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Abstract

This literature review explores the use of genetic algorithms in
digital marketing, emphasizing their evolution and practical
applications. Inspired by natural selection, these algorithms have
become essential for optimizing campaign targeting, customer
segmentation, and decision-making. The study analyzes 36
selected papers published between 2008 and 2024, highlighting
the integration of genetic algorithms with artificial intelligence
and big data. Findings show how this technology enhances user
experience and improves marketing effectiveness in data-driven
environments. Current trends demonstrate their growing
relevance for real-time personalization and strategy
optimization, making them valuable tools in the digital
marketing landscape.
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Resumen

Esta revision de la literatura explora el uso de algoritmos genéticos
en el marketing digital, destacando su evolucion y aplicaciones
practicas. Inspirados en la seleccion natural, estos algoritmos se han
vuelto esenciales para optimizar la segmentacion de campaiias, la
segmentacion de clientes y la toma de decisiones. El estudio analiza
36 articulos seleccionados publicados entre 2008 y 2024, resaltando
la integracion de los algoritmos genéticos con la inteligencia
artificial y el big data. Los hallazgos muestran como esta tecnologia
mejora la experiencia del usuario y la efectividad del marketing en
entornos impulsados por datos. Las tendencias actuales demuestran
su creciente relevancia para la personalizacion en tiempo real y la
optimizaciéon de estrategias, convirtiéndolos en herramientas
valiosas en el panorama del marketing digital.
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Introduction

With the development of Computational
Intelligence, defined as the theory, design,
application, and development of computational
paradigms motivated by biological and linguistic
principles, three pillars have emerged: neural
networks, fuzzy systems, and evolutionary
computing [Zurada, 1994].

This article focuses on the latter, as
evolutionary computing, inspired by biological
evolution, has successfully solved optimization
problems by generating, evaluating, and
modifying a population of possible solutions.
Genetic algorithms, inspired by the process of
natural evolution, are search and optimization
techniques that mimic natural selection and
genetics.

They consist of the following
components: populations of chromosomes,
selection based on fitness, crossover to produce
offspring, and random mutations in the offspring
[Mitchell, 2001]. On the other hand, digital
marketing represents the evolution of
communication and promotion strategies
adapted to the online environment, where
customer interaction and personalization have
become essential.

Methodology

This approach relies on multiple digital
platforms and tools that enable companies to
effectively reach their audiences by adapting to
their interests and behaviors. In this context,
artificial intelligence [Al] has played a crucial
role, allowing the processing of large volumes of
data and optimizing interactions through
advanced techniques such as machine learning
and predictive analytics.

From ad personalization to email
campaign automation, Al—specifically genetic
algorithms—has enabled digital marketing
strategies to become more precise, efficient, and
aligned with real-time consumer expectations.
This allows businesses and marketing
professionals to make data-driven decisions,
personalize user experiences at an advanced
level, and continuously optimize their strategies
for better results. Given this background, the
present study aims to analyze the evolution and
impact of genetic algorithms in the field of
digital marketing. The methodology used in this
study includes the following steps:

ISSN: 2531-2995
RENIECYT: 1702902
ECORFAN® All rights reserved.

[1] Selection of articles published in the Web
of Science, Scopus, and Science Direct
databases, filtered using the keywords “Genetic
Algorithms,” “Digital Marketing,” and “Ad
Segmentation.”

[2] Chronological organization of the
selected articles to visualize the progression
from the earliest to the most recent studies.

[3] A systematic review to identify the
application of genetic algorithms in digital
marketing within each article, synthesizing the
applied approach and obtained results.

The search yielded a total of 67 articles
published up to March 12, 2024. However, only
36 articles were deemed relevant to our study.
After applying selection criteria to ensure the
studies were applicable to the research objective,
the most significant articles were identified and
chronologically organized to observe the
evolution of genetic algorithm applications and
trends in digital marketing over time. This
review provides a comprehensive and updated
overview of advancements in this field, allowing
for the identification of opportunities to enhance
the use of genetic algorithms within digital
marketing strategies.

Literature review

In the exploration of the application of genetic
algorithms in the field of digital marketing,
various studies have demonstrated the diversity
and effectiveness of this methodology in
improving decision-making and optimizing
processes, which we aim to analyze in this study.
In 2008, business strategies increasingly focused
on implementing expansive models that
integrated information technology [IT] systems
with enterprise information systems [EIS],
supported by business engineering approaches.

This integration enabled more efficient
business process management and fostered
robust supply chain strategies for delivering
digital content. At the same time, the adoption of
customer relationship management [CRM]
systems began to gain traction, facilitating
effective customer segmentation to personalize
offers and improve retention. Genetic algorithms
were also applied in hybrid production models to
optimize resource allocation and reduce costs.

Gutiérrez-Beltran, Brenda Yadira, Gomez-Barba, Leopoldo and
Preciado-Ortiz, Claudia Leticia. [2025]. A review of the use of genetic
algorithms in digital marketing. Journal-Financial Economy. 9[15]1-13:
el1915113.

https://doi.org/10.35429/JFE.2025.9.15.1.1.13
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These trends in the use of genetic
algorithms and artificial intelligence in 2008 laid
the foundation for business process optimization
and improved operational efficiency in an
increasingly digitalized business environment
[Steinhoff, 2008].

In 2009, technological advancements
continued to drive the evolution of more
efficient business strategies. The integration of
simulation models with genetic algorithms
became a key technique for generating aggregate
production plans that maximized company
profits. These approaches provided tools that
enabled management teams to make informed
decisions by selecting the best possible solutions
for production planning. The integrated system,
composed of an enterprise information system, a
database, simulation models, and a genetic
algorithm, provided managers with a
comprehensive view for long-term production
planning and the development of effective
marketing strategies.

This allowed companies to maximize
their profits by adapting to changing market
trends. These methodologies helped operational
managers make strategic, data-driven decisions,
integrating production planning with marketing
strategies that enhanced profitability. As a result,
they established a solid foundation for decision-
making in an increasingly digitalized business
environment [Rudas et al., 2009].

In the same year, data mining was
becoming an essential technique for uncovering
patterns and trends in customer data, enhancing
customer relationship management [CRM].
Despite its benefits, traditional tools such as
neural networks, which required long training
times, and genetic algorithms, which relied on
computationally intensive methods, presented
certain disadvantages. To address these
limitations, a study proposed a new approach
that combined RFM [Recency, Frequency,
Monetary| attributes with the K-means
algorithm and Rough Set [RS] Theory.

This method offered three key
advantages: first, it discretized continuous
attributes to improve the accuracy of rough sets;
second, it grouped customer value into three,
five, or seven classes to identify the best
precision; and third, it identified specific
characteristics to strengthen CRM.
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A dataset from a Taiwanese company in
the electronics industry was used to empirically
demonstrate the effectiveness of this procedure.
The method employed the RFM model as input,
K-means for clustering, and the LEM2 algorithm
to extract meaningful classification rules. The
results showed improved accuracy compared to
other methods, providing clear rules that
companies could wuse to enhance the
effectiveness  of  customer  relationship
management [Cheng & Chen, 2009].

In 2010, digital and computational
advancements, along  with  relationship
marketing, profoundly transformed the business
landscape. The digital revolution facilitated the
massive generation and collection of data, and
the Knowledge Discovery in Databases [KDD]
process emerged as a key method for extracting
valuable insights from this data. Data mining, as
an essential component of KDD, involved
extracting patterns from data through statistical
techniques and advanced algorithms.

In the business world, companies were
shifting from a mass marketing approach to a
relationship-based strategy, ushering in a new
era of Customer Relationship Management
[CRM]. CRM required building sustainable,
long-term relationships with customers and
carefully allocating resources to maintain them.
Customer Lifetime Value [CLV] became a
fundamental metric to justify resource allocation,
segmenting  customers based on their
contribution to the company.

This  historical context laid the
foundation for researchers and businesses to
apply statistical and data mining techniques to
predict CLV and its parameters. Among the
applied techniques were logistic regression,
decision trees, artificial neural networks, genetic
algorithms, fuzzy logic, and support vector
machines. A case study demonstrated how these
techniques could be used to estimate certain
CLV parameters in a direct marketing company,
highlighting the value of these tools in the era of
relationship marketing [Aeron et al., 2010].

Similarly, technological advancements
and the expansion of digital knowledge drove
companies to adopt more sophisticated
approaches in managing and optimizing their
business strategies.
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Among the most prominent research
topics that year were evolutionary knowledge
transfer models based on simulation, pricing
strategies for personalized products with
different quality levels, and optimization using
genetic algorithms to enhance profitability in
targeted marketing. Other studies focused on
automated negotiation in e-commerce using
reasoning-based agents and credit risk
assessment through a comparison of data mining
algorithms. Additionally, a supernetwork model
was  proposed  for  intra-organizational
knowledge transfer, and methods for predicting
stock market behavior were explored by
combining Kalman filters and wavelet modulus
maxima.

In the Chinese market, brand
maintenance strategies adopted by Nokia based
on the TD-SCDMA standard were analyzed,
while a fuzzy clustering model was used to
assess trust in e-commerce. Moreover, social
responses to crises through electronic media
were explored, and a case study documented the
digital preservation of electronic heritage,
focusing on the digital collection of the Penhas
family. These studies reflect a growing interest
in integrating advanced computational methods,
such as genetic algorithms, to improve strategic
decision-making in marketing and business
within an increasingly complex digital
environment [Li & IEEE Computer Society,
2010].

In 2011, a methodology was described to
integrate marketing and engineering concerns in
defining design specifications for new products.
The methodology includes generating perceptual
maps to understand market positions, developing
fuzzy regression models that relate customer
requirements to design attributes, formulating an
optimization model, and solving it using genetic
algorithms. The results show that this integration
enables more balanced and optimal design
decisions, as illustrated in a case study of a new
packaging machine. The conclusions highlight
the importance of integrating marketing and
engineering to optimize product design and the
effectiveness of genetic algorithms in solving
complex optimization models [Kwong et al.,
2011]. In 2014, a study was presented using the
systematic method of emotional design for the
hard interface of products based on Kansei
Engineering [KE] to design a product that
reflects users’ emotions, also employing genetic
algorithms to find the optimal design scheme [F.
Guo et al., 2014].
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In 2016, interactive evolutionary
computation was applied to develop a prototype
of a personalized design support system for
greeting cards, demonstrating the feasibility of
accommodating high user participation in digital
products [H.-F. Yang & Yang, 2016].

Around 2017, some authors utilized a
genetic  algorithm called TENSOR-G to
efficiently cluster large sets of multimodal data,
such as those found in social networks. The
primary purpose of applying this algorithm was
to discover linguistic communities in a
multilingual context, specifically using trilingual
social media data from Luxembourg. Given the
country’s rich linguistic and social diversity,
identifying these communities has significant
practical applications in fields such as digital
marketing and political campaigns, where
understanding interlinguistic dynamics is crucial
for effectively targeting different linguistic
groups [Georgios Drakopoulos et al., 2017].

In 2018, research explored the use of big
data alongside genetic algorithms to identify key
factors for optimizing digital advertising in
practice [M. Guo, 2018].

In 2019, an article was published
demonstrating how a modified genetic algorithm,
specifically NSGA-II, can be effectively used to
optimize microgrid operations, improving
economic efficiency, maximizing the use of
renewable energy, and minimizing costs for
users. This methodology provides a robust
solution to complex energy dispatch problems,
which involve multiple objectives and
constraints in distributed systems [Zhao et al.,
2019].

The approach proposed in the article
titled “A  Heuristic Hybrid Approach for
Community Detection,” published in 2020,
focuses on finding optimal communities by
maximizing the modularity metric of the entire
graph representing the social network as an
objective function. The paper presents a tabu
search method based on genetic algorithms for
community detection in social networks [Cheikh
et al., 2020].

On the other hand, the article “Optimal
Feature Selection for Decision Tree Induction
Using a Genetic Algorithm Approach — A
Model-Based Approach” was published,
proposing an advanced model for optimally
classifying data subsets.
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This approach employs a parallel
combination of two algorithms and a wrapper
method to prevent overfitting while maintaining
accuracy. A genetic algorithm is used to select
and classify chromosomes—data subsets with
specific attributes—based on their classification
accuracy, represented by a fitness score. By
reducing the size of the analyzed data, this
approach minimizes the risk of overfitting and

enables faster and more precise decision-making.

It is applicable in areas such as digital
marketing, consumer behavior analysis, and
more. Recent studies have utilized genetic
algorithms in consumer analysis. In 2020,
researchers proposed a decision tree model to
classify strategies in banking marketing, using
genetic algorithms to improve the accuracy of
their models [Yang & Chen, 2020].

Additionally, it has been highlighted how
genetic algorithms can facilitate decision-
making in marketing by processing and
analyzing large volumes of data to generate
deeper and more accurate insights. These studies
have been published in renowned journals such
as IEEE Access and Informatics-Basel, which
not only support the quality and relevance of the
research but also underscore the growing
acceptance  of advanced computational
techniques in marketing strategy [Gkikas et al.,
2022].

At the same time, enhanced evolutionary
approaches have been applied to solve complex
marketing problems, highlighting the flexibility
of genetic algorithms to adapt to wvarious
situations and improve business outcomes. The
methodologies used in these studies range from
simulation models to integration with advanced
analytical  techniques, = emphasizing the
adaptability and potential of genetic algorithms
to address complex challenges in digital
marketing. These approaches not only reinforce
the ability of genetic algorithms to adjust to
diverse needs and contexts in marketing but also
open new avenues for future research in resource
optimization and data-driven personalized
strategy development [Theodoridis & Gkikas,
2020].

From a post-2020 perspective, key trends
in online advertising were identified, such as the
rapid evolution of mobile advertising and the
need to adapt to the dominance of major
corporations in digital marketing.
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The article “A Novel Methodology for
Optimizing On-Screen Advertising Campaigns
Using Genetic Algorithms” proposed an
innovative methodology for small ad networks
that combines supervised machine learning and
metaheuristic methods. This approach facilitates
adaptation to new campaigns and enhances the
delivery of personalized ads. This methodology
holds significant potential for the development
of business strategies within the e-commerce
ecosystem [Miralles-Pechuan et al., 2020a].

Similarly, in 2020, the article “Uncertain
Decision Tree for Banking Marketing
Classification” was published, proposing a new
decision tree for uncertain data, called the
Uncertain Decision Tree [UDT], based on the
Uncertain ~ Genetic  Clustering  Algorithm
[UGCA]. The UDT extends the decision tree
framework to handle data with uncertain
information, where considering uncertainty is
crucial for achieving high-quality results. In the
UDT, the UGCA automatically determines the
appropriate number of branches for each node
based on the classification error rate and the
computational time of the UDT. Additionally, an
Uncertain Merging Algorithm [UMA] was
developed to reduce the uncertain dataset,
allowing UGCA to efficiently process large
datasets. Experimental results demonstrate that
the proposed UDT outperforms traditional
uncertain  decision trees. This approach
introduces a decision tree with variable branches
that dynamically adjust to handle data
uncertainty, making it highly valuable for
various applications ! [S.-B. Yang & Chen,
2020].

Since 2020, online advertising has
evolved rapidly, especially on mobile platforms,
and faces the challenge of competing with large
industry-leading companies. This dynamic
context has driven the search for new adaptive
strategies for small ad networks, integrating
supervised machine learning techniques and
metaheuristic methods. This approach not only
addresses emerging trends in digital advertising
but also promotes the development of
technological practices that facilitate the
implementation of effective business strategies
in e-commerce. It stands out for its ability to
adapt to new campaigns and improve the
presentation of personalized ads, even with

limited datasets. [Miralles-Pechuan et al.,
2020b].

Gutiérrez-Beltran, Brenda Yadira, Gomez-Barba, Leopoldo and
Preciado-Ortiz, Claudia Leticia. [2025]. A review of the use of genetic
algorithms in digital marketing. Journal-Financial Economy. 9[15]1-13:
el1915113.

https://doi.org/10.35429/JFE.2025.9.15.1.1.13



Journal-Financial Economy

6
o[15]1-13: e1915113

Article

Similarly, in 2020, a study was published
that explores the phenomenon of brand photos
on social media, highlighting how photos
containing brand names or logos can be a
valuable source of both theoretical and practical
information for managers. This study aims to fill
that gap by investigating how frequently people
post brand photos and how these are related to
brand love, brand loyalty, and word-of-mouth
endorsement, using advanced correlation
methods and machine learning techniques.
[Kaiser et al., 2020].

The article “Challenges and
Opportunities for Marketing Scholars in Times
of the Fourth Industrial Revolution” highlights
how academics should focus on developing
theories and practices that leverage the
capabilities of these new technologies to
improve marketing strategies and enhance the
customer experience. It suggests that a deep
understanding of these technologies will not
only benefit companies in terms of efficiency
and customer satisfaction but will also enable
scholars to make significant contributions to the
advancement of knowledge in their field. [Krafft
et al., 2020].

In the study “Development of Image
Enhancement Pipelines,” new techniques were
investigated to improve image quality in digital
real estate marketing, a field where visual
appearance is crucial. The primary strategy
involves using an innovative method called
genetic programming to create automated
systems that adjust and enhance images based on
their  original capture conditions. The
experiments conducted show that these systems
not only improve image quality according to
common evaluation criteria but can also generate
unique and artistic visual effects. This finding
demonstrates that these methods could be highly
useful not only for presenting properties online
in a more appealing way but also for other image
editing applications that require a creative touch
[Correia et al., 2021]

Also, in 2021, the article “Learning
Individual Preferences from Aggregate Data: A
Genetic Algorithm for Discovering TV Program
Baskets with Affinities to Political and Social
Interests” was published. The study concluded
that by using Genetic Evolutionary Algorithms
and Multi-objective Evolutionary Algorithms, a
new approach to micro-segmentation in
advertising and political recommendation
systems could be developed.
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This methodology has the potential to
expand the reach and accuracy of these
techniques in the political and social domains,
offering a more refined way to target audiences
based on their media consumption preferences
[Padmanabhan & Barfar, 2021].

The article “Multi-objective
Grammatical Evolution of Decision Trees for
Predicting User Conversion in Mobile
Marketing,” published in 2021, highlights that
the global adoption of mobile devices is
increasing the value of Mobile Performance
Marketing, which is supported by Demand-Side
Platforms [DSPs] that match mobile users with
ads. It addresses the issue that, in these markets,
monetary compensation only occurs when a user
conversion takes place. Therefore, a key
challenge for DSPs is designing a data-driven
model to predict user conversion. To tackle this
complex task, the study proposes a novel Multi-
objective Optimization [MO] approach to evolve
Decision Trees [DTs] wusing Grammatical
Evolution [GE] under two main variants: a pure
GE method [MGEDT] and GE with Lamarckian
Evolution [MGEDTL].

Both variants evolve DTs of variable
length and simultaneously optimize predictive
performance and model complexity. To handle
large datasets, the GE methods incorporate a
training sampling evaluation mechanism and
parallelism. The algorithms were applied to a
recent dataset containing approximately 6
million records from a real-world DSP. Using a
Rolling Window [RW] wvalidation, both GE
variants were compared to a standard DT
algorithm [CART], a Random Forest, and a
state-of-the-art Deep Learning [DL] model. The
GE-based methods achieved competitive results,
offering affordable training times and very fast
predictive response times, demonstrating their
potential for practical implementation in mobile
marketing strategies.

In 2022, the article titled “The
Evolutionary Role of Artificial Intelligence in
Marketing: A Review and Research Agenda”
was published. This study is based on a review
of 164 articles, providing an overview of the
research trajectory in the fields of marketing and
artificial intelligence.

The article demonstrates how Al assists
marketers in predicting customer behavior,
enhancing customer value creation, and

automating business processes.
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It highlights the transformative role of Al
in modern marketing strategies and sets a
foundation for future research directions in this
evolving field [Vlaci¢ et al., 2021].

The article “Sentiment Analysis in
Twitter Data Based on Spider Monkey
Optimization [SMO] and Deep Learning for
Future Brand Prediction” proposes a deep neural
network by integrating an enhanced fuzzy
inference system based on adaptive networks
[TANFIS] for online product branding.

One of the key approaches is the use of
sentiment analysis [SA] and future branding

predictions based on data extracted from Twitter.

As part of the research, the performance of the
proposed method was compared with other
approaches, including the wuse of genetic
algorithms combined with particle swarm
optimization for sentiment analysis in Twitter
data [Kothamasu & Kannan, 2022].

The article “An Improved Evolutionary
Approach to Solving the Community Detection
Problem” discusses how genetic algorithms have
become a powerful tool for tackling complex
problems such as the Community Detection
Problem [CDP], known for its NP-hard nature.
Genetic algorithms, when combined with
techniques like tabu search, have proven to be
efficient in optimizing the modularity [Q] of
communities in social networks. Modularity
allows for measuring the quality of detected
partitions, and hybrid approaches have shown
outstanding performance compared to other
algorithms, especially in medium and large-scale
networks.

These advancements are particularly
relevant in digital marketing, where precise
audience  segmentation and  consumer
community analysis play a crucial role in
improving personalized marketing strategies.

The ability of genetic algorithms to
identify patterns in large volumes of data,
without requiring prior knowledge of the number
or size of communities, positions them as a
valuable tool for optimizing digital marketing
campaigns and enhancing audience targeting
strategies [Salmi et al., 2022].
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The article “Improving Marketing
Decision-Making for Consumer Behavior
Classification Using Binary Decision Trees and
a Genetic Algorithm Approach” addresses the
Community Detection Problem [CDP], which is
relevant in various disciplines such as sociology,
biology, and computer science. Currently, digital
social networks generate vast amounts of data
that need to be processed to extract knowledge
about  groups of individuals, their
communication patterns, and orientations.

This knowledge can be applied in
marketing, security, and web-based decision-
making, among other areas. However, CDP is a
complex problem, and while several algorithms
have been developed to solve it, their results
remain suboptimal. This article presents a hybrid
heuristic approach that combines genetic
algorithms and tabu search, achieving improved
genetic encoding that eliminates redundant
chromosomes, thus optimizing process
efficiency. Experimental results demonstrate
that the proposed algorithm outperforms other
methods by evaluating modularity [Q] across a
wide range of real-world networks, making it a
powerful tool for improving marketing decision-
making and audience segmentation [Gkikas et
al., 2022].

Similarly, in 2022, the article “Optimized
Genetic Algorithm with Upper Confidence
Bound Integrated into a Long Short-Term
Memory Network for Click-Through Rate
Prediction” was published. It highlights that
click-through rate [CTR] prediction is essential
in the digital advertising industry, as it directly
impacts revenue and user experience. The study
addresses the CTR prediction problem using a
sequence classification-based approach and
proposes an innovative strategy for feature and
parameter optimization. By combining genetic
algorithms [GA] with the Upper Confidence
Bound [UCB] model and Long Short-Term
Memory [LSTM] networks, the research
optimizes  advertising  micro-segmentation
technology.

The results show that the UCB-LSTM-
GA model, evaluated alongside other
approaches such as HoAFM and Fi-GNN,
achieved 89% accuracy and 92% recall using
real-world data from Avazu, demonstrating its
effectiveness in improving CTR prediction
[Souissi & Ghorbel, 2022].
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The article “Applications of Artificial
Intelligence in B2B Marketing: Challenges and
Future Directions” explores the growing use of
artificial intelligence [AI] in business-to-
business [B2B] marketing, analyzing its
application across the four stages of the
customer lifecycle:  reach,  acquisition,
conversion, and retention. Through a literature
review and industry survey analysis, the study
examines the most relevant Al techniques, as
well as the perceived benefits and challenges
faced by B2B marketing professionals.

Additionally, it highlights successful Al
adoptions, demonstrating their positive impact
on efficiency and profitability in B2B marketing.
The identified barriers include concerns about
data privacy and the risk of automation replacing
the human workforce. The study concludes with
an evaluation of the theoretical and practical
implications of Al adoption, providing a
roadmap for future research in the field of B2B
marketing [Moradi & Dass, 2022].

In the same year, the article “Machine
Learning in Marketing: A Literature Review,
Conceptual Framework, and Research Agenda”
was published. In recent years, machine learning
[ML] and artificial intelligence [Al] have gained
significant attention in marketing due to their
potential to make strategies smarter and more
efficient. This study conducts a literature review
on the application of ML in marketing,
highlighting the key tools and technologies that
form the foundation of these applications. Using
a conceptual structure based on the 7Ps of the
marketing mix [product, price, promotion, place,
people, processes, and physical evidence], the
analysis covers 140 articles and examines text,
voice, image, and video analysis tools, along
with supervised, unsupervised, and
reinforcement learning techniques.

The research proposes a two-layer
conceptual framework for the development of
ML applications in marketing, providing a
guideline for future research in this field [Ngai
& Wu, 2022].

In 2023, the article “An Al-Enabled
Approach to Enhancing Advertising
Identification and Promotion on Social
Networks” was published, discussing how the
rapid development of the social economy has
significantly impacted the traditional advertising
industry.
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In terms of ad identification and
recommendation, improving advertising
promotion accuracy has become an urgent need.
Artificial intelligence [AI] methods offer
practical applications for facilitating the digital
transformation of the advertising industry.

Among various Al approaches, the
backpropagation neural network model with a
genetic algorithm [GABP] has proven to be the
most compatible with advertising industry
applications. In this study, the GABP neural
network was applied to social network
construction to predict the click-through rate
[CTR] of advertising applications on websites by
optimizing advertising promotion strategies.

During the optimization and
improvement of the system model using Al
methods, the technological approach focused on
enhancing the accuracy of ad promotion and
identification in the evolving advertising
industry. The study’s results demonstrate that
the GABP recognition accuracy increased from
49% to 72%, while the algorithm’s recognition
accuracy improved from 69% to 86%,
highlighting its effectiveness in optimizing
digital advertising strategies [Shi & Wang,
2023].

The article “Application of Mobile
Technology Based on an Improved Genetic
Algorithm in Interactive Advertising Design for
Digital Media” analyzes how the combination of
mobile technology and enhanced genetic
algorithms optimizes interactive advertising
design in digital media. With the advancement
of digital media, users interact with multiple
devices, shifting advertising toward more
personalized and efficient interactions. The
study presents a model combining genetic
algorithms and the KNN algorithm to select
features and enhance the user experience. By
applying techniques such as the Levy flight
algorithm to avoid local optima and optimize
results, the proposed approach improves the
speed and accuracy of digital advertising
processes, reducing energy consumption and
maximizing efficiency in data transmission
[Weng, 2023]. In the same year, the article
“Modeling the Telemarketing Process Using
Genetic Algorithms and Extreme Boosting:
Feature Selection and Cost-Sensitive Analytical
Approach” explored the optimization of the
telemarketing process through the use of genetic
algorithms and Extreme Gradient Boosting
[XGBoost].
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Using data from a banking telemarketing
campaign, the authors combined these
approaches to enhance feature selection and
fine-tune model parameters, achieving higher
accuracy in predicting customer behavior. The
proposed approach reduces errors and optimizes
marketing decisions by addressing imbalanced
classes and minimizing costs, leading to a
significant improvement in the success rate of
term deposit offers [Ghatasheh et al., 2023].

The article “Justice for All: A Marketing
Perspective and Research Agenda” examines the
perception of justice and injustice in marketing
from a stakeholder perspective. Using a
systematic  literature review [SLR] and
automated textual analysis, the study reviewed
articles on justice and related disciplines
published between January 2001 and April 2021.
The Facet Theory [FT] was applied to
conceptualize justice perception in marketing,
leading to the development of key elements in a
“Sentence Map.” The findings suggest that the
marketing field presents abundant opportunities
to explore the relationship between justice and
marketing  practices, which has been
understudied so far.

The article concludes with an extensive
research agenda, emphasizing the importance of
studying justice in various marketing contexts
and providing a conceptual framework to guide
future research in this area [Hornik & Rachamim,
2023].

The article “Examining the Correlation
Between Metrics on the Instagram Social
Network to Identify Fake Pages and Improve
Marketing” analyzes the relationship between
various key Instagram metrics, such as the
number of posts, the average number of likes per
post, the number of comments per post, and the
number of followers, with the goal of detecting
fake pages and enhancing marketing strategies.
Data was collected from 1,860 public pages, and
hypotheses were tested regarding the association
between these metrics.

The results revealed an inverse
correlation between the number of posts and the
number of likes per post, but no significant
association was found between likes and
comments or between followers and comments.
Additionally, the study suggests that an increase
in followers does not necessarily lead to a higher
number of likes. A fake page detection model
was then applied, achieving 94% accuracy.
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Its effectiveness was compared with
other classification methods, such as SVM,
PLSDA, CART, and Random Forest,
demonstrating that the proposed model is highly
efficient in detecting fake Instagram pages
[Saeidi & Baradari, 2023].

“Evaluation of the Intention to Adopt
Computational Intelligence in Interactive
Marketing”. This study analyzes how marketing
companies are evaluating the adoption of
computational intelligence [CI] in their
interactive marketing strategies. CI, which
encompasses advanced techniques such as
machine learning and data mining, has become a
key tool for personalizing interactions and
optimizing marketing campaigns. Using the
Technology Acceptance Model [TAM], the
study examines how perceived usefulness and
ease of use influence marketing professionals’
adoption of CI.

The results suggest that companies that
clearly identify the value of automation and
personalization are more likely to implement ClI,
particularly those with a culture of technological
innovation and managerial support. The research
concludes that integrating CI into interactive
marketing can significantly enhance campaign
effectiveness and efficiency, providing a
competitive advantage in the market [Behera et
al., 2024].

The article “Hybrid Genetic Algorithms
in an Agent-Based Artificial Market Model for
Simulating Fan Token Trading”, published in
2024, explores how computational intelligence
[CI] is gaining relevance in the simulation and
optimization of emerging markets, such as fan
tokens—digital assets linked to sports
organizations. A recent study applied hybrid
genetic algorithms to simulate the trading
behavior of fan tokens issued by major football
clubs.

The results indicated that the use of
adaptive boosting, deep neural networks, and
adaptive genetic algorithms provides high
predictive power for market volatility.

The dataset included fan token
information from teams such as Paris Saint-
Germain, Manchester City, and Barcelona,
revealing that genetic algorithms offer robust
optimization of trading rules in highly volatile
markets.
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These findings could be highly relevant
for  understanding how  computational
intelligence can enhance interactive marketing
strategies, providing more effective models to
optimize interactions and decision-making in
digital markets [Alaminos et al., 2024].

The article “Bundle AIl: An Application
of the Multiple-Choice Knapsack Problem
[MCKP] Using a Genetic Algorithm [GA]”
presents a tool that optimizes product bundling
by applying the Multiple-Choice Knapsack

Problem [MCKP] and a Genetic Algorithm [GA].

This tool enables small businesses to create
efficient product combinations without relying
on large datasets. The GA evaluates different
bundle configurations under cost and weight
constraints, maximizing product sales by
strategically grouping items. This approach
enhances the effectiveness of interactive
marketing strategies, providing a flexible
solution for optimizing product offerings
[Carloman et al., 2024].

Results

Over the years, the use of genetic algorithms in
digital marketing has undergone significant
evolution, establishing itself as a key tool for
strategy  optimization. From its early
applications in 2008, where it was explored for
resource allocation optimization in digital
production processes, to the latest advancements
in 2024, integrating genetic algorithms into fan
token market simulations and advertising
campaign optimization, its development has
been consistent and impactful. Starting in 2009,
genetic algorithms began to be combined with
other techniques, such as data mining and
simulation models, demonstrating increasing
applicability,  particularly in  customer
relationship management [CRM] and market
segmentation for personalized interactions. By
2016-2017, advancements in community
detection in social networks marked a milestone,
showcasing the ability of genetic algorithms to
analyze large volumes of data.

In 2018, their integration with big data
further enhanced digital advertising
effectiveness. Currently, genetic algorithms are
not only used to predict consumer behavior, but
also to optimize user experience in an
increasingly personalized and complex digital
marketing environment.
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This evolution reflects an adaptive
approach that not only meets the growing
demands of the market but also opens new
opportunities for research and development in
digital marketing. [See Figure 1]

EVOLUTION OF THE USE OF GENETIC
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Figure 1.
Evolution of the use of genetic algorithms in
digital marketing

Conclusion

In conclusion, the evolution of genetic
algorithms in digital marketing has proven to be
a versatile and powerful tool for strategy
optimization, interaction personalization, and
data-driven decision-making. From their early
applications in resource management and
customer segmentation to their integration with
big data, artificial intelligence, and social
network analysis, genetic algorithms have
enabled companies to enhance the efficiency and
effectiveness of their campaigns. Their ability to
handle complex and dynamic problems, such as
consumer behavior prediction and advertising
process optimization, makes them a key
technology in today’s digital ecosystem. As
technologies advance and data volumes continue
to grow, genetic algorithms are expected to play
a central role in digital marketing innovation,
providing more adaptive, efficient, and
personalized solutions.

This not only offers a competitive
advantage for businesses, but also opens new
research opportunities for academia and the
development of more advanced marketing tools.
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Introduction

In a large number of MSMEs, one of the
problems workers face is the lack of motivation
in their workplace. Therefore, it is important and
essential for both human and work satisfaction
that employees remain motivated most of the
time, as this allows them to establish standards
of participation and contribute to the company’s
objectives. From this, the following research
questions arise:

Is there work motivation among
employees of an MSME that leads to better
productivity? How often do owners or managers
encourage or motivate their employees to
achieve organizational and professional goals?

Moreover, in the mid-20th century, the
first theories addressing motivation began to
emerge, and from that moment on, the
relationship between employee performance,
personal satisfaction, and motivation in carrying
out their work started to be recognized.

The first studies concluded that a worker
who felt motivated in their job era...was more
efficient and responsible, and could also
contribute to creating a positive work
environment.

Based on these conclusions, companies
decided to analyze what workers are looking for
when they develop their jobs, what their
hierarchy of needs is, what they seek to satisfy
through their work, what their interests are, and
so on. The ultimate goal of these analyses was to
ensure that employees felt fulfilled as
individuals and as workers through the
performance of their work within the company.
The research was based on the work motivation

of employees in an example of a microenterprise.

What is motivation?

The Dictionary of the Royal Spanish Academy
[2014] defines motivation as: “The set of
internal or external factors that partly determine
a person’s actions.”

In biological terms, BarOn [1997],
through the Emotional Intelligence Inventory
model, refers to motivation as “the internal
processes that serve to activate and maintain
behavior.”
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In this sense, motivation can be
conceived as “the processes that account for the
intensity, direction, and persistence of an
individual’s effort toward achieving a goal”
[Robbins, 2004, p.155].

Likewise, motivation is represented by
“those psychological processes that cause the
arousal, direction, and persistence of voluntary
actions directed toward objectives” [Kreitner &
Kinicki, 1997, p.152].

It 1s necessary to highlight, by way of
synthesis, the three persistent elements in every
definition of motivation: intensity, direction, and
persistence. Intensity refers to how much effort
a person makes.

Interest in the topic of motivation has led
various authors over time to develop theories to
explain it.

Motivational Theories
Maslow’s Hierarchy of Needs Theory

Abraham Maslow is traditionally associated
with humanistic psychology and is considered a
pioneer in the study of motivation, personality,
and human development. In 1943, Maslow
proposed his “Theory of Human Motivation,”
which has its roots in the social sciences and was
widely used in the field of clinical psychology.
In turn, it has become one of the main theories in
the field [Reid, 2008].

With his hierarchy theory, he gave “name
and structure” to those impulses. The hierarchy
of needs, or “Maslow’s Pyramid” [2008],
explains the necessity of satisfying certain needs
before others, and once those needs are fulfilled,
individuals move on to meet the needs of the
next level:

1. Physiological needs: Hunger, thirst,
shelter, and other basic physical needs.

2. Safety needs: Physical and emotional
care and protection.

3. Affiliation or Social needs: Affection,
sense of belonging, acceptance.

4. Esteem or Recognition needs: Internal
[autonomy] and external [status].

5. Self-actualization: The drive to become

what one is capable of being.
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Herzberg’s Two-Factor Theory

This theory is also known as the “Two-Factor
Theory” because it is based on both external and
internal aspects of work. According to Herzberg,
people’s motivation depends on two factors:

Hygiene factors: These are the conditions
surrounding the individual at work, including the
physical and environmental aspects of the job.
These factors have a very limited capacity to
influence employee behavior; when they are
optimal, they merely prevent dissatisfaction.
Examples include:

- Working conditions and environment
- Company and administrative policies
- Relationship with the supervisor

- Salary

- Job stability

- Relationship with colleagues

- Status

- Security

Motivational factors: These factors are
related to the content, tasks, and responsibilities
of the job. They produce lasting satisfaction and
a productivity increase well above normal levels.
They involve feelings of achievement, growth,
and professional development, expressed
through the performance of tasks and activities
that represent a great challenge and carry
significant meaning for the job. When
motivational factors are optimal, they raise
satisfaction and are called “satisfaction factors.”
Examples include:

- Recognition

- Rewarding work

- Delegation of responsibility

- Promotions

- Full use of personal skills

- Freedom to decide how to perform tasks

- Goal setting and evaluation related to
them

- Job simplification

- Career development opportunities

- Training

McGregor’s Theory X and Theory Y

Douglas McGregor worked extensively with two
management theories [Theory X and Theory Y]
that have significant implications for how
employees are perceived and managed within
organizations.
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Theory X assumes that employees
inherently dislike work and will avoid it
whenever possible. Therefore, they must be
coerced, controlled, directed, or threatened with
punishment to make them put forth adequate
effort toward achieving  organizational
objectives.

Main assumptions:
Most people prefer to be directed.

They avoid responsibility and have little
ambition.

They prioritize security above all other work-
related factors.

They require close supervision to ensure tasks
are completed.

This approach often results in a rigid,
hierarchical organizational structure and limited
employee initiative, which may suppress
creativity and reduce motivation.

Theory Y, on the other hand, presents a
more positive view of human nature. It suggests
that work can be as natural as play or rest if
conditions are favorable. Employees do not
inherently dislike work; rather, under the right
circumstances, they can view it as a source of
satisfaction and personal development.

Main assumptions:

People will exercise self-direction and self-
control in pursuit of objectives to which they are
committed.

Commitment to objectives is a function
of the rewards associated with their
achievement.

Under proper conditions, individuals not
only accept but seek responsibility.
Creativity and ingenuity are widely distributed
among the population.

Managers who adopt Theory Y
emphasize employee involvement, autonomy,
and opportunities for growth. They foster an
environment where individuals can fulfill both
personal and organizational goals
simultaneously.

Martinez, Rosendo, Reyes, Johana and Nava, Esmeralda. [2025].
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Table 1
Comparison of Assumptions in Theory X and Theory
Y

Comparison of Assumptions in Theory X and
Theory Y

Type of Directive | Type of Participative
Leadership Leadership

The typical employee | People enjoy working.
dislikes work and will
avoid it if possible.
Employees want to be | Employees committed to
directed as much as | the company’s objectives

possible. will  exercise  self-
direction and  self-
control.

Managers must coerce | Employees learn  to
their employees to get | accept and seek to
work done. assume responsibility in
their work.
Source: Hellriegel D, Slocum, J. [1998].
“Administracion séptima edicion”. México.
International Thomson Editores p. 509.

> Process theory

Box 2

L
Necesidad, .

6.

Necesidad revalorada por 1a Busqueda de satisfaccion de
persona. 12 necesidad (impulso)

t; PERSONA ‘

3.

Satisfaccion de la necesidad Comportamiento enfocado e
(incentiva) o frustracién lameta
(sancién).

4.
Desempeiio para alcanzer la
meta.

Figure 1
Simple Model of the Motivation Process
Source: Chiavenato, “Comportamiento
organizacional. La dinamica del éxito en las
organizaciones”, 2009, p.239

The model can be enriched with other
variables that may affect the individual.
Variables such as ability and effort are important
and internal to the person.

Other variables within the work
context—such as task scope, the supervisor’s
leadership style, technology, and others—can
influence the process and the achievement of
goals. Finally, satisfaction holds a very
important place due to its connection with
motivation.
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Although they are not synonymous, they
are sometimes confused. Satisfaction generates
greater motivation and vice versa, and it depends
on each individual. People have their own
motivations that operate at both conscious and
unconscious levels, which may be physiological
or psychological, and that constantly vary.

Methodology

The methodology to be used in the following
research is quantitative in nature, since
questionnaires with multiple-choice Likert-scale
responses will be used to collect information
about the work motivation of employees in a
microenterprise.

Techniques and procedures for data
collection:

In the context of the research, the drafting of the

questionnaire was planned for application in a
sample microenterprise, taking into account the
research variables so that the items representing
the questionnaire’s questions and responses
could determine whether a correlation was
present or null.

Variables

Table 2
Variables

Variables
Variable 1
Variable 2

Laboral motivation
Productivity

Regarding Variable number 1, based on
the author Chiavenato, “Organizational
Behavior: The Dynamics of Success in
Organizations” [2009], Variable 1, titled Work
Motivation, breaks down into the following key
variables:

Ability and effort are important and
internal to the person. Other variables in the
work context, such as task breadth, the
leadership style of the supervisor, technology,
and others, can affect the process and the
achievement of goals.

Finally, satisfaction plays a very
important role due to its connection with
motivation; although they are not synonymous,
they are sometimes confused.

Martinez, Rosendo, Reyes, Johana and Nava, Esmeralda. [2025].
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Satisfaction generates greater motivation
and vice versa, and it depends on each individual.
Individuals have their own motivations that
operate at both conscious and unconscious levels,
are physiological or psychological in nature, and
constantly vary.

Results and Conclusions

The resulting contributions were obtained
through the questionnaire, and the multiple-
choice Likert-type responses support the
information about work motivation among
employees in a microenterprise. This section
focused on the questionnaire responses as the
main tool for gathering information, analyzing
the results, and identifying contributions.

The questionnaire questions focused on
the existence of training, incentives within the
organization, work schedule, whether the
organizational climate of the company is
positive, the quality of relationships among
coworkers, perceptions of productivity during
working hours, agreement with the remuneration
received, and the promotion of sports, cultural,
and social participation outside the workplace.

Part of the academic contribution relates
to the correlation between variables, considering
that Variable 1: work motivation was
approached from a theoretical perspective
complemented by the integration of key
variables: ability, effort, task breadth, leadership
style of the supervisor, technology, and
satisfaction.

The methodological tool of the
questionnaire  enabled analysis from a
hermeneutical perspective of the influence of
Variable 1 on the key variables in reference to
Variable 2: productivity.

A possible proposal for future research is
the percentage analysis of this influence between
variables, based on the study of employees in a
microenterprise.

It can be added to the contribution that
greater work motivation leads to increased
productivity in the microenterprise; this example
demonstrates that when work motivation
increases, there is also improvement in skills,
management, and  overall  performance
technology, effort, greater willingness for task
breadth, and usually more satisfaction.
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Furthermore, the leadership style of the
supervisor influences Variable 1, work
motivation, either positively or negatively,
which in turn is a determinant for its effect on
Variable 2, productivity. The resulting equation
represents the direct influence of Variable 1 on
Variable 2. A correlation was indeed observed.

Skills =

Technology management = management tech.
Effort = eff

Willingness for task breadth =

+ Work motivation = + hab. + manejo de tec. + esf.
+ dis. tareas + satisfaction

+ Work motivation > productivity

When work motivation decreases,
productivity also declines. The decrease in work
motivation may occur due to the limited positive
influence of the key variables; this is an example
hypothesis of a nearly null correlation.
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Abstract

Financial education is an essential component for making informed
economic decisions. This quantitative study examines how the level of
financial education and absorption capacity influences the strategic use
of resources among young scholarship recipients in Reynosa,
Tamaulipas. The findings reveal that the cognitive dimension is decisive,
while the institutional environment shows limited influence. It is
concluded that strengthening financial education from a comprehensive
perspective can improve not only individual resource management but
also contribute to greater economic efficiency and social sustainability in
vulnerable contexts.

Resumen

La educacion financiera es un componente esencial para la toma de decisiones
economicas informadas. Este estudio cuantitativo analiza como el nivel de
educacion financiera y la capacidad de absorcion influyen en el uso
estratégico de recursos entre jovenes beneficiarios de una beca en Reynosa,
Tamaulipas. Los hallazgos revelan que la dimension cognitiva es
determinante, mientras que el entorno institucional muestra una influencia
limitada. Se concluye que fortalecer la educacion financiera desde una
perspectiva integral puede mejorar no solo la gestion individual de recursos,
sino también contribuir a una mayor eficiencia econdomica y sostenibilidad
social en contextos vulnerables.
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Introduction

In Mexico, efficient management of personal
financial resources remains a challenge for a
large part of the population. Basic concepts such
as budgeting, financial planning, and responsible
decision-making are still unknown to many,
perpetuating a generational gap in financial
literacy that limits the economic well-being of
entire families [ INEGI, 2021 ].

According to recent data from [ INEGI ,
2024a ], only 17.8 % of the Mexican population
achieves a high level of financial health,
demonstrating that only a minority practices
formal savings, adequately manages their debts ,
and understands the financial instruments
available. Meanwhile, more than 50% face
significant challenges due to a lack of financial
education, inadequate use of credit, and low
income, factors that hinder their economic
stability and sustainable development.

This panorama highlights the need for a
preventive approach that promotes financial
education from an early age, empowering new
generations to build solid foundations for a
future with greater equity and opportunities.
Financial education not only transforms
individuals but also positively impacts collective
well-being, as demonstrated by recent studies
that highlight the intergenerational effect of this
knowledge [ Universidad Auténoma de Sinaloa,
202117].

The absence of a financial culture from
childhood and youth, especially in vulnerable
contexts, generates patterns that are replicated
throughout life, perpetuating cycles of poverty
and economic fragility. This phenomenon
contributes to social problems such as school
dropouts, where economic pressure forces many
young people to abandon their studies to
prematurely enter the labor market [ Usla, H.,
2018 ] . In Tamaulipas, this dropout rate reached
3.3% in the 2023-2024 cycle, representing
thousands of young people who interrupt their
academic training [ INEGI, 2024b ] .

Faced with this scenario, granting
scholarships emerges as a fundamental strategy
to facilitate educational continuity and improve
students' socioeconomic conditions [ Reyna,
2023 ]. However, to maximize their impact, it is
essential that young beneficiaries develop
financial skills that allow them to manage these
resources efficiently.
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Despite the existence of national
initiatives aimed at strengthening financial
education, such as those promoted by the [
Banco de México, n.d. ] and the specialized
diplomas offered by the [ CONDUSEF, n.d. |,
significant limitations persist in their reach and
accessibility . A crucial obstacle lies in the
suitability of these programs for the underage
population , which is precisely the central focus
of this research. Many of the current content and
methodologies are not designed with the
cognitive particularities and context of children
and adolescents in mind.

Furthermore, the digital divide emerges
as a significant barrier. A large portion of
available resources and courses are available on
online platforms, requiring a stable internet
connection and appropriate devices —conditions
that are not always available to young people in
economically vulnerable situations or remote
areas . This technological dependence excludes
a considerable portion of the population that
would most benefit from this knowledge.

Therefore, to achieve an effective and
equitable approach to financial education for
young Mexicans, it is imperative to develop and
implement innovative, flexible, and deeply
contextualized pedagogical models that
overcome these age and access barriers.

In Reynosa, Tamaulipas, the scholarship
program provided by a local pharmacy is a
valuable case study for how financial literacy
and absorption capacity influence the
responsible management of financial support.

The objective of this research is to
analyze the impact of the dimensions of
absorptive capacity and financial education on
the effective management of financial resources
granted to scholarship recipients. It is expected
that students with greater absorptive capacity
present higher levels of financial education,
which positively influences the allocation and
efficient use of the financial resources granted
by the scholarship.

The absorptive capacity model, based on
the theories of [ Cohen and Levinthal 1990 ] and
adapted to the business field by [ Zapata
Rotundo and Hernandez Arias 2018_] , offers a
comprehensive framework for understanding
how young people internalize and apply
financial knowledge in real-life contexts.

Lazaro-Hernandez, Refugio, Lazcano-Cortés, Gabriela, Romero-Cruz, Clara
and Gonzalez-Tlaxco, Nohemi. [2025]. Effective inventory optimization
strategy: an integrated approach for MSMEs using ABC classification and
Cycle counting. Journal-Financial Economy. 9[15]1-7: e4915107.
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This model considers three key
dimensions: cognitive [knowledge], institutional
[school, business], and environment [family],
which is essential for designing educational
interventions that accurately respond to the
needs of students and their context.

This study expands knowledge about the
interrelationship between financial literacy and
absorptive capacity in a specific regional
context, providing quantitative evidence through
correlation and linear regression analysis. The
results allow for the development of innovative
educational policies that promote resource
efficiency. This research also seeks to lay the
groundwork for a comprehensive educational
intervention that articulates family, institutional,
and community efforts, with the goal of
strengthening the financial autonomy and
sustainable well-being of young scholarship
recipients.
Financial Education and
Capacities

Absorptive

Financial education is widely recognized as a
key element for economic well-being, as it
provides people with the necessary tools to
understand how their finances work, manage
their resources appropriately, and make
responsible decisions that positively impact their
future. This concept encompasses not only
technical knowledge and skills, but also the
awareness, attitudes, and behaviors that allow
people to more confidently face everyday
financial challenges and achieve greater
economic stability over time [OECD, n.d. ]
[Zapata, Moreno, Moscovich & Zarrabeitia,
2023 ].

In the Mexican context, [ Banco del
bienestar 2016 ] proposes that financial
education promotes the development of skills for
economic decision-making and the appropriate
use of financial products and services. Similarly,
[ CONDUSEF, 2007 ] defines it as the set of
knowledge, skills, and abilities that allow people
to manage and plan their personal finances, for
the benefit of their individual, family, work, or
business well-being.

While financial literacy encompasses
knowledge, skills, and abilities, it is knowledge
that is positioned as a crucial focal point. Skills
and abilities, while valuable, can be acquired and
adapted  empirically, including through
upbringing and life experiences.
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However, knowledge is a precise and
quantifiable tool that enables informed decision-
making. [ Chulia, Garrido, & Miyar, 2022 ] . An
individual may have the aptitude for caution, but
without specific knowledge about how
compound interest works or how to create a
budget, their ability to optimize their finances
will be limited. Fundamental knowledge in
financial education covers a range of essential
elements for personal management. Among the
most relevant are [ Chulid, Garrido and Miyar,
2022_] [ Mungaray, Gonzalez and Osorio, 2021

]:

- Personal Budget: The ability to formally
identify and control income, savings, and
expenses related to personal finances,
preferably digitally. This involves not
only recording transactions but also
projecting cash flows and strategically
allocating resources to meet goals.

- Savings: Defined as a percentage of
income allocated to a specific goal. It's
not just about saving money, but also
about understanding the importance of
systematic savings, setting clear goals
[short, medium, and long term], and
choosing the right tools to make those
savings grow [investment].

- Identifying Active and Passive Income:
Understanding the difference between
active income [income that requires
ongoing effort, such as a salary] and
passive income [income generated with
little or no active participation, such as
rent or dividends]. This knowledge is key
to diversifying income sources and
building a path to financial
independence.

- Expense Control: The ability to
effectively monitor and manage
expenses to avoid over-indebtedness and
ensure that resources are allocated to
what really matters. This involves
differentiating between necessary and
unnecessary expenses.

- Retirement Savings Plan: Understanding
the importance of financial planning for
retirement, exploring options such as
pension funds, individual savings plans,
and long-term investment strategies.

- Payment for Health Insurance and Other
Insurance: Knowledge of the role of
insurance as a financial protection tool
against unforeseen events, as well as the
ability to choose the right policies based
on individual needs.
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Various studies [ Mungaray, Gonzalez
and Osorio, 2021_] [ Mora Caballero, Lopez
Posada and Rubio Guerrero, 2020 ] have shown
that the lack of financial education in the
Mexican population significantly limits the
capacity for planning, saving and investing ,
negatively affecting general economic well-
being. An important fact from the National
Survey on Financial Inclusion [ INEGI 2021 ]
indicates that 65% of Mexicans do not prepare
budgets or keep a record of income and
expenses.

This lack of basic control is a factor for
financial 1mbalances, situations of over-
indebtedness and can even lead to conflicts in
family relationships due to economic stress.

Another particularly worrying fact is the
low financial literacy among young people. [
CONDUSEF , 2023 ] reports that only 32.8% of
Mexicans have basic knowledge about personal
finances. This situation reduces the informed use
of financial products, increases vulnerability to
economic crises and limits the possibilities of
achieving economic independence in adulthood.

Absorption capacity

Traditionally, financial education has been
approached as a set of technical knowledge and
skills that are transmitted and learned in a linear
manner. However, it is important to explore this
field from a more complex and comprehensive
perspective [ Chulia, Garrido, & Miyar, 2022 ] .

This vision recognizes that financial
learning does not depend solely on exposure to
content, but also on the individual's ability to
assimilate, process, and apply said information
in real-life contexts . This is where linking the
analysis of financial education with the
absorptive capacity model is relevant.

Absorptive capacity, introduced by [
Cohen and Levinthal, 1990 ], refers to the ability
to acquire, assimilate, transform, and apply
knowledge to generate learning and innovation.
This concept has been adopted in educational
studies to explain how individuals process and
internalize new knowledge, particularly when
this knowledge involves practical skills, such as
financial literacy.
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This research proposes an adaptation of
the absorptive capacity model , originally
conceptualized by [ Zapata Rotundo and
Hernandez Arias, 2018 ] in a business context, to
apply it to the field of financial education in an
academic setting . While in its original
formulation, absorptive capacity refers to a
company's ability to recognize, assimilate,
transform and apply external knowledge, here
we redefine its components to understand how
young people acquire and use financial
knowledge inside and outside the classroom.

This adaptation allows us to analyze
financial education not only as a transmission of
information, but as a dynamic process
influenced by cognitive, institutional and
contextual factors.

In this reformulation of the model, we
identify three key components that interact to
determine the effectiveness of financial
education in young people:

The cognitive factor

Financial literacy refers to knowledge related to
the conceptualization and mastery of financial
education tools. This is the fundamental pillar
that lays the foundation for informed decision-
making. It's not simply about memorizing
definitions, but rather understanding the logic
behind financial concepts and their practical
application. This includes a wide range of
knowledge, from creating personal budgets,
differentiating between active and passive
income, the importance of saving and investing,
to understanding basic financial products such as
insurance and credit.

The institutional factor

It focuses on the formal educational
environment, where the main actors are
educational institutions and teachers . Their role
is crucial in how financial education is delivered
in a structured, formal, and up-to-date manner.
This component encompasses the quality of
curricula, teacher training and teaching, the
availability of educational resources [materials,
digital platforms, simulation tools], and the
relevance and pertinence of the content taught.
Educational institutions are responsible for
designing curricula that not only address
technical knowledge but also foster critical
thinking and the ability to solve real-life
financial problems.
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Teachers, for their part, are the key
facilitators; their ability to convey complex
concepts in an accessible way, generate interest
in the subject, and connect theory with practice
is crucial for students.

Environmental factor

It refers to the family and social environment in
which young people develop. This component is
vitally important because, without support and
practice in this area, what they learn in school
may not be applied in real life. The family acts
as a microcosm where values, attitudes, and
behaviors toward money are internalized. The
way  parents manage their  finances,
conversations about money at home, young
people's participation in family economic
decisions, and the promotion of savings or
financial responsibility are all elements that
significantly shape their relationship with
money.

From this comprehensive perspective of
the absorptive capacity model, financial
education takes on a function that is not only
informative, but also deeply formative and
transformative. It empowers individuals to make
more conscious, responsible, and sustainable
decisions throughout their lives, allowing them
to navigate today's economic complexity with
greater security and autonomy.

Its teaching, therefore, cannot be seen as
an isolated strategy or a mere -curricular
complement, but as an intrinsic part of a
comprehensive education that coherently
articulates solid knowledge, favorable learning
contexts, and the continuous development of
individual capacities. It is the synergistic
interaction of these three factors—cognitive,
institutional, and environmental—that will allow
young Mexicans, and the general population, to
transcend mere financial literacy toward true
economic autonomy and lasting well-being. [
Mora Caballero, Lopez Posada, & Rubio
Guerrero, 2020 ].

Methodology

This study is quantitative and cross-sectional .
The target population consisted of 207
secondary school students in Reynosa,
Tamaulipas, beneficiaries of a scholarship
during the year 2024. Due to the manageable size
of the population, a census sampling was
applied, surveying 100% of the beneficiaries.
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A 31-item survey was used, the questions
were designed with a Likert-type scale,
facilitating the quantitative measurement of the
variables of interest.

Table 1

Operationalization of the instrument variables

Cronbach's
alpha

Dimension Item

Have you studied or learned | 1:No
anything about financial | 2: A little

education? 3: Quite a
Cognitive Do you know the concept of a | bit 4: A lot
Factor [Basic | personal budget? S:
Financial Everything
Knowledge] Do you understand the difference
between saving and spending?
Do you know how to prioritize
your expenses?
1: Nothing
Cognitive 2: Less than
Factor What percentage of your money | 10% 3: 10-
[Financial do you save? 20% 4: 21-
Planning] 50% S:
More than
50%
Do you consider it important to
save for your future?
- 1: Nothing -
ls)a(‘)/igosuarl:;ow what retirement 2. A little
. g ) 3: Quite a
Cognitive Do you understand how interest | bit 4: A lot
Factor charges work on a loan? 5:
[Knowledge E .
. - verything
of  Credit | Do you know how to use a debit
Use] card?

Do you know what a credit card
is?
Is financial education taught in | 1: Nothing -

your classes? 2: Alittle
p 3: Quite a
o Have your teachers discussed the :
Institutional importance of saving and b%t 4: Alot -
Factor financial management in class? 3 .
[School Everything
Support] Does  your school  offer
workshops or internships on
financial education?
Do your parents keep track of | 1: Nothing -
family expenses? 2: Alittle
3: Quite a
Do your parents talk to you about | pi44- A [of -
Environment | the importance of managing your | s.
Factor personal finances? Everything
[Family
Influence] Do your parents teach you about

the value of money?

At home I have been taught to
make a personal budget

Have you used your scholarship | 1: Nothing -
money to save or invest in | 2: A little

Use of the | anything specific? 3: Quite a
Scholarship's |"How much scholarship money | bit4: A lot-
Financial have you used for personal | > ]

Resources expenses? Everything

Of the money your parents or | Open
family give you, or the money | Question
you receive from scholarships,
how do you keep track of it?

Source: Elaboration Own
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The reliability of the questionnaire was
assessed using Cronbach's alpha coefficient. The
values obtained for most items exceeded the
threshold of 0.70, indicating acceptable
reliability of the instrument for the purposes of
this research. Although some items with slightly
lower values were identified, it was decided to
retain them to preserve the conceptual integrity
and structural coherence of the instrument in the
present study.

These specific items will be reviewed
and possibly adjusted in future research, with the
aim of optimizing the internal consistency of the
questionnaire.

Table 2
Results of Cronbach's Alpha Analysis by Item
of the Instrument

Dimension Items evaluated Cronbach's
o range

Basic financial
knowledge, financial
planning, use of

Cognitive credit, retirement

Factor savings 0.704 — 0.721
School support [class

Institutional | content, workshops,

Factor teacher participation] | 0.723 —0.727
Family influence
[financial habits at
home, money

Environment | conversations,

Factor informal education] 0.704 -0.719
Destination of the
resource [education,

Use of | savings, personal

economic expenses], control of

resources the money received 0.717 - 0.727

Source: Elaboration Own
Results

The results reveal a worrying situation regarding
the level of financial education among
scholarship recipients, as well as an insufficient
presence of this training in the school
environment. First, it was identified that more
than half of those surveyed [50.2%] have neither
studied nor learned anything about financial
education, while 44% admit to having limited
knowledge on the subject. This low level of
knowledge represents a significant obstacle to
the responsible management of personal
financial resources.
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A particularly relevant aspect is the
limited integration of financial education into
regular classes, as 70.5% of students stated that
they are not taught this type of content in school,
and only 5.8% indicated that this training is
offered regularly or as a required subject. This
lack of formal education contributes to
perpetuating low financial preparation, limiting
the potential impact that educational institutions
could have on developing financial
competencies.

Table 3
Descriptive analysis

knowledge of

about  personal

Evaluation

Area Description Percentage
More than half

Cognitive have neither

Factor: Low | studied nor

level of | learned anything

knowledge about financial

about education, and | 50.2% [Knows

financial 44% have limited | nothing] 44%

education knowledge. [Knows a little]
Most people

Cognitive know how to | 72.4% [Knows

Factor: prioritize, but a | how to prioritize]

Ability to | significant 27.5% [Does not

prioritize percentage donot | know how to

expenses have this skill. prioritize]

Cognitive Only a small

Factor: percentage have | 9.1% [Adequate

Limited good knowledge | knowledge of

how to make a

key concepts | budgeting. personal budget]
Most report that

Institutional financial 70.5% [Not

Factor: education is not | taught]  23.7%

Financial taught in their | [Occasionally]

education in | classes or only | 5.8% [Regularly

schools occasionally. or more]

Environment | Most receive

Factor: guidance  from

Influence of | parents on

family financial

education management. 83.47%

Regarding specific skills, only 9.1% of
students demonstrated adequate knowledge of
the concept of a personal budget. Although
72.4% reported knowing how to prioritize their
expenses, a significant 27.5% lack this ability,
reflecting deficiencies in everyday financial
decision-making. On the other hand, family
influence is a positive variable, as 83.47% of
young people reported receiving financial
guidance from their parents, highlighting the
importance of the family environment in
developing financial competencies.
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To analyze the relationships between
variables, a Pearson correlation analysis was
performed. The results identified positive and
statistically significant associations between the
cognitive factor [level of financial knowledge]
and the other two dimensions evaluated: the
institutional factor [r = 0.149, p < 0.05] and the
family environment [r = 0.207, p < 0.01].
Although these associations are significant, their
magnitude is weak, indicating a limited
relationship. In practical terms, students with
greater financial knowledge tend to perceive
greater support from their school and, to a
greater extent, from their families.

Likewise, a positive and significant
correlation was observed between financial
knowledge and the use of scholarship money to
save or invest in something specific [r=0.221, p
< 0.01], suggesting that those with a greater
understanding of financial concepts tend to use
resources more strategically. Similarly, family
environment showed a weak but significant
association with this behavior [r = 0.207, p <
0.01], while the institutional factor did not show
a significant relationship [r =-0.015].

Table 4
Correlation of variables

Variables Cognitive | Institutional | Environment

Factors Factors Factor
Cognitive R=1.000 | R=0.149* | R=0.207 **
Factors p=0000 | p=0.036 | p=0.003
Institutional R =0.149 | R=1.000 R =0.087
Factors *

p = 0.036 | p=0.000 p=0222

*®

Environment | R =0.207 | R=0.087 R =1.000
Factor *x

p=0.003 | p=0.222 p =0.000
Using R=0.221 | R=-0.015 R =0.207 **
scholarship **
money to save | p = 0.002 | p=0.839 p=0.003 **

or invest Hok

To further explore the identified
relationships, a linear regression model was
proposed to assess the extent to which cognitive,
institutional, and family environment factors
predict the strategic use of the scholarship,
understood as its use for savings or investment.

The model showed limited explanatory
power [R? = 0.053], indicating that the included
variables account for only 5.3% of the variability
in strategic resource use.
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Within the model, the only statistically
significant predictor was the cognitive factor [
=0.5604, p = 0.003], while the institutional [p =
0.472] and family environment [p = 0.546]
factors did not show significant effects.

These results suggest that a student's
level of financial knowledge is the primary
determinant of the conscious and strategic use of
the financial resources provided by the
scholarship, above the influence of the
institutional or family context. However, the low
coefficient of determination indicates the
existence of other factors external to the model
that also contribute to this financial behavior and
could be explored in future research.

Table 5

Linear Regression as Dependent Variable:
Have you used your scholarship money to save
or invest in something specific?

Predictor Estimator | EE t P
Constant 0.9173 0.4704 | 1,950 | 0.053
Cognitive 0.5604 0.1842 | 3.042 | 0.003**
Factors

Institutional | —0.1266 0.1757 | —0.721 | 0.472
Factors
Environment | 0.0479 0.0793 | 0.604 0.546
Factor
Model R2=0.0530 R=0.230

It is clear that the cognitive dimension
plays a central role in the three determinants
analyzed. However, the results also reveal a
worrying gap: only 9% of young people
surveyed reported knowing and applying one of
the most fundamental concepts of financial
education: ~ budgeting. = This  deficiency
significantly limits their ability to strategically
plan and manage the financial resources received
through the scholarship.

In this context, the institutional and
family environment dimensions appear to
function as part of an incomplete training cycle.
On the one hand, the family environment
recognizes the importance of talking about
money and financial practices; however, these
conversations may be influenced by empirical,
non-formalized, and non-updated knowledge,
which reduces their effectiveness.
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On the other hand, the educational
institutions that should serve as key regulatory
and training bodies are not playing an active or
systematic role in teaching these topics, a
situation reflected in the negative coefficient [ R
= -0.015] of the institutional factor within the
correlational analysis.

Conclusions

The findings of this research show that young
scholarship recipients have limited financial
literacy, particularly in fundamental concepts
such as budgeting, saving, credit, and planning.
This lack has direct implications for how they
manage the financial resources provided by the
scholarship.

The hypothesis proposed is partially
confirmed. Although there is a significant
relationship between the level of financial
knowledge and the strategic use of resources
[such as savings or investment], institutional
factors, specifically the role of the school, did
not show a predictive effect. In contrast, the
family environment does exert some positive
influence, and the company granting the
scholarship is fulfilling a valuable role in its
commitment to social responsibility by
financially supporting these students.

However, a worrying gap emerges while
families make efforts to discuss finances at home
and the private sector does its part, educational
institutions appear to be lacking in this
education. The data is clear: only a minority of
students have received financial education as a
formal part of the school curriculum.

This raises a key question for the
education system: why has financial education
not been seriously and urgently incorporated into
the curriculum? In a context where economic
decisions have a direct impact on people's
present and future well-being, financial literacy
should be a priority in the comprehensive
education of young people.

This study demonstrates that a
scholarship alone does not guarantee strategic
use of resources if it is not accompanied by
management skills . Financially empowering
students not only enhances the impact of the
scholarship, but also strengthens their
independence, vision, and responsible decision-
making.
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Abstract

This article proposes an inventory optimization strategy for
Micro and Small Enterprises [MSMEs], addressing management
inefficiencies in the San Martin Texmelucan region, Puebla. The
methodology, with a quantitative approach, utilized a case study
in a Micro and Small Enterprise [MSME] distributing raw
materials in the dairy sector. The strategy combined ABC
classification and cycle counting. An Ishikawa diagram was used
to identify the root causes of inaccurate inventories.
Implementation included a physical inventory, the development
of an Excel macro to automate control, a warechouse layout
redesign, and an action plan for cycle counting. This low-cost
solution, adapted to the needs of MSMEs in this area, aims to
improve their efficiency and profitability.

Inventory optimization strategy in MSMEs: ABC and Cycle counting
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Resumen

En este articulo se propone una estrategia de optimizacion de
inventarios para MyPEs, abordando las ineficiencias de su
gestion en la region de San Martin Texmelucan, Puebla. La
metodologia, con enfoque cuantitativo, utilizé un caso de estudio
en una PyME distribuidora de materias primas del sector de
lacteos. La estrategia combino la clasificacion ABC y el conteo
ciclico. Se utilizé un diagrama de Ishikawa para identificar las
causas raiz de los inventarios imprecisos. La implementacion
incluyo un inventario fisico, el desarrollo de una macro en Excel
para automatizar el control, un redisefio del layout del almacén y
un plan de accion para el conteo ciclico. Esta solucion, de bajo
costo y adaptada a las necesidades de las MyPEs en esta zona,
busca mejorar su eficiencia y rentabilidad.

Estrategia de optimizacion de inventarios en MyPEs: ABC y Conteo ciclico
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Introduction

Micro, small, and medium-sized enterprises
[MSMEs] serve as the main framework of
economies and are a relevant and significant
driving force for innovation and economic
development in any country. Globally, these
economic entities constitute more than 90% of
businesses and generate between 60% and 70%
of employment worldwide [United Nations,
2023]. In Mexico, there are approximately 4.7
million of these enterprises, employing 68% of
the total workforce [INEGI, 2020]. Studying this
sector is a priority since it represents the
economic cornerstone of Mexico, making it
essential to understand its dynamics for national
development.

The absence of consistent administrative
and operational management represents a
constant obstacle to the growth and development
of Mexican small and medium-sized enterprises
[Ramirez Castillejo et al., 2022; Garcia-Garcia,
2021]. Regarding the lack of business
management within this sector, this case study
focuses on micro and small enterprises [MSEs].

Currently, adequate and efficient
inventory management is crucial for the survival
and development of MSEs. Poor inventory
handling and control can lead to excessive costs,
product obsolescence, losses due to theft or
damage, and even customer dissatisfaction due
to unmet commitments, ultimately contributing
to business failure [Soto-Leyva et al., 2023;
Trujillo Soberanes et al., 2025]. Indeed, the lack
of optimal inventory management is one of the
main causes of bankruptcy in MSEs,
highlighting the urgency of addressing this issue.
Conversely, optimal inventory management
ensures product availability at the right time and
place, minimizes storage costs and immobilized
capital, and improves overall financial
performance [Kittisak, 2023].

MSEs and inventory management

Inventory management in MSEs is generally a
challenge due to their limited resources and
weaker capacity to compensate for errors
compared to large companies [Rashmi, 2024].
Inventory administration and control are
essential tools that help companies properly
manage  their  products  through  the
implementation of specific policies, methods,
and procedures.

ISSN: 2531-2995
RENIECYT: 1702902
ECORFAN® All rights reserved.

However, the lack of knowledge about
accessible tools or techniques and the shortage
of specialized personnel often result in empirical
decision-making [Lazaro-Hernandez, 2023],
which may not be the most effective or efficient.
As noted by Garrido-Bayas and Cejas-Martinez
[2017], effective inventory management ensures
MSE profitability, increases revenue, and boosts
total assets.

It is worth noting that deficient inventory
management is one of the main causes of
mortality among MSEs [Romero-Agila et al.,
2021]. Conversely, proper inventory
management enables MSEs to maintain a
balance between stock capital and timely
demand satisfaction, generating competitive
advantage and sustainability in the market [Blen,
2019].

This article proposes an inventory
optimization strategy specifically designed for
MSEs, distinguished by its integrated approach
and implementation through a case study. Unlike
other techniques that may require robust and
costly software or advanced technical
knowledge, this proposal combines ABC
classification and cycle counting using
Microsoft Excel. Optimizing warehouse
operations through strategic improvements and
ABC analysis is a primary objective [Lehmusto,
2024].

The ABC classification is fundamental
because it allows prioritization of products
according to their value or sales volume,
focusing control efforts on the most critical
items. This feature is essential for MSEs, as they
cannot allocate equal resources to all products.
Additionally, cycle counting ensures continuous
inventory accuracy, avoiding interruptions and
errors associated with traditional annual physical
inventories. Integrating these two techniques
enables proactive and dynamic inventory
control.

The added value lies in the proposal of an
Excel macro to automate much of the process, a
redesigned warehouse layout to optimize space
and reduce search time, and a detailed action
plan for implementing cycle counting. Together,
these tools and methodologies provide a
practical, low-cost solution adapted to the
operational and financial reality of MSEs,
aiming to improve operational efficiency and
inventory management [Jokela, 2024].
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The main problem addressed in this study
is the inefficiency of inventory management in
MSEs in the San Martin Texmelucan region,
Puebla, leading to unnecessary operating costs,
uncontrolled inventory, product excesses or
shortages, and decision-making limitations due
to unreliable data. The lack of standardized
warehouse processes, absence of automated
control tools, and inadequate personnel training
have led companies to manage their inventories
manually or use Excel empirically [Romero-
Agila et al., 2021; Manideep, 2024].

The proposed hypothesis was that
implementing an inventory optimization
strategy based on ABC classification and cycle
counting, supported by accessible tools such as
an Excel macro and a structured action plan,
would significantly improve inventory accuracy,
reduce operating costs, and increase overall
efficiency in MSEs. It was intended to
demonstrate [through a pilot test in an SME] that
even with limited resources, efficient inventory
management can be achieved, resulting in
substantial improvement in profitability and
competitiveness.

Methodology

This research employed a quantitative and
applied approach, addressing a specific practical
problem in an SME through the application of
existing knowledge and methodologies. The
study was framed within a non-experimental and
cross-sectional design, as it involved observing
phenomena in their natural context without
manipulating variables, collecting data at a
single point in time [Hernandez-Sampieri &
Mendoza-Torres, 2018].

A family-owned SME dedicated to
supplying dairy raw materials, located in the San
Martin Texmelucan region of Puebla, Mexico,
was selected as the pilot test. The company
needed to optimize its inventory management to
improve operational efficiency and customer
service. The following tools were used for
implementation: Ishikawa diagram for initial
diagnosis, physical inventory to generate the
database, Excel macro for registration and
control, ABC classification, and cycle counting.

The  methodology  focused  on
implementing ABC Classification and Cycle
Counting, defined by the variables summarized
in Table 1.
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Table 1
Variables and criteria used in the pilot test

Aspect Variable Description
Main Total monetary value of
criterion each product in inventory
i identifier f h
Product code g:;lque identifier for eac

Purchase Unit acquisition cost of the
price product
Current quantity of product

Total stock units in the warehouse

Total S
ABC roduct esult of  multiplying
Classification | P 1 purchase price X total stock
value
Cumulative | Proportion of each product’s
value value relative to the total
percentage inventory value
Category assignment
ABC according to value. A
lassificati [higher value and strict
classihication control], B [intermediate
value], C [lower value]
The specific item to be
Product counted
. Counting periodicity
f(;ountlng defined according to the
requency ABC classification
. Person or team in charge of
Responsible performing the count
Counting Day on which the physical
Cycle date count was carried out
counting Physical Actual number of units
count counted in the warehouse

Theoretical | Number of units recorded in
count the system [Excel macro]

Discrepancy between the
physical and theoretical
counts, used for identifying
and correcting errors

Difference

The stages developed during the pilot test
were as follows: problem identification, physical
inventory, Excel macro development, ABC
classification, layout redesign, cycle counting
action plan, and training.

Results

The results derived from this research are
summarized below:

1. Problem identification

The study began with the application of an
Ishikawa diagram [Figure 1] to diagnose the
causes of inefficient inventory management in
the SME under study. This allowed visualization
and identification of the root causes of the
problem.
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Figure 1

Ishikawa diagram showing the root causes of
inefficient inventory management.
Source: Own elaboration.

Through this tool, it was identified that
inventory errors were mainly related to the way
inventories were managed—specifically, work
methods, organization, and control.

2. Physical inventory

Due to the inconsistencies identified in the
inventories, a physical count and registration of
items [Table 2] were carried out to generate a
reliable and accurate database.

Table 2

Items considered in the counting and
recording of inventories
Key Category Type of raw
material

LPC-25-45 | Powdered milk | Continental
BEN-1-1 Chemical Benz
QAC-1-1 Chemical Acet
QSU-1-1 Chemical Suprox
CUA-1-1 Chemical Rennet
CPA-17-60 | Powdered Alpina
LPG-25-45 | cream Gold
LPS-25-45 | Powdered milk | Star
LPG-25-45 | Powdered milk | Gold
QSA-1-1 Powdered milk | Flavoring
BOR-1-1 Chemical Whitener
CPA-17-60 | Chemical Alpina
CPB-17-60 | Powdered Cqgb
CPV-17-47 | cream Cqv
GVV-17- Powdered Vegelac
45 cream Benz
BEN-1-1 Powdered Suprox
QSU-1-1 cream Calcium
CAL-1-1 Vegetable fat | Titanium
QTI-1-1 Chemical

Chemical

Chemical

Chemical

Source: Own elaboration.
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As shown in Table 2, a portion of the
physical inventory information is presented as an
example. Data such as purchase price, sales cost,
and inventory value are not included for
confidentiality reasons, but all necessary
information was collected as the basis for the
next stage.

3. Development and implementation of the
Excel Macro

An Excel macro was created as a system to semi-
automate inventory control [Figure 2],
facilitating entry and exit registration, product
search by code, and automatic stock updates,
thereby optimizing inventory control and record-
keeping.

Inventory control system

Date

Code
Category

Supplier

Stock

Clear

Transaction type
Quantity

Figure 2
Macro as an inventory control and registration
system.

Source: Own elaboration.
4. ABC classification

Once the macro was implemented and the
inventory recorded, the ABC classification was
conducted. Each product was valued by
multiplying its purchase price by its current
stock. Based on this criterion, products were
ordered from highest to lowest value to
determine their A, B, or C category.

Table 3
Product classification according to the ABC
method

Classification | Products Percentage
A 3 77%

B 3 18%

C 22 5%

Total 28 100%

Lazaro-Hernandez, Refugio, Lazcano-Cortés, Gabriela, Romero-Cruz, Clara
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The classification criteria were:

- Class A: Products with the highest
cumulative value [70-80% of total
value]

- Class B: Products with intermediate
cumulative value [15-25%]

- Class C: Products with the lowest
cumulative value [5-10%]

5. Warehouse layout redesign

Based on the ABC classification results, a new
warehouse layout [Figure 3] was proposed for
the SME to optimize product distribution and
facilitate access to high-turnover or high-value
items.

Box 6
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E 11.2 [
o G= 4.6 m E E]B
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Figure 3

Redesign of the warehouse layout.
Source: Own elaboration.

6. Cycle counting action plan

A detailed action plan was developed to
establish the cycle counting frequency and
assign clear responsibilities to staff. This plan
considers ABC classification to determine
counting frequency, ensuring that higher-value
products are audited more frequently.

7. Capacitacion

Comprehensive training was provided to the
SME’s staff on the cycle counting procedure,
product rearrangement according to ABC
classification, and use of the macro for inventory
control and registration.
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This ensured that all employees
possessed the knowledge and skills necessary to
maintain the new system effectively.

Summary of Results

The application of the Ishikawa diagram
confirmed that inventory issues were due to a
lack of planning, organization, and control in
work methods. This resulted in losses from
misplaced or damaged products and missed sales
opportunities.

The initial physical inventory served as
the basis for accurate auditing. The ABC
classification showed that, out of the company’s
28 products, only 3 [11%] were Class A items,
representing 77% of total inventory value, while
22 products [79%] were Class C, representing
only 5% of total value. This analysis allowed the
company to refocus control efforts on the most
critical items.

Implementing cycle counting and using
the Excel macro significantly improved
inventory accuracy. After six weeks of
application, the accuracy of Class A products
increased from 65% to 98%; Class B from 75%
to 95%; and Class C from 80% to 92%.

The redesigned warehouse layout, which
placed Class A products in easily accessible
areas, and the macro’s automation of record-
keeping, led to a 40% reduction in time spent
searching and handling inventory. This resulted
in a 15% decrease in operating costs related to
inventory management, including reduced labor
hours and lower losses due to obsolescence.

The implementation of the new system
provided management with reliable, up-to-date
data. With this information, the company made
more informed decisions regarding purchasing,
promotions, and demand planning, resulting in a
30% reduction in stockout cases.

These results demonstrate that even with
limited resources, a well-structured inventory
optimization strategy can have a significant
impact on the efficiency and profitability of an
MSE.
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Conclusions

The application of the proposed methodology
validated the initial  hypothesis  that
implementing an inventory optimization
strategy based on ABC classification and cycle
counting, supported by accessible tools such as
an Excel macro and a structured action plan,
would significantly improve inventory accuracy,
reduce operating costs, and increase overall
efficiency in MSEs.

The Ishikawa diagram clearly identified
that the root cause of inefficient inventory
management in the SME was the lack of
planning, organization, and control, resulting in
excessive costs, misplaced products, and lost
sales.

The physical inventory, combined with
the development of a customized Excel macro,
enabled the creation of a reliable database and
semi-automation of repetitive tasks, reducing
human error. With data registered in the macro,
ABC classification was applied, allowing
product categorization and focused control
efforts on items with the greatest financial
impact.

Improvement  strategies such as
warehouse redesign and implementation of a
cycle counting action plan were established
based on ABC analysis results. This ensured
high consistency between physical and
theoretical inventories while minimizing the
operational disruptions typically caused by full
annual inventories.

Finally, the findings of this study
demonstrate that achieving efficient inventory
management in MSEs with limited resources is
possible, directly translating into substantial
improvements in profitability and
competitiveness.

For future research, although this pilot
strategy proved effective, it is recommended to
investigate its applicability in MSEs from other
sectors with different inventory characteristics
[e.g., short-shelf-life perishable products or
highly seasonal items]. Additionally, developing
new functionalities in the Excel macro, such as
order automation or integration with sales
systems, could further enhance optimization.
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