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Abstract 

In this article, we present a systematic review of the literature that explores the impact of Machine Learning as a 

teaching strategy in the educational field. Machine Learning, a branch of artificial intelligence, has gained relevance 

in teaching and learning due to its ability to personalize education and improve instructional effectiveness. The 

systematic review focuses on identifying studies investigating how Machine Learning has been used in educational 

settings. Through a thorough analysis, its impact on various areas related to teaching and learning, including student 

performance, knowledge retention, and curricular adaptability, is examined. The findings of this review indicate 

that Machine Learning has proven to be an effective strategy for tailoring instruction to individual student needs. 

As a result, engagement and academic performance are significantly improved. Furthermore, the review 

underscores the importance of future research. This future research will enable a deeper understanding of how 

Machine Learning can optimize education and address current challenges and emerging opportunities in this 

evolving field. This systematic review provides valuable information for educators, curriculum designers, and 

educational policymakers. It also emphasizes the continuing need to explore the potential of Machine Learning to 

enhance teaching and learning in the digital age of the 21st century. 
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Introduction 

In the ever-evolving digital era, the field of 

education has witnessed a profound and 

significant change. The application of innovative 

technologies has transformed how teaching and 

learning are addressed1. In this context, Machine 

Learning has emerged as a highly relevant tool 

that can impact education profoundly. By 

enabling data analysis, pattern identification, and 

personalization of learning experiences, this 

technology presents a unique opportunity to tailor 

teaching to the individual needs of learners2. This 

article focuses on conducting a systematic 

literature review to examine the impact of 

Machine Learning as a teaching strategy in the 

educational setting. The central question driving 

this review is: How has Machine Learning 

influenced teaching and learning in the academic 

context? 
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The relevance of this review is undeniable in an 

ever-changing educational environment. The 

need to understand how technologies can enhance 

education and how educators and curriculum 

designers can maximize the potential of Machine 

Learning has become pressing. As education 

moves away from a uniform model to embrace 

customization and personalization, an 

opportunity arises to improve knowledge 

retention, student engagement, and academic 

achievement. 

The systematic review aims to comprehensively 

examine studies investigating the implementation 

and effects of Machine Learning in educational 

settings. It critically synthesizes the findings and 

sheds light on emerging trends, best practices, 

and areas requiring further exploration. In 

addition, it highlights the importance of 

considering both current challenges and future 

opportunities posed by the integration of Machine 

Learning in education. Finally, this systematic 

review is presented as a valuable contribution to 

educational technology and pedagogy. It 

establishes a solid foundation for informed 

decision-making by educators, curriculum 

designers, and educational policymakers. At the 

same time, it underscores the continuing need to 

explore and harness the potential of Machine 

Learning to enhance teaching and learning in the 

digital age of the 21st century. 

Method 

The methodology presented is based on the 

key elements of the research process in 

Software Engineering to provide a general 

approach to the research area, the type of 

research, and the favorable results to elaborate 

a classification scheme and a valid structure3.  

Research questions 

The purpose of this study is to present the results 

of applying a systematic review of scientific 

literature related to Emerging Technologies in 

professional training. For the elaboration of the 

theories that support this review, the following 

questions were posed: 

RQ1: How does Machine Learning influence 

teaching and learning in education? 

RQ2: What impact does Machine Learning 

have on students' academic performance?  

RQ3: What are the best practices for 

implementing Machine Learning in 

education? 

RQ4: What are effective strategies for integrating 

Machine Learning into teaching and learning in 

educational contexts? 

The organization of these questions is 

established by means of the PICO model with 

its variable PIPOH, where it points out that 

every well-conducted question is supported by 

two cues.4. Firstly, the question must be 

important to the identified problem, i.e., it must 

be focused on the issue of real interest, and then 

it must be articulated in such a way that it 

provides the search for a concrete and 

exhaustive answer. The concepts of which are 

described in Table 1. 

Table 1. Definition of general concepts with PIPOH. 
Criteria Description 

Problem of interest Machine Learning in education 

Intervention Teaching/learning processes, didactic strategies 

Results Publications of scientific articles and books where 

studies on Machine Learning are cited. 

Actors Students in training 

Context Vocational training, academic 

Search 

The proposed search technique consisted of 

exploring the general terms in specialized 

databases, where the search terms were 

combined with synonyms in order to cover a 
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larger number of documents to be evaluated. 

Table 2 shows the terms with their respective 

synonyms. 

Table2. The term and synonyms to compose the search string. 
Main Term Synonyms/related 

Learning   Teaching 

Education 

Machine Learning   Innovate technologies 
Converging technologies 

Undergraduate   University education 
professional education 
vocational training 

teaching strategy   learning strategies 
teaching tools 

The following databases were used for the 

search process: Scopus, Doaj, ScienceDirect, 

and IEEE Xploret, considering fields such as 

title, keywords, abstract, and complete 

document. Table 3 shows the resultant search 

string together with the main term. 

Table 3. Search string 
Main Term Search string 

Machine Learning in education ("learning" OR "teaching" OR "education" ) AND ("Machine 

Learning" OR "Innovate technologies" OR "Converging 

technologies" ) AND ("teaching strategy" OR "learning 

strategies" OR "teaching tools" ) AND ("teaching strategy" OR 

"learning strategies" OR "teaching tools" ) 

Selection 

The search was performed with the specific string 

contemplated for this review, considering the 

title, keywords, abstract, introduction, state-of-

the-art, results, and conclusions. Inclusion and 

exclusion criteria were also defined for the 

review. The inclusion criterion defined is a 

scientific paper related to studies of teaching and 

learning processes focused on using Machine 

Learning as didactic strategies or its search 

synonyms. Similarly, the exclusion criteria 

defined are studies that do not have their 

corresponding bibliographic citation, the 

documents do not contain the search terms or 

synonyms, and the records are not available for 

download.  

The selection of primary sources was made in 

four stages (because four specialized databases 

were considered), each with phases: phase 1: 

elimination of duplicate articles; phase 2: 

elimination of articles that could not be 

downloaded; and phase 3: application of 

inclusion and exclusion criteria. Because four 

databases were used in this systematic review 

with their synonyms and filters - in each of which 

three phases were applied, it was necessary to 

make the consultation on different dates, as 

shown in Table 4. 

Table 4. Dates of consultation and file downloading. 
Databases Date of search 

IEEE Xplorer 22/05/2023 

Scopus 24/06/2023 

Doaj 29/07/2023 

ScienceDirect 28/08/2023 
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As a result of the search in the databases, a 

total of 106 studies were found and when the 

inclusion and exclusion criteria were applied, a 

total of 47 documents were obtained. 

Quality assessment 

In the process of evaluating the quality of the 

selected documents, the following criteria were 

applied. Origin of the sources, relevance of the 

content, clarity of the research objective, 

adequate description of the context in which the 

research was developed, clarity and rigor of the 

methodological design of the research, and 

scientific rigor in the analysis of the data. These 

criteria were applied to ensure the quality and 

reliability of the documents selected in the 

review process. Thus, the evaluation of the 

aforementioned criteria involved reading the 

full text of the 50 documents with the processes 

of elimination of duplicate articles, elimination 

of articles that could not be downloaded, and the 

application of inclusion and exclusion criteria, 

the process of which is shown in Table 5. 

Table 5. Quality evaluation in search and selection processes 
Main 

term 

Result 

of the 

search 

Duplicate 

files 

Excluded 

Files 

Relevant 

Files 

Database 

Machine 

Learning in 

education 

25 0 3 12 IEEE Xplorer 

11 4 5 6 Doaj 

18 9 2 5 ScienceDirect 

52 2 30 24 Scopus 

Total 106 15 40 47 

Data extraction and synthesis of 
results 

After performing the search for terms in each 

database and carrying out the three relevant 

phases and taking into account that the main 

objective of this systematic study is to analyze 

the state of the art of Machine Learning in 

education, the findings found in the relevant 

documents are presented below, accompanied 

by the citations of the corresponding authors. 

Results 

In this section, we present the results from the 

systematic literature review process, organized 

to address the research questions posed. First, 

we explored how Machine Learning influences 

teaching and learning in the educational context. 

The findings highlight the ability of Machine 

Learning to personalize instruction, adapting it 

to students' individual needs. In addition, the 

impact of Machine Learning on students' 

academic performance was examined, revealing 

remarkable improvements related to the 

adaptation and personalization of teaching. Best 

practices for implementing Machine Learning 

in education were also investigated, 

highlighting crucial aspects of proper algorithm 

selection, effective data integration, and 

educator training. Finally, effective strategies 

for integrating Machine Learning in teaching 

and learning in educational contexts were 

analyzed, highlighting the importance of 

interdisciplinary collaboration, curricular 

adaptation, and attention to individual student 

needs as successful practices in this area. 

Machine Learning in teaching and 
learning in the educational context 

In the educational context, implementing 

Machine Learning (ML) has revolutionized the 

way teaching and learning are approached. On the 

one hand, it highlights the practice of learning 

personalization, in which algorithms allow the 

adaptation of educational content and activities to 

the individual needs of students5. This, in turn, 
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translates into a more efficient and engaging 

learning process. 

Another key aspect is the analysis of educational 

data. Through ML, educational institutions can 

identify patterns and trends in student 

performance, which directly influences informed 

decision-making on improving academic 

programs. It is important to mention that this 

practice contributes to the continuous refinement 

of educational strategies6. Likewise, ML plays a 

crucial role in the early detection of academic 

problems. Algorithms can identify students who 

might face challenges in their learning process, 

which enables early intervention and the 

provision of personalized support to overcome 

obstacles and achieve more satisfactory 

progress7. 

The findings of this study confirm the growing 

importance of Machine Learning in teaching and 

learning in the educational context. As education 

faces an increasingly diverse and demanding 

learning environment, this technology stands as a 

powerful resource to address the changing needs 

of learners8. In this regard, the ability of Machine 

Learning to personalize the educational 

experience was highlighted. The implementation 

of recommendation systems based on Machine 

Learning algorithms allows students to access 

educational resources and activities designed 

specifically for their individual preferences and 

needs9.  

This, in turn, creates a more relevant and 

personalized educational path. Moreover, this 

adaptability not only benefits students but also 

empowers educators, providing them with the 

tools necessary to adjust their teaching more 

precisely based on the characteristics of their 

students10. A relevant aspect that emerges from 

the research is the predictive role of Machine 

Learning. Algorithms can identify patterns of 

student behavior, allowing educators to anticipate 

who might need additional support11. This 

anticipation results in more effective 

interventions that can significantly improve 

academic performance. Likewise, Machine 

Learning allows for more efficient tracking of 

student progress, which favors real-time 

adaptation of pedagogical strategies and more 

effective teaching12. 

In another area, the ability of this technology to 

adapt content and assessments is evident. 

Educational materials can be adjusted according 

to the particularities of each student, including 

differences in learning styles, rates of progress, 

and skill levels13. This fosters more inclusive and 

efficient learning by allowing each student to 

progress at his or her own pace. In addition, 

Machine Learning contributes to the 

identification of learning patterns, providing 

educators with empirical data to adjust their 

teaching methods more accurately14. 

Finally, these findings emphasize the 

transformative role of Machine Learning in 

education. By personalizing and adapting 

teaching according to students' individual needs, 

this technology presents itself as a means to 

improve the quality of education and effectively 

prepare students for current and future 

challenges. These results underline the relevance 

of further exploring and promoting the adoption 

of this technology in the educational context. 

Impact of Machine Learning on 
student academic performance 

Machine Learning is currently exerting a 

profound and pervasive impact on everyday 

life16. From healthcare, where it improves the 

diagnosis and treatment of diseases, to e-

commerce, where it personalizes the user 

experience, Machine Learning has revolutionized 

multiple industries17. In the automotive industry, 

it enables autonomous vehicles; in the financial 

industry, it optimizes risk management and fraud 

detection. It also influences education, enabling 

the personalization of learning and 

manufacturing, where it optimizes production 

and logistics. 18. Furthermore, in scientific 

research, Machine Learning accelerates the 

analysis of large data sets, from virtual assistants 

to cyber security and environmental 

sustainability, its presence is undeniable, and it is 

expected to continue to play a crucial role in the 

transformation and advancement of society in the 

future19. 

Machine learning is significantly impacting the 
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field of education, transforming the way 

educational institutions are taught, learned, and 

managed. Here are some of how machine 

learning is influencing education: 

• Personalization of learning: First,

machine learning allows the creation of

personalized learning systems, in which

algorithms can adapt the content and

difficulty according to the needs and

progress of each learner. This makes

learning more effective and engaging, as

it adjusts to the pace and learning style of

each individual20.

• Recommendation of educational content:

In addition, online learning platforms,

such as Coursera or Khan Academy, use

machine learning algorithms to

recommend courses and educational

resources to students. These

recommendations are based on the user's

learning history and preferences.21

• Automated assessment: Machine

learning-based assessment systems can

automatically analyze students' answers

to questions and exams22. This

streamlines the assessment process and

provides instant feedback to students.

• Identifying early intervention needs:

Moreover, machine learning algorithms

can identify students who may be

struggling in a course. Teachers and

counselors can use this information to

provide additional support to at-risk

students23

• Educational data analysis: In addition,

machine learning is used to analyze large

educational datasets, which can lead to

the identification of trends and patterns

that help improve teaching methods and

curriculum design.24

• Automation of administrative tasks: In

the area of management, educational

institutions can use machine learning to

manage logistics, class scheduling, and

administrative tasks, which saves time

and resources25

• Adaptive learning: In this sense, adaptive

learning systems use machine learning to

constantly adjust content and exercises

based on the student's progress. This 

promotes more efficient learning and 

better retention of the material.26  

• Online education and MOOCs: 

Likewise, online education platforms and 

Massive Open Online Courses (MOOCs) 

make intensive use of machine learning 

to manage large numbers of learners and 

provide learning experiences on a global 

scale 27 

• Plagiarism and cheating detection: In

terms of academic integrity, machine

learning can help to identify plagiarism

and cheating on assignments and exams,

maintaining academic integrity28

• Teacher training: Finally, machine

learning algorithms can help in teacher

training by providing feedback on their

teaching style and how they can improve
29

In scientific research, Machine Learning is used 

in fields such as biology, chemistry, and physics, 

where it is used to analyze large datasets and 

discover hidden patterns that facilitate research 

and the discovery of new insights30. In business 

optimization, organizations employ Machine 

Learning to improve their internal processes, 

from supply chain management to human 

resource management 31. This implementation 

results in increased efficiency and cost reduction, 

which contributes to the competitiveness and 

growth of companies. In the field of 

entertainment and content, online streaming 

platforms are relying on Machine Learning-based 

recommendation algorithms23. These algorithms 

provide users with personalized content, such as 

movies, music, and TV shows, which enhances 

the entertainment experience and encourages 

audience retention. 

Best practices for implementing 
Machine Learning in education 

Incorporating Machine Learning practices in 

education promotes learning effectiveness and 

aligns with the growing need to adapt education 

to a constantly changing world32.  In this context, 

machine learning has become a powerful tool that 

empowers educators and students to keep up with 
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current trends. By providing a more personalized 

education, this technology enables students to 

take an active role in their own learning33 while 

becoming a valuable resource for teachers, 

allowing them to focus on individualized 

instruction and early identification of problems, 

ultimately significantly improving education 

quality. 

The implementation of good Machine Learning 

practices translates into several significant 

advantages in various industries. These practices 

allow for improved accuracy in decision-making 

through data analysis and the detection of hidden 

patterns, resulting in more accurate and efficient 

predictions34. In addition, personalization of 

products and services based on individual user 

preferences increases customer satisfaction. The 

automation of routine tasks leads to greater 

efficiency and resource savings, while the 

continuous learning capability of Machine 

Learning models ensures adaptation to new data 

and situations35. Together, these advantages drive 

productivity, informed decision-making, 

anomaly detection, energy efficiency, and 

improved healthcare, among other benefits, 

positioning Machine Learning as a fundamental 

tool for innovation and competitiveness today. 

The effective integration of Machine Learning 

(ML) in educational environments can 

significantly improve the teaching and learning 

process 36. Some of the best practices to consider 

include personalization of learning, where ML is 

used to tailor learning content and activities to 

students' individual needs and learning styles, 

which can increase engagement and academic 

performance. In addition, the implementation of 

ML-based automated assessment systems

provides immediate feedback to students,

identifying areas for improvement and adjusting

the focus of study37. Adaptive learning is another

effective practice that automatically adjusts the

level of difficulty and type of content based on

student progress, allowing for more efficient and

effective learning38. ML recommendation

algorithms can suggest relevant educational

resources, such as readings, videos, or exercises,

based on the learner's learning history and

preferences. In addition, ML systems can identify

at-risk students and allow for early intervention

and personalized support39. Constant monitoring 

and evaluation of the effectiveness of 

implemented ML practices is essential, as well as 

using data to measure the impact on learning 

outcomes, such as retention rates, grades, and 

student engagement. Adequate training of 

teachers is critical to enable them to take 

advantage of ML tools in the classroom 40. 

Addressing ethical and privacy issues, such as 

student data collection and algorithmic bias, is 

also important. Collaboration between education 

experts and data scientists fosters more effective 

and ethical solutions14. Considering costs, 

infrastructure, and expandability, designing ML 

solutions in education that are scalable and 

sustainable in the long term is essential.  

Effective strategies for the integration 
of Machine Learning in education 

The effective integration of Machine Learning 

(ML) in teaching and learning in educational

contexts requires adopting strategies that take full

advantage of this technology. The following are

effective strategies to achieve this. One of the key

strategies is personalization of learning, which

involves using ML to tailor learning content and

activities to the individual needs and learning

styles of students41. This adaptation is made

possible by constantly monitoring each student's

progress and continuously adapting the material,

ensuring that learning is more relevant and

effective.

Meaningful data collection is another crucial 

strategy; making sure to collect relevant data on 

students' performance, preferences, and 

participation is essential for ML to work 

effectively42. The more meaningful data 

collected, the better the ML can personalize the 

learning experience and provide accurate 

feedback. Automated assessment is a time-saving 

strategy for both teachers and students; 

implementing ML-based automated assessment 

systems provides immediate feedback to 

students43, allowing them to improve more 

effectively, in addition, adaptive learning is a 

strategy that seeks to automatically adjust the 

level of difficulty and type of content based on 
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student progress. This ensures that students are 

always challenged, but not overwhelmed, which 

promotes more effective learning. 

The use of ML recommendation algorithms to 

suggest relevant educational resources, such as 

readings, videos, or exercises, based on the 

learner's learning history and preferences, is a 

valuable strategy to enrich the learning 

experience 44. In addition, early detection of 

problems is critical to implement ML systems 

that identify students at risk of not reaching their 

academic goals and allow for early intervention 

and personalized support, which can make a big 

difference in students' academic success. Teacher 

training is essential for teachers to be able to use 

ML tools effectively in the classroom and to 

understand how to interpret the data generated by 

these technologies45. In addition, it is important to 

address ethical and privacy issues, such as student 

data collection and algorithmic bias, to ensure 

transparency and fairness in the use of ML in the 

educational setting. Ongoing evaluation and 

feedback are essential to adjust strategies based 

on results and obtain feedback from teachers and 

students. 46 

Discussion 

This systematic literature review focused on the 

exhaustive analysis of the integration of emerging 

technologies, such as Machine Learning, as 

didactic strategies in the learning process within 

the context of professional training. The 

meticulous application of inclusion and exclusion 

criteria aimed to identify significant patterns, 

trends, and findings in the existing literature on 

this topic. The results of the systematic literature 

review revealed a substantial impact of machine 

learning and other emerging technologies in 

vocational education. It was found that the 

integration of these technologies has been shown 

to significantly improve the learning experience 

for students. For example, machine learning 

enables the personalization of learning by 

tailoring content and activities to the needs of 

each student. In addition, virtual reality and 

simulation, enabled by Machine Learning, have 

allowed students to practice skills in virtual 

environments, leading to greater confidence and 

preparation for real situations in the workplace. 

Gamification, powered by Machine Learning 

algorithms, has also positively impacted student 

motivation and engagement, thus improving 

knowledge retention. 

These findings underscore the essential 

contribution of Machine Learning in professional 

education, providing a platform for the 

acquisition of knowledge and skills while 

allowing students to interact more actively and 

practically with the content. The importance lies 

in Machine Learning's ability to connect theory 

with practice, effectively preparing students to 

meet the challenges of the ever-evolving world of 

work. In addition, research has revealed a variety 

of teaching-learning methodologies and 

strategies that leverage Machine Learning and 

other emerging technologies. These include 

problem-based learning, online collaborative 

learning, the use of simulations driven by 

Machine Learning algorithms, and gamification 

supported by data analytics. These methodologies 

leverage the unique characteristics of Machine 

Learning to create interactive and dynamic 

learning environments, encouraging active 

student participation and the development of 

practical skills applicable in the real world. 

Finally, it is noted that approaches to the 

integration of Machine Learning and other 

emerging technologies in professional training as 

a didactic strategy vary according to educational 

contexts and learning goals. The most common 

approaches include creating interactive online 

content, developing specific educational 

applications using Machine Learning algorithms, 

and implementing realistic simulations supported 

by this technology. In addition, the importance of 

training educators in the effective use of Machine 

Learning and other emerging technologies to 

ensure successful implementation and a positive 

impact on student learning in the vocational 

education setting was evident. 

Conclusions 

Overall, the systematic literature review reveals 

that the integration of emerging technologies, 

including Machine Learning, in the field of 
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professional education has had a significant and 

positive impact on students' learning experience. 

Through the meticulous application of inclusion 

and exclusion criteria, patterns and trends have 

been identified that indicate a profound change in 

the way teaching and learning is approached in 

this context. Firstly, it is highlighted that Machine 

Learning, together with other emerging 

technologies, has enabled the personalization of 

learning, which implies adapting content and 

activities according to students' individual needs. 

This is achieved through continuous monitoring 

of student progress, which ensures greater 

relevance and effectiveness in the delivery of 

instruction. In addition, virtual reality and 

simulation, enabled by machine learning, have 

proven to be valuable tools for students to 

practice skills in virtual environments, which 

translates into greater confidence and preparation 

for real situations in their future career fields. In 

parallel, gamification, supported by Machine 

Learning algorithms, has increased student 

motivation and engagement, which has enhanced 

knowledge retention. 

In a broader context, these findings emphasize the 

relevance and impact of Machine Learning and 

emerging technologies in professional education. 

These technologies act as tools for acquiring 

knowledge and skills and facilitate students' 

active interaction with the content. The effective 

connection between theory and practice stands 

out as a distinctive feature, effectively preparing 

students to face the challenges of the constantly 

evolving world of work. The research also 

highlights many teaching-learning 

methodologies and strategies driven by Machine 

Learning and other emerging technologies. These 

include problem-based learning, online 

collaborative learning, simulations based on 

Machine Learning algorithms, and gamification 

supported by data analytics. These methodologies 

capitalize on the unique characteristics of 

emerging technologies to create interactive and 

dynamic learning environments. In addition, 

these strategies promote active student 

participation and the development of practical 

skills with real-world applicability. 

However, it is essential to recognize the need to 

train educators in effectively using these 

technologies, along with considering ethical and 

privacy issues related to student data collection. 

Interdisciplinary collaboration between 

educational experts and data scientists is a critical 

factor in developing effective and ethical 

solutions in professional education. Ultimately, 

this review underscores the importance of 

exploring and leveraging the potential of 

Machine Learning and emerging technologies to 

advance professional education. These tools offer 

significant opportunities to improve the quality of 

teaching and learning and to prepare students 

more effectively for their future career challenges 

in an ever-changing world. 
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