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Abstract 

Artificial Intelligence (AI), Data Analytics, and Machine 

Learning technologies are poised to transform the field of 

education as we know it. They have already upended industries 

from retail to manufacturing and now that the coronavirus 

pandemic has accelerated the shift to online classrooms, with 

remote teacher-student interaction and remote curriculum test, 

AI-powered tools are more critical for teachers and students 

than ever before. AI-powered intelligent tutoring systems, AI 

chatbots can interact with students to increase engagement of 

students in studies, and Machine Learning algorithms can 

analyze student data. Together these provide great 

opportunities for improving student learning, will help teachers 

also and will also help in many other aspects of education. 
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This chapter will highlight some of the most interesting real-

world applications of AI and Machine Learning and explain 

the methodology of their implementation, then describe how 

they can improve student learning and the effectiveness of 

education systems. This chapter will also discuss the critical 

challenges that educators and researchers face when applying 

these technologies in the field of education. Finally, the 

chapter is concluded with a discussion of the roles AI and 

Machine Learning can play in post-pandemic education world 

and of promising technologies that could be significant driving 

forces for even more AI and Machine Learning applications in 

education in the future. 

Keywords: artificial intelligence, machine learning, data 

analytics, intelligent tutoring systems, chatbots, learning 

management systems, algorithms, student modeling, 

personalized learning, online education, remote learning, 

technology in education, AI ethics in education 
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1. Introduction to Artificial Intelligence and Machine 

Learning 

Before the discussion of the applications of AI and Machine 

Learning in education in details, it is imperative to clearly 

define and explain what AI and Machine Learning are, 

highlight the basic concepts and point to the main differences 

especially since the two terms have been used interchangeably 

even though they are different concepts.  

Artificial Intelligence can be roughly stated as machines trying 

to understand the behavior patterns of humans and trying to 

mimic the behaviors such that it can replicate these actions.  

Artificial Intelligence has come into existence in 1956 with a 

group of people under John McCarthy and Alan Turing.  The 

concept of AI is to learn from the experience based on a set of 

internal rules and conditions, which provide responses that are 

processed using huge amount of data. The purpose of AI is to 

solve the problems. Artificial intelligence enables computers to 

think at various stages and is a broad spectrum where it covers 

Machine Learning and Deep learning.  It senses the data, reads, 

and finds reasons to act as per the situations and adapts to the 

situation.  

Machine Learning came into existence in 1980’s where it 

borrowed the concepts and methods of models that belong to 

statistics and probability.  Machine learning algorithms learns 

from the data and builds models. Model is a system that finds 

and predicts based on the input parameters given that are used 

to make decisions and learn from the system. It observes the 

data and identifies the differences and facilitates its learning. 

The algorithm trains the model by searching for patterns in the 

data and then comes up with the result.  

Artificial Intelligence (AI), Machine Learning (ML) being 

used interchangeably in today’s computer programming world. 

These terms overlap and can be easily confused if one doesnt 

dive deeper into it. Machine learning is the subset of AI, which 
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means all machine learning is counted as AI, but not every AI 

is machine learning. For example, symbolic logic, expert 

systems, and knowledge graphs are AI but they are not 

machine learning. The machine learning algorithms include 

decision tree, clustering, inductive logic programming, 

reinforcement learning, etc. The aspect that separates these 

from being machine learning is they are not dynamic and will 

not modify itself when exposed to more data. If AI is 

mimicking human behavior, then Machine Learning is 

mimicking human learning.  

Machine learning is a form of Artificial Intelligence in which 

algorithms process and interpret data to recognize patterns by 

comparing the data with preset rules or inputs. The technology 

depends on earlier data that it uses to identify any new data to 

classify it or to execute a predetermined output. Thus, it 

depends on stored instructions in the form of structured or 

labeled data. In other words, machine learning requires a 

programmer to define objects or data for it to recognize them 

and execute the required action. The initial data and commands 

provide the technology with the ability to compare any new 

data with it. The initial input of data for future comparison is 

called training. Machine learning thus requires training for it to 

recognize similar data in the future to determine what 

preprogrammed command to execute. The system becomes 

better with further exposure to data for training and hence 

improves in its capacity to recognize similar data in the future. 

The need to define or label data in advance makes machine 

learning a supervised form of artificial intelligence [25]. There 

are three main types of machine learning: supervised, 

unsupervised, and semi-supervised machine learning. A 

supervised algorithm learns from labeled data and learns how 

to classify or perform regression on similar data. For this 

particular algorithm, a specifically labeled training data set is 

allotted which is manually allotted. As the algorithm learns 

from the data, its classification of similar data sets starts to 

gain more accuracy. On the other hand, an unsupervised 
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machine learning algorithm looks at any given unlabeled data 

set to find patterns such as clusters. The semi-supervised 

algorithm is a hybrid of both a supervised and unsupervised 

algorithm. 

 

2. The Benefits of AI and Machine Learning in Education  

Machine Learning, AI, and Data Analytics have been used to 

maximize students’ learning and success. They have been 

widely applied to track student performances and extract key 

insights into how these could be improved. These technologies 

help institutions gain a holistic perspective about their 

students. Machine Learning and Data Analytics can help 

teachers identify the learning behaviors of their students, 

which can lead to improved understanding and better grades 

for these students. They also allow institutions to 

accommodate their students’ interests and make informed 

choices that allow them to excel in campus activities.  

Before diving into the specific real-world applications of AI 

and Machine Learning in education and the methodology of 

their implementation, it is worth taking a moment to 

summarize what makes these new technologies attractive to 

educators and students. In a nutshell, AI and Machine Learning 

could provide substantial benefits to both students and 

educators in the following areas: 

Personalized Learning  

AI and Machine Learning, along with data analytics, have the 

potential to create personalized learning experiences to deal 

with different challenges. In the past, teachers have noted that 

“not every student needs the same homework exercise,” but it 

would be absurd to ask a human instructor to tailor each 

assignment to the various needs of their different students [2]. 

Some students might find a particular subject easy while the 

others might have some doubts or difficulty in that subject. 

This is why the assignment or homework needs to be 
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personalized for each student but it is difficult to do so each 

time. However, this level of personalization could easily 

become possible with AI. This approach if brought to 

implementation will allow each student to enjoy a curriculum 

and content uniquely tailored to their needs and could improve 

the motivation and engagement of students in studies. 

Additionally, such an approach could help teachers to 

understand the learning styles of each student and help them 

accordingly.  

Smarter Grading  

AI and Machine Learning can help in grading work. They have 

the potential and capability to help in grading work.   

Career Suggestions for High School Students 

Another promising application for AI & Machine Learning in 

the education sector could be providing career suggestions for 

high school students [7]. Intelligent AI-based recommendation 

systems could collect information of different parameters 

related to the students’ like their academic records, the 

standardized scores on tests, career dreams, etc. and offer 

recommendations based on this data.  

Student Engagement in Studies 

AI tools that monitor student engagement in studies could be 

extremely useful. Machine Learning, AI, and data analytics 

could play an important role in keeping students engaged in 

studies. At the simplest level, they could be leveraged to detect 

when a student in a remote session is not attentive and nudge 

them to remind them to pay attention to what is being taught. 

At the most complex, researchers are testing AI-based 

frameworks that can successfully detect boredom and 

engagement in studies using keystrokes, which would allow 

online teachers to redirect the student’s attention accordingly 

just like an in-person instructor might do [8].  
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These are just a few of the potential possibilities and uses of 

AI technologies in the field of education. By offering more 

personalized, flexible, inclusive, and engaging learning 

experiences, these technologies have the potential to make 

virtual classrooms more meaningful and productive. And the 

future they represent is not far off; in fact, many such 

applications for AI are already being tested or put to 

implementation at initial small scale. 

 

3. Real World Applications of AI and ML in Education 

Educational Data Mining 

One key area of application for AI and ML is Educational Data 

Mining (EDM). EDM is the practice of collecting student data 

and apply data mining to personalize education and generate 

new insights about learning. The data mining methods include 

classification, clustering, association analysis, and outlier 

analysis. The classification is a process of finding a set of 

models for the sake of predictions. Clustering analyzes data 

objects and creates meaningful groups called clusters. For 

example, clustering can be used to identify groups students 

based on their learning styles or class performances or any 

other metric so that individualized or small group targeted 

learning can be applied. The main goal of data mining is to 

reveal previously unknown, implicit, non-trivial patterns and 

potentially useful knowledge from data. 

EDM methods have been used in the past to determine the 

effectiveness of various pedagogical approaches by measuring 

student learning in real-time. Researchers have also been able 

to use EDM to determine whether a particular student is off-

task, bored, or frustrated [9,10]. Such methods have obvious 

advantages for online learning, as teachers can’t monitor the 

attention and engagement of their students as easily in such 

environments. But with the help of AI systems that collect and 

analyze large amounts of student data, teachers could be made 
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aware of when their students’ attention was beginning to wane. 

This kind of real-time data could be a helpful substitute for 

some of the essential non-verbal cues that teachers have lost 

access to in the shift away from face-to-face instruction. 

Student models created through EDM could also lead to more 

personalized e-learning. Even a university with over 100,000 

students could use these student models—updated 

continuously via AI technologies—to create customized 

programs for each individual learner. Every student learns in 

different ways, and the topics they excel at are also different. 

Instead of having a universal curriculum for all students to 

follow, customizing the content of every student’s classes 

could optimize teaching to help students only where required. 

This will benefit the students by making sure they learn as per 

the requirement and without wasting time on already 

understood subjects. Of course, this is only one dimension that 

courses can be customized with, and a wide assortment of 

adjustments can be made by AI algorithms to personalize the 

contents of a class for each student.  

Intelligent Tutoring Systems (ITS) 

Intelligent Tutoring Systems (ITS) use AI to simulate one-on-

one human tutoring by providing both extensive knowledge of 

their subjects and the ability to respond to instantaneous 

changes in students’ behavior and motivation. Intelligent 

Tutoring Systems could be helpful for teachers and students. 

Learners at times do not try to completely absorb the 

knowledge being given by human tutors or miss out certain 

curriculum concepts so in such cases the Intelligent Tutoring 

Systems could help. Primarily, ITSs are viewed as AI 

technology that work best to supplement and help teachers and 

not replace them [1].  

Thanks to AI and Machine Learning, it is possible to identify 

the unique needs of each student and take or propose relevant 

action in real-time to address these needs without disrupting 
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the education process. If mode of learning becomes more 

digital, they could become essential parts of the online 

classrooms of the future. 

AI Chatbots 

AI chatbot can be adopted in the field of education. Chatbots 

are typically used to interact with students and answer 

common questions.  Students can get answers to their common 

questions from chatbots at any time.  

One additional benefit of having chatbots available 24/7 for all 

kinds of questions is the vast amount of data that would be 

collected about the concerns and interests of students. This 

data could be used as input for further data analytics and 

Machine Learning to extract insightful and actionable 

knowledge that could help to develop solutions to students’ 

problems and innovative new services to address the interests 

of students at large.  

The University of Murcia in Spain is among the universities to 

use AI chatbots to interact with students and answer their 

questions. In just its first year of piloting, the chatbots were 

able to answer close to 40,000 questions, with an impressive 

91% accuracy [19]. In addition to this success, officials also 

reported that the chatbot increased student motivation and 

interest.  

Staffordshire University in the UK also rolled out chatbots to 

answer students’ questions 24/7. They found one side benefit 

of such AI-based chatbots is that they allow professors more 

time to focus on instruction, high-quality teaching material 

development, and research [19].  

Personalized Learning Systems 

AI is also transforming students’ learning through its 

implementation in Personalized Learning Systems (PLS). A 

PLS aims to deliver personalized learning unique to student 

needs that are identified by analyzing data generated during 
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student interaction with learning resources. Such an AI-

enabled PLS can not only process vast amounts of data but it 

can also scale up easily. A PLS could potentially scale to 

applications with tens of millions of students, identifying 

issues from data and generating customized recommendations 

for each student that is specific to their needs. 

 

4. Using AI & Machine Learning for Efficient School 

Operations and Automation 

Managing and proper allocation of resources is the crucial 

factor in the education system, where data is the key to 

efficiency. For example, effective use of data mining on school 

data can provide insight into the enrollment numbers of 

different class sections.  

Automation is one the simplest application of AI and often 

provides the most immediate benefit. By automating tasks such 

as grading, digital asset categorization or timetable scheduling, 

educator’s time will be saved and they utilize this time in other 

work like interacting with students for clearing their doubts in 

concepts of curriculum, etc. Entrusting a set of routine tasks to 

AI can help teachers make room for something more important 

[29]. Another example of using AI and ML for efficient school 

operations is to automate data collection and apply data 

analysis to identify emerging trends especially in higher 

education. By identifying trends, schools can develop relevant 

new classes that will be useful for students, like by tracking 

popular industry certifications courses, education classes and 

programs for such certifications can be started and teaching 

strategies can be customized as per the requirement. 

Challenges 

AI and Machine Learning applications in education are 

expanding rapidly but this rapid expansion of the technology 

does not come without challenges and concerns.  
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Data Privacy, Security, and Ethics  

In order to benefit fully from AI, Machine Learning, and Data 

Analytics, data must be readily available, and many 

proponents of AI technology simply assume that it will be. In 

order to make decisions about learning and give feedback 

customized and tailored to the individual needs of each 

student, the students’ curriculum data would need to be made 

available to programmers, data analysts, and data scientists but 

this raises important questions about privacy and data 

ownership. Hence, utmost care would be required to be taken 

to ensure data privacy and security is maintained and data 

ownership issues do not arises and the data ownership remains 

with the respective students whom the data belongs to. It is 

important that AI companies use data transparently and 

ethically. Student curriculum data privacy and protection 

measures need to be considered and implemented in any data 

warehousing and data lake solutions that enable data analytics. 

Need for Initial Time and Effort Investment 

One major goal of Machine Learning is to automate simple 

tasks that would require a large time investment from 

educators. These technologies promise to allow instructors 

more time to focus on valuable person-to-person teaching or 

doubt clearing of curriculum concepts but there is some 

concern that these using these technologies based systems 

would require some sort of training and methods to be learnt in 

order to handle things efficiently in cases of some technical 

errors or issues. Asking teachers to acquire the training of 

efficiently handling and utilizing different technologies based 

systems like big data and analytics based systems, AI-ML 

based systems, etc. may initially during the training period cut 

into the very time that the AI-technologies were intended to 

save. All of this could mean the need for higher initial costs, 

and high initial investments by educators to learn and adapt to 

these new applications. This has been one major point of 

concern.  
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Loss of Soft Skills 

Many of the above uses of AI are attempts to replicate the 

benefits of in-class learning in an online environment. In times 

like the present, when in-class learning is no longer an option 

due to precautions regarding pandemic, this becomes an 

essential function for AI. But this doesn’t mean that AI can or 

should fully replace in-person learning. Much of what is 

learned in a classroom is not the course content itself but the 

attendant “soft skills” that students gain from the social 

experience of the classroom. These soft skills are an essential 

part of learning, and no matter how sophisticated our gadgets 

become, all of us still have a fundamental need to be part of 

meaningful classroom communities. The classroom 

community is what makes learning fun, and it creates a peer-

to-peer accountability mechanism that encourages skills such 

as time-management and group cooperation. The future of AI-

based educational technologies will need to be aware of this 

need and strike a balance between the value of personalized 

teaching and the need for cohesion and classroom community.  

Lack of Human Interaction & Role Models 

There is plenty of evidence to suggest that students learn well 

with genuine teacher interactions. For that reason, the idea of 

introducing automation into education has raised some 

concerns. And indeed, the rapid shift to online instruction has 

made the importance of real student-teacher interaction even 

more clear. But AI doesn’t have to be a threat to student-

teacher interactions or try to mimic and replace them. Yes, AI 

can be great for creating personalized learning customized for 

each student and providing immediate feedback, but it will be 

important to find the right balance of AI use in the classroom. 

Teachers will always play a crucial role in our society, as one 

must never underestimate the value of human interaction and 

critical thinking in the field of education [24]. As the 

applications of these technologies in the field of education 

increases and even becomes the norm, the optimum results will 
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still be the product of a balanced combination of human 

strengths and AI capabilities. Although it is clear that AI and 

Machine Learning algorithms can help to guide decisions 

significantly, there will always be a need for human 

interaction, especially for younger students. Educators, school 

administrators, and policymakers should never lose sight of the 

importance of the human element that is critical for human 

development, soft skills, and much more and not allow 

educational activities to be performed solely by robots and 

algorithms. 

 

5. Education in a Post-Pandemic World 

In 2020, the COVID-19 pandemic transformed the way the K-

12 and higher education is carried out. Schools and colleges 

were shut down for months, and the ones that opened after 

many months at different places where the pandemic condition 

improved, saw a reduced number of students, with many 

parents opting to continue their children’s education in online 

mode only instead of sending them to school. Most teachers 

are still working remotely, and parents—who are often 

working remotely themselves—are being asked to help their 

kids with schoolwork more than ever. Some online education 

or hybrid online and face-to-face programs already existed, but 

they had not been implemented at a very large scale unlike in 

pandemic times where entire curriculum is being taught online 

using Learning Managing Systems (LMS) and video 

conferencing options but even existing LMS platforms could 

continue to improve through the use of artificial intelligence 

that merges content with evaluation and allows educators to 

efficiently monitor and track the students’ progress. There 

have been significant developments and breakthroughs in the 

world of AI and Machine Learning over the last couple of 

decades, and these technologies give educators the ability to 

extract key insights about individual students, identify 

bottlenecks, diagnose issues that prevent student learning, and 
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develop customized learning materials using the vast amount 

of data being collected through their LMS. Now that the 

pandemic has made such learning platforms a necessity rather 

than a luxury, the possibilities for data analysis and 

algorithmic innovation is unlimited.  A well-configured LMS 

enriched with AI and Machine Learning capabilities will 

enhance personalize learning, provide immediate feedback, 

and customize the online learning experience especially in the 

world of post-pandemic education.  

6. The future of AI & Machine Learning in Education 

As discussed so far, AI & Machine Learning has very 

impressive and promising applications in education but as AI 

technology is continuing to advance, its future applications 

could surpass even the most optimistic possibilities stated in 

this chapter. However, there are different challenges with 

applications of AI and ML in education sector as well which 

were also discussed in the chapter. The challenges need to be 

dealt with and optimum solutions should be brought out. In the 

next section, a few promising applications of AI & ML and 

other technologies that have direct implications to using AI& 

ML in education are highlighted.  

Internet of Things (IoT) in Education 

The Internet of Things have great potential to be used in 

education.  When IoT coupled with Machine Learning and AI, 

IoT can be very helpful in education.  

Virtual Reality (VR), Augmented Reality (AR) 

Technologies in Education 

VR and AR devices have been widely used in mostly gaming 

and entertainment sectors but these technologies have potential 

and scope to be used in education sector as well. If these 

technologies are used along with AI and Machine Learning in 

education sector, it could turn out to be very useful for the 

education sector.   
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7. Conclusion 

Artificial Intelligence (AI) and Machine Learning technologies 

are poised to transform the traditional education. With the 

technological advancements, COVID-19 pandemic, the need 

and preference of online/remote education, ever changing tide 

of how to carry on during pandemic, AI-powered tools have 

become critical for teachers and students than ever before. AI-

powered systems provide students the best opportunities to 

showcase their abilities by maximizing the limits of their 

strengths and weaknesses and motivating them to continue 

their pursuit of knowledge and education. On the other side of 

the spectrum, teachers are benefitting by being provided with a 

highly intelligent tool that analyzes and helps them learn about 

their students curriculum related strengths and weakness and 

the most effective methods for teaching them specifically to 

combat with the obstacles of online teaching in the classrooms 

of today. It is difficult for the teachers to specifically 

personalize learning for each student as per the requirement 

and understand all the habits and learning pattern of all the 

students in the classroom. An AI system powered with latest 

machine Learning algorithms can help in personalizing 

learning and analyzing the learning patterns of the students and 

give suggestions accordingly. AI can analyze and compile the 

multiple aspects of a student’s strengths, weaknesses and 

learning habits, and can personalize and present the curriculum 

concepts to students.  

Automating grading though AI, can be really helpful for the 

teachers and can save their time. AI-based recommendation 

systems can also be utilized to help provide customized career 

suggestions for students based on test scores, academic 

records, and overall career aspirations.  

In this chapter major AI & Machine Leaning applications in 

education were presented.  
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AI stands poised to be a transformational force in education. 

Like any other technology, the design, implementation should 

carefully be planned, and the human teaching students pattern 

should be continued and AI and ML should be included only to 

help the students and teachers. With non-stopping nature of 

advancement in AI and Machine Learning, the possibilities are 

endless, and it will take time to implement these technologies 

into education ecosystem delicately, efficiently and 

successfully. All the factors need to be carefully assessed 

before implementing these technologies so that solutions for 

issues that are present or can arise in the education world can 

be found using AI tools to help create a better education 

system for all. 
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