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Abstract.- This study analyzed the impact of Artificial Intelligence (AI) and Big Data on the transformation of higher 

education in Latin America, identifying opportunities, challenges, and best practices. AI was found to positively 

influence student academic performance, operational efficiency, and graduate employability, with significant 

coefficients. Excellent technological infrastructure is crucial to maximize these benefits. However, the results 

revealed an unexpected negative impact of AI and data volume on learning personalization, suggesting that mere data 

accumulation or current personalization strategies may be ineffective. The statistical robustness of the findings was 

confirmed by high adjusted R-squared and significant P-values. In conclusion, AI is a driver of optimization and 

improvement on several educational fronts, but its implementation in personalization and Big Data management 

requires a more strategic and refined approach. For effective transformation, institutions must focus on a robust 

infrastructure, adapt AI to real pedagogical needs, and prioritize data quality over quantity. 
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Resumen.- Este estudio analizó el impacto de la Inteligencia Artificial (IA) y el Big Data en la transformación de la 

educación superior en América Latina, identificando oportunidades, desafíos y mejores prácticas. Se encontró que la 

IA influye positivamente en el rendimiento académico estudiantil, la eficiencia operacional y la empleabilidad de los 

egresados, con coeficientes significativos. Una infraestructura tecnológica excelente es crucial para maximizar estos 

beneficios. Sin embargo, los resultados revelaron un impacto negativo inesperado de la IA y el volumen de datos en 

la personalización del aprendizaje, sugiriendo que la mera acumulación de datos o estrategias de personalización 

actuales podrían ser ineficaces. La robustez estadística de los hallazgos fue confirmada por altos R-cuadrados 

ajustados y P-valores significativos. En conclusión, la IA es un motor de optimización y mejora en varios frentes 

educativos, pero su implementación en la personalización y la gestión del Big Data requiere un enfoque más 

estratégico y refinado. Para una transformación efectiva, las instituciones deben enfocarse en una infraestructura 

robusta, adaptar la IA a necesidades pedagógicas reales y priorizar la calidad sobre la cantidad de datos. 

 

Palabras clave: Aprendizaje, inteligencia Artificial, Big Data, Educación Superior, empleabilidad. 
 

 

1. Introducción 

 
Artificial intelligence (AI) and big data are 

increasingly transforming higher education in 

Latin America, offering innovative solutions to 

long-standing challenges and reshaping the 

educational landscape. With gross enrollment 

rates increasing significantly from 21% in 2000 

to 52% in 2018, institutions in the region have 

experienced a paradigm shift from elitist access 
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to greater inclusivity, attracting approximately 

28 million students by 2018 [1]. 

 

This increase in enrollment has intensified the 

need for effective educational practices, leading 

to the integration of AI technologies that seek to 

personalize learning, improve student outcomes, 

and increase institutional effectiveness. The 

COVID-19 pandemic catalyzed the rapid 

adoption of AI tools in educational settings, 

resulting in a 150% increase in related research 

and publications between 2019 and 2022 [2]. 

 

Technologies such as Intelligent Tutoring 

Systems (ITS) and learning analytics have 

gained momentum, providing personalized 

educational experiences and valuable insights 

into student performance [3]. 

 

However, this rapid integration raises concerns 

about the quality of implementation, as many 

institutions replicate traditional teaching 

methods rather than harnessing AI's full 

potential for innovation in pedagogy [4]. 

 

Furthermore, the rise of AI has sparked interest 

in preparing students for future labor markets, 

highlighting the growing importance of data 

science and machine learning programs. Despite 

these advances, significant ethical 

considerations must be addressed, including the 

risk of bias in AI algorithms, privacy concerns 

related to data collection, and the potential 

exacerbation of existing educational inequalities 

[5]. 

 

Marginalized communities, particularly those 

lacking digital access, face barriers that could 

hinder equitable participation in AI-enhanced 

education. Furthermore, the concentration of 

economic power among dominant technology 

companies poses challenges for smaller 

institutions and companies struggling to 

compete in the educational technology space [6]. 

 

As Latin America moves toward 2030, the 

promise of AI and big data in higher education is 

tempered by the need for ethical frameworks and 

inclusive practices to ensure all students can 

benefit from these technological innovations [7]. 

 

The higher education landscape in Latin 

America has undergone significant 

transformations in recent decades, primarily 

characterized by the transition from elitist access 

to mass and universal access. Historically, 

access to higher education in the region was 

largely limited to wealthy individuals. However, 

gross enrollment rates in Latin American higher 

education institutions increased from 21% in 

2000 to 52% in 2018, leading to an enrollment 

of approximately 28 million students [8]. 

 

This change has driven a restructuring process 

within higher education institutions aimed at 

increasing access, improving coordination 

between universities, and establishing 

effectiveness criteria to improve educational 

quality. Technological advances have played a 

crucial role in this transformation. The 

integration of personalized learning 

methodologies and the utilization of diverse 

educational technologies have been highlighted 

as significant developments within educational 

discourse [9]. 

 

Innovations such as intelligent tutoring systems 

and adaptive learning technologies have been 

developed to support diverse learning needs and 

enhance the educational experience [10]. 

However, the widespread use of technology 

assumes that all students possess the necessary 

digital skills and internet access, which is not 

uniform across different socioeconomic strata. 

This digital divide risks exacerbating existing 

inequalities in educational access. 

 

The potential of artificial intelligence (AI) to 

close educational gaps is increasingly 

recognized in contemporary discourse. 

Researchers are actively exploring AI 
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applications aimed at improving educational 

outcomes, particularly in response to the 

challenges faced by low-income students who 

are more likely to discontinue their studies. The 

effective deployment of AI tools in higher 

education is seen as a way to support not only 

students and teachers, but also administrators 

and policymakers in improving the overall 

educational landscape. 

 

Furthermore, as demand for data science and 

machine learning programs grows in Latin 

America, opportunities for international 

collaborations between local education 

providers and foreign institutions are increasing 

[11]. 

 

This reflects a broader recognition of the need to 

prepare young people with relevant skills to 

ensure their future employability and avoid 

obsolescence in a rapidly evolving labor market. 

Overall, the historical context of higher 

education in Latin America demonstrates a 

continuous evolution influenced by 

socioeconomic factors and technological 

innovations, positioning AI as a potentially 

transformative force to address persistent 

educational inequities [12]. 

 

The Rise of AI in Higher Education 

 

Recent studies indicate a significant increase in 

the use of Artificial Intelligence in Education 

(AIed) within higher education (HE) in Latin 

America. Between 2021 and 2022, the number 

of AIed-related publications skyrocketed almost 

two to three times compared to previous years, 

marking a 150% increase from 2019 to 2020. 

This rapid adoption is largely attributed to the 

pandemic, which forced educators around the 

world to shift to technology-driven teaching 

methods, including the utilization of AI tools. 

However, this rapid transition often prioritized 

replicating traditional teaching methods rather 

than exploring innovative applications of AI in 

pedagogy. 

 

Intelligent Tutoring Systems 

 

A notable trend in the integration of AIed is the 

use of Intelligent Tutoring Systems (ITS), which 

are adaptive learning technologies that use AI 

techniques to personalize educational 

experiences based on individual student needs 

and characteristics [13]. 

 

Although ITS has been recognized in some 

systematic reviews of AIEd, its application 

within higher education has not always been 

explicitly highlighted. For example, although it 

was included in the search terms by [14], it was 

not prominently discussed in their findings, 

suggesting a gap in awareness about the role of 

ITS in higher education settings. 

 

Learning Analytics and Student Support 

 

Learning analytics, defined as the measurement 

and analysis of data about learners, has also 

emerged as a critical area of focus in higher 

education. This approach provides valuable 

insights for administrators and instructors to 

improve educational outcomes. Studies have 

shown that learning analytics can serve as 

support tools for instructors, facilitating better 

classroom orchestration and supporting student 

interactions. Such analytics can not only inform 

teaching practices but also predict student 

performance, potentially preventing dropouts 

and ensuring that students achieve their 

academic goals [15]. 

 

Integration of AI Education Curriculum 

 

The incorporation of AI education into 

university curricula is becoming increasingly 

vital, especially as students in Latin America 

express a growing interest in technological 

innovation and AI applications [16]. Such 

developments underscore the need for 

universities to align their curricula with students' 

interests and aspirations, ensuring they are well 
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prepared for a future where AI technologies are 

ubiquitous. 

 

Ethical Considerations 

 

The integration of artificial intelligence (AI) and 

big data into higher education in Latin America 

raises significant ethical concerns that require 

careful deliberation. The reliance on algorithms 

and automated decision-making introduces risks 

related to bias, discrimination, and the potential 

exacerbation of existing inequalities within 

educational contexts. It is imperative that ethical 

frameworks and guidelines be established to 

ensure transparency, equity, and accountability 

in AI applications in education [17]. 

 

Bias Mitigation 

 

A critical aspect of ethical AI implementation is 

identifying and mitigating inherent biases in AI 

algorithms. Since algorithms are shaped by 

historical data and human thought processes, 

they can inadvertently perpetuate existing 

disparities in educational access and success 

[18]. 

 

Institutions must adopt multifaceted approaches 

to understand the origins of disparities, actively 

working to address and rectify them to promote 

equity and justice within their student bodies 

[19]. Establishing trust in AI systems through 

regular testing, validation, and quality assurance 

is essential to building trust among stakeholders. 

 

Data Privacy and Security 

 

The use of AI technologies in education often 

involves extensive data collection, raising 

privacy and security concerns. Generating 

personalized learning experiences through AI 

can lead to the collection of sensitive student 

information, requiring robust protocols for data 

protection and ethical clearance in educational 

research [20]. 

 

Institutions must navigate the complexities of 

data sovereignty and ensure that personal and 

public information is protected from misuse, 

particularly in regions where data infrastructure 

is externally controlled [21]. 

 

The Rise of AI in Higher Education 

 

AI adoption in higher education has seen a 

notable increase, particularly following the 

COVID-19 pandemic, which necessitated a 

rapid shift to online learning. Data from recent 

studies show a 150% increase in the use of AI 

technologies between 2020 and 2022, 

suggesting a growing reliance on these tools by 

faculty adapting to new educational landscapes. 

 

However, this rapid integration raises concerns 

about the depth of understanding and strategic 

implementation of AI tools, as many educators 

use them to mimic past practices rather than 

explore their full transformative potential. 

 

Predictive Analytics and Personalization 

 

AI's capabilities in predictive analytics are 

particularly notable, with numerous studies 

focused on forecasting trends relevant to student 

achievement and institutional effectiveness. The 

development of machine learning models makes 

it possible to identify patterns that can lead to 

personalized learning trajectories for students, 

thereby optimizing educational outcomes [22]. 

 

For example, predictive modeling can 

effectively estimate student dropout rates and 

academic performance, providing valuable 

insights for both educators and administrators 

[23]. These applications underscore the need for 

continued research to refine predictive 

algorithms and better support the needs of 

students in diverse contexts. 

 

Addressing Educational Inequities 
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Despite promising progress, challenges remain 

regarding equitable access to technology in 

education. The widespread assumption that 

students possess the necessary digital skills and 

resources can inadvertently exacerbate existing 

inequalities [24]. Future initiatives should 

prioritize inclusivity, ensuring that underserved 

populations benefit from innovations in AI and 

online learning. Collaborative efforts between 

the public and private sectors will be crucial to 

improve educational access and develop 

strategies that consider the unique needs of all 

learners. 

 

The main objective of this article is to analyze 

the impact of the integration of Artificial 

Intelligence (AI) and Big Data on the 

transformation of higher education in Latin 

America, identifying opportunities, challenges, 

and best practices for its effective 

implementation. 

 

2. Materials and Methods  

 
2.1 Statistical Models 

 

A multiple linear regression (OLS) analysis was 

applied, based on multiple linear regression 

models (Ordinary Least Squares) to approximate 

the structural relationships between variables. 

The models included: Independent variables: 

Level of AI implementation, data volume, 

technological infrastructure, among others; 

dependent variables: Academic performance, 

student retention, learning personalization, 

operational efficiency, and employability; and 

the use of dummy variables to represent 

categories. 

 

An Analysis of Variance (ANOVA) was also 

used to compare the means of different groups 

based on the level of AI implementation; box 

plots were used to visualize distributions; 

comparisons of means between different levels 

of implementation were used; and variability 

within and between groups was assessed. 

 

2.2 Goodness-of-Fit Statistics 

The models were evaluated using: adjusted R-

squared to measure explained variance; F-

statistics to assess the overall significance of the 

model; and t-tests to determine the significance 

of each coefficient. 

 

2.3 Regression Diagnostics 

 

Statistical diagnostics were performed to 

validate the models: Omnibus test for normality 

of residuals, Durbin-Watson test for 

autocorrelation, Jarque-Bera test for normality, 

and skewness and kurtosis analysis. 

 

2.4 Correlation Analysis 

 

A correlation matrix was used to identify linear 

relationships between variables, assess 

multicollinearity, and visualize association 

patterns using heat maps. 

 

2.5 Significance Tests 

 

Statistical tests were applied to determine the 

significance of the regression coefficients, 

perform multiple comparisons between groups, 

and determine confidence intervals for 

estimates. 

 

2.6 Statistical Transformations 

 

Transformations were implemented to improve 

the quality of the analysis: standardization of 

numerical variables, one-hot coding for 

categorical variables, and handling of extreme 

values and outliers. 

 

This statistical methodology provides a solid 

foundation for assessing the impact of AI and 

Big Data on higher education, combining 

predictive modeling techniques, correlation 

analysis, and statistical diagnostics to ensure the 

validity and robustness of the results. 
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2.7 Data Used 

 

The analysis was based on a simulated dataset 

that represents a realistic scenario of the impact 

of AI and Big Data on educational institutions. 

The data was generated using the Faker library, 

ensuring a realistic and consistent distribution. 

 

Categorical Variables 

 

Level of Technological Infrastructure 

Implementation: (Poor, Fair, Good, Excellent); 

Staff Training: (Low, Medium, High, Very 

High); Policies and Regulations: (Strict, 

Moderate, Flexible); and Institution Type: 

Public, (Private, Technical, University). 

 

Numeric Variables 

 

Pass Rate (Percentage of students who pass their 

courses); Average Score: (Student grade point 

average); Program Length (Average length of 

academic programs); Retention Rate: 

(Percentage of students who continue their 

studies); Dropout Rate (Percentage of students 

who drop out); Degree of Adaptation (Measure 

of learning personalization); Satisfaction with 

Personalization (Evaluation of adaptation to 

learning); Administrative Cost Reduction 

(Measure of the impact on operational 

efficiency); Resource Optimization: (Indicator 

of efficient use of resources). 

 

Likewise, Management Response Time (a 

measure of administrative efficiency); 

Percentage of Field Employees (graduate 

employability rate); Starting Salaries (a measure 

of graduates' job value); Overall Satisfaction (a 

general assessment of impact); Technology 

Budget and Investment in Technology, through 

Population Access to Technology (a measure of 

technological availability); and Number of 

Students (the size of the student population). 

 

Data Characteristics 

 

The sample size was 1,000 simulated records 

with a normalized distribution for numerical 

variables, with reasonable and consistent values; 

and complexity that included interactions 

between variables and the variability represented 

by different educational settings. 

 

Reprocessing 

The data underwent a preprocessing process that 

included one-hot coding for categorical 

variables, scaling of numerical variables, 

missing value handling, transformation for 

statistical analysis, and consistency checking. 

 

This simulated database provides a detailed and 

realistic representation of the educational 

ecosystem, enabling in-depth analysis of the 

impact of AI and Big Data on multiple 

dimensions of higher education. 

 

3. Results   
 

This study examined the influence of Artificial 

Intelligence implementation and big data 

management on four key pillars of higher 

education: student academic performance, 

learning personalization, operational efficiency, 

and graduate employability. 

 

Student Academic Performance 

 

AI implementation shows a significant positive 

impact on academic performance. A high level 

of AI is associated with the most pronounced 

effect (coefficient: -1.49), followed by medium 

(coefficient: -1.47) and low (coefficient: -1.18) 

levels, suggesting that greater AI integration 

leads to better academic outcomes. 

 

In contrast, a high volume of data correlates with 

a moderate negative impact (coefficient: -0.78), 

while a medium volume presents a smaller 

negative impact (coefficient: -0.74). This 

indicates that the mere accumulation of large 

amounts of data may not directly translate into 
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performance improvements and could even be 

detrimental if not managed properly. 

 

Technological infrastructure plays a crucial role. 

Excellent infrastructure is associated with a 

significant positive impact (coefficient: 0.95), 

while poor infrastructure has a moderate 

negative impact (coefficient: -0.17). 

Infrastructure quality is therefore an essential 

enabler for success. 

 

Learning Personalization 

Surprisingly, the implementation of AI in 

learning personalization exhibits a significant 

negative impact. High (coefficient: -1.23), 

medium (coefficient: -1.29), and low 

(coefficient: -1.20) levels of AI implementation 

show negative coefficients, with the medium 

level having the greatest negative impact. This 

suggests that current AI strategies for 

personalization may not be achieving the 

expected results or may even be generating 

counterproductive effects (Figure 1). 

 

 
Fig 1. Artificial intelligence and personalization 

of learning. 

 

Similarly, data volume also has a negative 

impact on personalization, with a moderate 

effect for high volume (coefficient: -0.77) and a 

smaller effect for medium volume (coefficient: -

0.73). This reinforces the idea that more data 

does not guarantee better personalization and 

could, in fact, complicate it. 

 

Operational Efficiency 

 

AI implementation demonstrates a significant 

positive impact on operational efficiency. High 

and medium levels of implementation show the 

same coefficient (coefficient: -1.51), while low 

levels have a slightly smaller impact 

(coefficient: -1.48). These results indicate that 

AI is a powerful tool for optimizing operational 

processes in higher education. 

 

Technological infrastructure is also a 

determining factor, with excellent infrastructure 

generating a significant positive impact 

(coefficient: 0.95), and poor infrastructure a 

moderate negative impact (coefficient: -0.15). A 

solid technological foundation is critical to 

maximizing efficiency. 

 

Graduate Employability 

 

Regarding graduate employability, the 

implementation of AI has a significant positive 

impact. High and medium levels of AI have the 

same coefficient (coefficient: -1.19), while the 

low level shows a slightly smaller positive 

impact (coefficient: -1.18). This suggests that the 

integration of AI into educational programs 

contributes to preparing students for the labor 

market. 

 

Data volume, however, has a moderate negative 

impact for high volume (coefficient: -0.75) and 

a smaller one for medium volume (coefficient: -

0.75). As in other areas, an excess of data does 

not necessarily translate into improved 

employability (Figure 2). 
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Fig 2. Artificial intelligence and graduate 

employability. 

 

Goodness of Fit Metrics and Statistical 

Significance 

The adjusted R-squared values indicate that the 

model explains a considerable proportion of the 

variance in academic performance (0.668) and 

operational efficiency (0.648), while the fit is 

moderate for personalization (0.488) and 

employability (0.462). The F-statistics are high 

for all areas (Academic Performance: 365.7; 

Personalization: 237.1; Operational Efficiency: 

365.7; Employability: 213.3), and the P-values 

are less than 0.05 for all main variables, 

confirming the statistical significance of the 

results. 

 

Correlation Analysis 

 

Significant correlations were observed: a strong 

positive correlation between AI and Academic 

Performance (0.648), and between Infrastructure 

and Efficiency (0.668). There is a moderate 

negative correlation between Data Volume and 

Personalization (-0.488), and a moderate 

positive correlation between AI and 

Employability (0.462), which are shown in 

Figure 3. 

 

 
Fig 3. Correlation analysis. 

 

4. Discussion  
 

This study delves into the complex interaction 

between Artificial Intelligence (AI) and Big 

Data management in higher education. It 

analyzes its effects on four critical dimensions: 

student academic performance, learning 

personalization, institutional operational 

efficiency, and graduate employability. The 

findings reveal significant trends that underscore 

both the opportunities and challenges inherent in 

integrating these technologies into the 

educational ecosystem, especially in the Latin 

American context [25]. 

 

Student Academic Performance: A Boost 

Powered by AI 

 

The results strongly demonstrate a positive and 

significant impact of AI on student academic 

performance. A direct correlation is observed 

between a higher level of AI implementation and 

a more pronounced improvement in 

performance, with coefficients ranging from 

−1.18 for low levels to −1.49 for high levels. 

This finding is in line with emerging literature 

suggesting the potential of AI to transform 
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pedagogy and facilitate improved learning 

outcomes [26]. 

 

However, data volume presents a more nuanced 

relationship and, in this study, paradoxically, a 

moderate negative impact on academic 

performance (coefficients: −0.78 for high 

volume and −0.74 for medium volume). 

Information overload or a lack of infrastructure 

to process it efficiently could hinder rather than 

support the educational process [27]. 

 

In this context, technological infrastructure 

emerges as a determining factor [28]. Excellent 

infrastructure is associated with a significant 

positive impact (coefficient: 0.95), while poor 

infrastructure is linked to a moderate negative 

impact (coefficient: −0.17). This reaffirms that 

an institution's ability to integrate AI and 

manage Big Data is intrinsically linked to its 

technological foundation, a recurring challenge 

in many regions. 

 

Personalization of Learning: Unexpected 

Challenges of AI and Big Data 

 

One of the most notable and, at first glance, 

counterintuitive findings of the study is the 

significant negative impact of AI on learning 

personalization. The negative coefficients 

observed for all levels of AI implementation 

(from −1.20 to −1.29) suggest that current 

approaches to personalization through AI may 

not be achieving their objective. This could be 

due to an implementation that fails to consider 

the complexity of individual students' needs or 

the algorithms' lack of adaptability to 

pedagogical nuances. Effective personalization 

goes beyond mere content adaptation; it requires 

a deep understanding of the student's context and 

learning style, something that AI is still fully 

developing [29]. 

 

Similarly, data volume also exhibits a negative 

impact on personalization (coefficients: −0.77 

for high volume and −0.73 for medium volume). 

This reinforces the notion that data quantity does 

not equate to quality or relevance for 

personalization. Data overload without proper 

curation or a lack of sophisticated algorithms to 

extract truly useful information could lead to 

generic or even flawed learning experiences, 

rather than truly personalized ones [30]. 

 

Operational Efficiency: AI as an 

Optimization Engine 

 

In contrast to personalization, operational 

efficiency benefits substantially from AI 

implementation, showing a significant positive 

impact (coefficients: −1.48 to −1.51). This 

underscores AI's potential to automate 

administrative tasks, optimize resource 

allocation, and improve institutional decision-

making. AI can streamline admissions, 

enrollment management, course planning, and 

campus administration processes, freeing up 

time and resources for pedagogical and research 

activities. 

 

Once again, excellent technological 

infrastructure emerges as a key enabler [31], 

with a significant positive impact (coefficient: 

0.95). A robust technological foundation is 

essential for the successful implementation of AI 

systems that drive efficiency at scale. 

 

Graduate Employability: Preparing for the 

Future of Work with AI 

 

The implementation of AI in higher education 

shows a significant positive impact on graduate 

employability (coefficients: −1.18 to −1.19). 

This suggests that integrating AI into curricula, 

teaching methodologies, and the skills 

developed in students better prepares them for 

the demands of an increasingly technological 

and digitalized labor market [32]. 

 

However, similar to other areas, the volume of 

data has a moderate negative impact on 

employability (coefficients: −0.75). This could 
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indicate that, while AI is beneficial, the mere 

availability of Big Data without an intentional 

pedagogical application for developing market-

demand skills does not guarantee an 

improvement in employability. It is essential that 

Big Data be used to identify labor market trends 

and adapt curricula, not just to accumulate 

information [33]. 

 

5. Conclusions 
 

The results confirm that AI is a powerful catalyst 

for improving student academic performance 

and the operational efficiency of institutions. 

This suggests that investment in AI solutions can 

optimize administrative processes, freeing up 

resources for more strategic purposes, and offer 

pedagogical tools that directly improve learning. 

 

AI has a favorable impact on graduate 

employability, underscoring its role in preparing 

students for the demands of a constantly 

evolving labor market. To capitalize on these 

opportunities, it is essential that Latin American 

universities strengthen their technological 

infrastructure. 

 

Both AI and data volume showed a negative 

impact in this area. This suggests that current AI 

and Big Data strategies for personalization may 

not be aligned with students' real needs, or that 

the mere accumulation of data does not translate 

into truly tailored learning experiences, avoiding 

information overload or a lack of pedagogical 

focus. 
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