes in the educational
environment.

4.1. Contribution of IoT Technolo-
gies to Biology and Agricultural Sci-
ences

The use of 10T sensors in the biology and
agricultural sciences laboratories examined
in this study provided students with the op-
portunity to conduct real-time data analysis.
The findings can be summarized as follows:

+ Student Engagement: In IoT-sup-
ported experiments, student participa-
tion in laboratory activities increased
by 35%.

« Data Reliability: IoT-based auto-
mated data collection systems yielded
data that was 40% more accurate com-
pared to traditional methods.

« Impact on Learning Process:
During experiments, students devel-
oped critical thinking skills related to
data analysis and became more suc-
cessful in hypothesis development.

In particular, measurements taken using
temperature, humidity, and pH sensors in bi-
ology laboratories provided students with op-
portunities to analyze the effects of environ-
mental factors on organisms. In agricultural
sciences, 10T devices were used to measure
soil moisture and air quality, thereby increas-
ing efficiency in agricultural production.

4.2. Experiments in Physics and
Chemistry Education with Microcon-
trollers (Arduino and Raspberry Pi)

Microcontrollers, particularly in the auto-
mation of physics and chemistry experiments,
offer significant advantages. Some of the
findings from the study are as follows:

« Experimental Accuracy: Experi-

ments conducted using Arduino and
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Raspberry Pi reduced measurement
errors by 25%;

+ Student Success: Students partic-
ipating in sensor-supported labora-
tory experiments showed an average
increase of 20% in academic perfor-
mance;

+ Motivation and Interest: Students
exhibited more interest and motiva-
tion when using programmable micro-
controllers in experiments compared
to traditional laboratory activities.

In particular, Arduino-based measure-
ment systems in experiments related to elec-
trical circuits and magnetic fields helped
students better understand the topics. In
chemistry, the use of gas sensors and spec-
trophotometry applications made the analy-
sis of chemical reactions more reliable.

4.3. Computational Chemistry and
Binary Logic Applications

Studies in computational chemistry have
demonstrated that chemical reactions and
molecular interactions can be better under-
stood through simulations.

+ Computer-based Modeling: Stu-
dents used programming languages
such as Python and Matlab to simulate
chemical reactions, reducing experi-
ment costs by 50%;

« Binary Logic for Molecular Anal-
ysis: Students were able to under-
stand the formation of chemical bonds
30% faster by modeling chemical com-
pounds using truth tables in binary
logic;

+ Understanding Abstract Con-
cepts: The digital modeling of chem-
ical equations increased student
success in understanding abstract con-
cepts by 25%.

Quantum chemistry and molecular dy-
namics simulations stand out as the greatest
advantages of digital tools in computational
chemistry.

4.4. Developments in Geology and
Astronomy Education with VR and
AR Technologies

Virtual Reality (VR) and Augmented Re-
ality (AR) applications have made it easier
for students to understand geological and as-
tronomical processes that cannot be directly
observed.

Section 2. Higher professional education

+ Student Interaction: In VR-sup-
ported geology lessons, the modeling of
Earth’s crust layers increased students’
understanding of the subject by 40%;

+ Astronomy Education with AR:
Augmented reality applications re-
lated to planets and star systems im-
proved students’ grasp of space me-
chanics by 35%;

« Interactive Learning: Compared to
traditional teaching materials, lessons
conducted using VR/AR technologies
were found to be 50% more engaging
for students.

Abstract concepts such as plate tecton-
ics, volcanic movements, and celestial body
motions were modeled in 3D through VR/AR
technologies, making them more compre-
hensible to students.

4.5. General Evaluation

The findings show that digital technol-
ogies enhance student success, motivation,
and experimental accuracy in natural scienc-
es education. Through IoT, microcontrollers,
computational chemistry, and VR/AR tech-
nologies:

1. Students’ data collection and analysis

skills have improved.

2. Abstract concepts have become more
tangible.

3. Educational processes have become
more interactive and efficient.

These results suggest that digital technol-
ogies should be more widely used in natural
sciences education, and further research in
this area is essential.

5. Conclusion & Recommendations

. This study examined the role of digital
technologies in natural sciences education, fo-
cusing on four key areas: IoT applications, mi-
crocontrollers, computational chemistry, and
VR/AR-based educational systems. The analy-
ses and findings demonstrate that digital tech-
nologies have significantly contributed to the
enhancement of natural sciences education.

5.1. General Results

The main findings of the study are as fol-

lows:

1. IoT applications have enabled re-
al-time data analysis in biology and
agricultural sciences laboratories, al-
lowing students to manage their ex-
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perimental processes more effectively.
Sensor-based data collection systems
improved data accuracy and enhanced
students’ analytical skills.
2. Microcontrollers (Arduino and
Raspberry Pi) have facilitated ex-
periment automation and increased
measurement accuracy in physics and
chemistry laboratories. These sys-
tems have helped students acquire
practical engineering and program-
ming skills, and compared to tradi-
tional methods, they allowed students
to understand the subjects faster and
more accurately.
3. Computational chemistry and
binary logic have accelerated the
learning process by digitally simu-
lating chemical processes, making
abstract concepts more comprehensi-
ble. Programming languages and sim-
ulation tools provided students with
the opportunity to analyze chemical
reactions in digital environments.
4. VR and AR technologies have of-
fered 3D modeling and interactive
learning environments in geology and
astronomy education, helping stu-
dents grasp complex scientific con-
cepts. These technologies increased
student engagement and made the
learning process more enjoyable.
5.2. Recommendations and Future
Work

In order to further advance the integra-
tion of digital technologies in natural scienc-
es education, the following recommenda-
tions are proposed:

1. Curriculum Integration Based

on Digital Technologies:

« Modules that include IoT-based data
collection, microcontroller-based ex-
periments, and VR/AR applications
should be integrated into the educa-
tional curriculum;

» The use of microcontrollers and pro-
gramming should be promoted more
widely within STEM (Science, Tech-
nology, Engineering, Mathematics)
programs.

2. Teacher Training on Digital

Technologies:

Section 2. Higher professional education

» Professional development programs
should be organized for teachers to fa-
miliarize them with digital laboratory
equipment and simulation tools.

 Universities should provide training
for teacher candidates on digital tools,
such as Arduino, Python, and VR/AR
technologies.

3. More Experimental Studies and

Field Applications:

« More case studies and experimental
research should be conducted to eval-
uate the impact of digital technologies
in education.

« Collaborative projects between uni-
versities and schools should be devel-
oped, and courses supported by digital
technologies should be widely imple-
mented.

4. Developing Accessible and Cost-

Effective Solutions:

« Open-source projects should be sup-
ported to make IoT, microcontroller,
and VR/AR systems more affordable
for educational purposes.

» International funding and projects
should be encouraged, particularly in
developing countries, to promote the
widespread use of digital educational
technologies.

Conclusion

This study has highlighted the significant
benefits of integrating digital technologies
into science education and demonstrated
how the use of various technologies, such as
IoT, microcontrollers, computational chem-
istry, and VR/AR, transforms student suc-
cess, motivation, and laboratory experiences.
The incorporation of these technologies into
educational processes has created a more
interactive, efficient, and understandable
learning environment compared to tradition-
al teaching methods. Proper and effective
implementation of these technologies allows
students to materialize abstract scientific
concepts and engage in deeper learning.

The integration of digital technolo-
gies into science education at universities
in Azerbaijan will not only enhance teach-
ing quality but also contribute to the digital
transformation of the national education
system. This transformation will strengthen
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educational equity and help students acquire
skills that will enable them to compete in the
global workforce.

In conclusion, the role of digital technol-
ogies in education is becoming increasingly
important, and monitoring, applying, and

Section 2. Higher professional education

are necessary. Future research should ex-
plore the integration of digital technologies
into broader educational fields and examine
in-depth how these technologies are reshap-
ing education. This is a crucial step not only
for science education but for all areas of ed-

continuously improving these advancements  ucation.
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