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ABSTRACT- Artificial intelligence is changing the way 
we learn. It is making education more personal and 
flexible. Artificial intelligence is helping to create learning 
settings that are tailored to each student. This is happening 
because of machine learning and other technologies. These 
technologies are helping to make learning more effective. 
This paper looks at 26 studies on artificial intelligence and 
learning. It looks at how artificial intelligence's being used 
to make learning more personal and adaptive. The paper 
divides these studies into four groups. It then compares 
them to see what works and what does not. The paper 
finds that artificial intelligence is helping students to learn 
more and get results. However, there are still some 
problems to solve. 
For example, artificial intelligence systems need to be 
designed and made more scalable. They also need to be 
able to explain how they work. Artificial intelligence is 
making a difference in education. It is helping to make 
learning more personal and effective. The paper suggests 
some areas for research. It wants to make intelligence in 
education even better. Artificial intelligence and adaptive 
learning are very important. They are changing the way we 
learn. 

KEYWORDS- Artificial Intelligence, Adaptive 
Learning, Personalized Education, Learning Analytics, 
Machine Learning. 

I.   INTRODUCTION 
AI is changing education. It helps create teaching   
systems that use data [1],[2]. AI technologies like machine 
learning, natural language processing and learning 
analytics make it possible to create learning environments 
that adapt to each student [3]. These systems look at 
student data, predict how they will do and adjust the 
content to help them learn better [4].As schools and 
universities change with technology AI platforms are 
being used more to support teaching methods [5]. 
However , teaching engineering is different. It involves 
ideas building on previous knowledge and solving 
problems with skills. Traditional teaching uses the 
curriculum for all students no matter what they already 
know how fast they learn or what their abilities are [6]. 
This approach can make students less engaged and create 

gaps in their knowledge leading to academic performance 
[7]. Large classes, students from backgrounds and fast 
changes in technology make it hard to teach engineering 
effectively [8]. 
That's why personalized learning is important. When 
teaching is tailored to each student they can learn at their 
pace go back to topics, they find tough and get feedback 
that is just for them [9]. AI systems that adapt to each 
student make personalization better by tracking how well 
they are doing how engaged they are and how they interact 
with the material [10]. By adjusting the content and 
predicting  
performance these systems help students understand better 
and learn on their own [11]. Personalized learning is 
crucial in engineering education because understanding the 
basics is key to doing in advanced courses and getting 
professional skills [12]. 
Even though there is research on AI-based adaptive 
learning systems many studies have limitations. A lot of 
them focus on how students do without looking at other 
data like behavior or long-term learning [13]. Also, many 
studies are done in settings, which makes it hard to use 
them in real-world situations [14]. There is still a lot to 
explore in frameworks, for engineering and a systematic 
review of current research is needed to see trends and find 
gaps [15]. 

II.   RELATED WORK 
Artificial Intelligence has really changed the way we 
develop learning systems in education. Many studies have 
looked at how we can use Artificial Intelligence to make 
learning personal and adaptive for students. For example, 
some studies use machine learning to predict how well 
students will do and adjust what they learn in time [1],[2]. 
One big review of how Artificial Intelligence's used in 
higher education found four main areas where Artificial 
Intelligence is used. Understanding students and predicting 
how they will do, intelligent tutoring, adaptive systems 
and assessment [23]. These systems mainly try to make 
learning by changing what students   learn based on how 
they do. 
Artificial Intelligence and learning analytics can be used 
together to make learning more engaging and improve test 
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results [3],[4]. In fields like engineering and science these 
systems help students learn ideas by suggesting specific 
things to learn and making it easier or harder based on 
how they do. A lot of the time these systems are only used 
in small groups and mostly look at test results to see how 
students are doing. 
Some learning systems try to make learning more personal 
by looking at what students know and how they like to 
learn [5],[6]. These systems use algorithms to suggest 
things for students to learn based on what they know and 
like. While these systems make learning and students 
happier, we do not use all the information we could to 
make them even better. 
Studies have shown that when we use Artificial 
Intelligence to make learning adaptive students do better 
and are more likely to stay in school [7],[8] . We need to 
do more research to see if this works in the long term and 
in different schools 

A review of how Artificial Intelligence's used in online 
learning found that more and more schools are using 
personalized learning systems but we still have a lot to 
learn about how to make them work well [25]. Also using 
Artificial Intelligence to generate learning materials in real 
time is not something we have explored much yet. 
To make learning really personal we need ways to 
understand what students know. A review of how we 
assess what students know found that we still have a lot to 
learn about how to do this well [26]. 
Even though we have made progress in using Artificial 
Intelligence to make learning personal we still need to 
develop systems that are specifically designed for fields 
like engineering and use methods for understanding 
student behavior. We need to do research to fill in the gaps 
in our knowledge about Artificial Intelligence and 
personalized learning systems in engineering education. 

 
     Figure 1: Growth of AI-based Adaptive Learning Research (2019–2025)

In the above Figure 1 we illustrate this upward trend. The 
volume of research addressing AI-based adaptive learning 

has expanded substantially between 2019 and 2025, 
reflecting growing institutional and scholarly interest. And  

 
Figure 2: Category Distribution of Reviewed Studies
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In the above Figure 2, we present the distribution of 
reviewed studies across four thematic categories. In the 
above Figure 2 shows that the largest proportion of 
research (30%) focuses on adaptive systems, highlighting 
a strong interest in systems that adjust to user needs and 
behaviors. Personalized frameworks and performance 
studies each account for 25%, indicating equal emphasis 
on customization and evaluation of system effectiveness. 
Systematic reviews make up the smallest share at 20%, 
suggesting that researchers dedicate comparatively fewer 
studies to summarizing existing research. Overall, this 
Figure 2 reflects a greater focus on developing and 
accessing practical solutions rather than purely reviewing 
prior work.  

III.   TECHNOLOGIES USED 
Artificial Intelligence and adaptive learning systems use 
different computational methods to make learning better. 

To understand what technologies researchers are using we 
looked at what Artificial Intelligence techniques they are 
using as shown in Figure 3. 
The common approach is to use supervised machine 
learning, which is used to predict how students will do 
understand what students know and suggest things for 
them to learn [1],[3]. These models are primarily used for 
predicting student performance, classifying learner 
proficiency levels, and recommending personalized 
learning resources [4],[7].  
Knowledge assessment models — including psychometric, 
machine learning, and deep learning approaches — serve 
as critical building blocks for enabling accurate learner 
profiling and real-time adaptation in intelligent learning 
environments [26]. 
We also use learning analytics to understand how students 
behave and adjust what they learn based on that [5],[6]. 

 
Figure 3: Distribution of AI Techniques in Selected Studies 

IV.   RESEARCH GAPS 

The Artificial Intelligence field is really interesting. It is 
being used more and more in adaptive learning systems. 
There are still some holes in the research that need to be 
filled especially when it comes to teaching engineering. 
The Artificial Intelligence field is getting bigger. It is 
being used a lot in learning systems that are personalized 
and adaptive. There are still some big problems that need 
to be solved. 
First studies that look at lots of research on Artificial 
Intelligence in education do not focus on engineering 
[1],[3].  They look at Artificial Intelligence in education in 
general. Do not look at how it is used in engineering. 
Some big studies found that Artificial Intelligence is used 
in four areas in higher education. Making profiles of 
students assessing students making systems that adapt to 
students and making smart tutoring systems[23]. 
More recent studies found that Artificial Intelligence is 
being used more and more in platforms but it is still not 
being used enough in engineering [25]. 

These techniques enable systems to monitor engagement 
patterns, track progress over time, and adjust instructional 
content dynamically based on individual learner behavior. 
Personalized learning frameworks use algorithms to group 
students based on how they behave and what they know 
and suggest things for them to learn based on that [24]. 
Some algorithms are really good at suggesting things for 
students to learn based on what they know and like. 
We are also starting to use reinforcement learning to make 
adaptive learning pathways better by rewarding systems 
for making decisions [4]. Using Artificial Intelligence to 
generate learning materials in real time is not something 
we have explored much yet but it has a lot of potential 
[10],[19]. 
Researchers have used different Artificial Intelligence 
techniques, such as machine learning, learning analytics, 
reinforcement learning and natural language processing to 
support adaptive learning systems. The distribution of 
these techniques, in the studies we looked at is shown in 
Figure 3. 
We need frameworks that are made for engineering not for 
higher education in general [4]. 
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Second systems that use Artificial Intelligence to adapt to 
students often look at how well students do on quizzes and 
tests [5],[6] This is information but it does not tell us 
everything about how students learn. We know that 
students have learning styles and preferences but we do 
not use this information enough [24] We need to look at 
how students learn in detail including how they behave 
and how they interact with the learning system [8]. The 
Artificial Intelligence field needs to look at this in detail. 
Third we need to make sure that Artificial Intelligence 
systems can be used by a lot of people. Many systems 
have only been tested with a group of students or in one 
class. [9],[15]. Many systems have only been tested with a 
group of students or in one class. Both foundational [23] 
and recent reviews [25] consistently highlight scalability 
as an unresolved challenge across AI-based educational 
systems. 
Fourth we need to be able to make learning materials on 
the fly. Most systems just recommend materials that 
already exist than making new materials using advanced 
technology [7],[10]. The Artificial Intelligence field needs 
to get better at this. 
Fifth we know that Artificial Intelligence systems can help 
students learn more and get grades [13],[14], most 
investigations are short-term and do not assess long-term 
knowledge retention or skills development. Robust 
knowledge assessment frameworks — integrating 
psychometric, machine learning, and deep learning models 
— are essential for confirming sustained learning 

outcomes in adaptive systems [26]. Engineering education 
demands sustained competency building, and longitudinal 
impact analyses are necessary to confirm effectiveness. 
Finally, many Artificial Intelligence systems do not 
explain how they make decisions [11],[12]. They do not 
consider ethical issues. We need to make sure that these 
systems are transparent and fair [23]. The Artificial 
Intelligence field needs to get better at this. 
In summary even though we know that Artificial 
Intelligence can help students learn there are still some 
problems that need to be solved. We need to make sure 
that Artificial Intelligence systems are designed for 
engineering that they look at how students learn in detail 
that they can be used by a lot of people that they can make 
new learning materials that they help students learn in the 
long term and that they are transparent and fair. The 
Artificial Intelligence field needs to work on these 
problems. 

V.   COMPARATIVE ANALYSIS OF 
EXISTING APPROACHES 

When you look at the studies that were chosen you can see 
some things that keep coming up in AI-based adaptive 
learning systems for engineering education. 
Most of the time these systems use machine learning 
models to figure out how well someone will do and to 
change the content to fit their needs [3] [7]. These systems 
make the instruction harder or easier.  

 
Figure 4: Conceptual Framework of AI-based Personalized Adaptive Learning System 

Suggest things for the student to learn based on how they 
do on tests .Some systems are more complex. Use 
reinforcement learning to make the learning path better 
[4]. 
The ways that these systems personalize the learning 
experience are really different from one another. Some 
systems just make the content a little harder or easier [3] 
while others use advanced techniques like changing the 
order of the learning path and giving feedback that 
changes based on the students’ needs [4] [8]. Some 
systems even use ways to figure out what kind of learner 
someone is and group them with other students who are 
similar [5] [6] . There are some big problems with these 

systems. One of the problems is that they do not work well 
when you try to use them with a lot of students because 
most of the studies were done with small groups or just 
one class [3] [4]. Also, the systems do not use information 
about how the students behave and think they mostly just 
look at things like test scores [5] [7]. 
Another thing that is missing from these systems is the 
ability to make content in real time using advanced natural 
language processing techniques. It is rare for systems to be 
tested over a long period of time and, in different 
institutions, which makes it hard to know if they will work 
in other places [7] [8]. 
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Overall while AI-based adaptive systems do seem to make 
students more engaged and help them do better in school 
there is still a need for systems that're comprehensive work 
well with a lot of students and are specifically designed for 
engineering education. 
In the above Figure 4 it shows what an AI-based 
personalized adaptive learning system might look like and 

in the below Table 1 we compare the eight studies that 
were chosen in detail . 
The people who made this study looked at what other 
people had done and made a plan for a special kind of 
learning system that uses artificial intelligence to help 
people learn in a way that is just right for them. You can 
see what this plan looks like in Figure 4. 

Table 1: Comparative Analysis of AI-Based Personalized Learning Systems 

Study Category AI Techniques 
Used 

Personalization 
Level Data Used Evaluation 

Method Key Findings Major 
Limitations 

Systematic 
Review [1] ML, NLP, LA General trends Literature Review 

synthesis 
Growth of AI in 

education 

Limited 
engineering 

focus 

Systematic 
Review [2] ML, ITS Broad adaptive Multi-source Thematic 

analysis 
Benefits in 
engagement 

No scalability 
eval 

Adaptive System 
[3] Supervised ML Content difficulty Quiz data Experimental Improved 

performance 
Small sample 

size 

Adaptive System 
[4] 

Reinforcement 
Learning Learning path Interaction 

logs Case study Enhanced 
engagement 

Limited 
validation 

Personalized 
Framework[5] LA + ML Content 

adaptation 
Behavioral 

data Comparative Better mastery Limited 
behavioral 

Personalized 
Framework[6] Clustering Learner profiling Clickstream Quantitative Increased 

satisfaction 
No competency 

map 

Performance 
Study[7] Predictive ML Performance-

based 
Academic 

records 
Pre-test/post-

test Improved scores Short-term only 

Performance 
Study[8] ML + Analytics Dynamic 

feedback 
LMS 

interaction Statistical Higher 
engagement 

No cross-
institutional 

       

VI.   FUTURE DIRECTIONS 
We should make sure that the next things we do are about 
making learning systems that're just right for people who 
are learning about engineering. These systems should be 
made to fit with what people need to learn in school and 
what they need to know to get a job in the field [16],[17]. 
Other people have said that we need to make sure that our 
learning systems are based on teaching ideas and that we 
use artificial intelligence in a way that is good for learning 
[23]. We need to make systems that're just right for people 
who are learning about engineering and that use the things 
that people know about the field to help them learn. 
We should also make sure that our systems can be used by 
a lot of people at the time and that we can use them on the 
internet [18]. Now we are just testing these systems with a 
few people or in one class and we need to see if they work 
well with a lot of people in different places [23],[25]. So 
we should make systems that can be used by a lot of 
people without making them less good at helping each 
person learn. 
Artificial intelligence can also help us make things for 
people to learn with like practice problems and tests that 
are just right for each person [19]. This is different from 
what we have which is just giving people things that 
already exist. We should use language models and other 
artificial intelligence tools to make new things that can 
help people learn. 
We should also make sure that we know a lot about the 
people who are using our systems like what they do what 
they know and how they learn [20]. Other people have 

said that we should make systems that can tell us more 
about the people who are using them like how they feel 
about learning how time they spend on it and what they 
know [24]. If we know all these things we can make our 
systems even better at helping each person learn. 
We also need to make sure that we can tell how well 
people are learning and that we can use that information to 
help them [26]. We should use models and artificial 
intelligence tools to make systems that can see how well 
people are learning and that can help them learn even 
better. 
Some studies have shown that using intelligence to help 
people learn can really make a difference [21]. Other 
studies have said that using intelligence in schools can be 
really helpful but we need to make sure that we do it in a 
way that is good for everyone [22]. We should keep 
studying this and see how it works over time so we can be 
sure that it is really helping people learn. 
We should also make sure that our systems are fair, clear 
and good, for everyone [23]. As we use intelligence more 
and more in education, we need to make sure that we are 
using it in a way that is responsible and that we are taking 
care of people’s private information. We should make sure 
that our systems are explainable and that we can trust them 
[25]. 

VII.   CONCLUSION 
This review looks at the research on AI-based personalized 
and adaptive learning systems in engineering education. 
Other reviews have already shown that AI applications in 
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education can be divided into four main areas. Profiling, 
prediction, intelligent tutoring and adaptive systems. But 
they also point out that these systems often lack strong 
educational foundations and do not think critically enough. 
Newer research confirms that AI-powered adaptive 
learning platforms are still showing improvements in how 
students engage with their work and how well they learn, 
no matter where they are studying. 
What we found in this review is that AI technologies 
really do make a difference in how engaged students are, 
how well they do academically and how efficient 
instruction is. Personalized learning frameworks that use 
learner profiling and adaptive content recommendation 
strategies are particularly. They show that things like 
learning style and prior knowledge can be used to create 
customized learning paths. Also new ways of assessing 
knowledge. Including psychometric, machine learning and 
deep learning models. Are essential for building systems 
that are more accurate and responsive. 
There are still some big challenges to overcome, like 
making these systems work on a large scale combining 
complex analytics testing them over the long term and 
being able to explain how they work. Engineering 
education in particular needs to make sure students are 
building their skills over time. That these systems are 
really making a difference in the long run, which is 
something that current systems do not often provide. To 
solve these problems, we need to create models of 
learner’s robust frameworks for assessing knowledge ways 
to deploy these systems on a scale using cloud-based 
technology the ability to generate AI content and 
responsible AI governance. 
In the end to really move forward with AI-powered 
learning in engineering education we need to shift away 
from general personalization models and, towards 
frameworks that are specifically designed for engineering 
education taking into account what the curriculum needs 
what the industry requires and how to use AI in a 
responsible way. If we can solve these challenges, we can 
create systems that are intelligent sustainable and focused 
on the learner and that can meet the changing needs of 
modern industry. 
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