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Artificial Intelligence in Education (AIEd) has a long history. A pioneer was 
Jaime Carbonell, whose SCHOLAR program, in 1970, taught the geography of 
South America (Carbonell, 1970). The program conducted a mixed-initiative 
dialogue in English, where the student could take the lead and ask questions for 
the computer to answer, or the computer could act as a teacher and quiz the 
student.

Since then, “intelligent tutoring systems” have been introduced into 
classrooms to tutor subjects such as Algebra and Computer Programming. They 
can perform as well as a class teacher, and are almost as effective as a personal 
tutor. Companies such as Squirrel AI, ALEKS, and Carnegie Learning offer 
personalised tutoring in math, science and languages. AI systems support 
teachers in tracking student performance, and assist administrators in managing 
timetables and room bookings. 

With over 50 years of development and deployment, why has AIEd not 
become more widely established? Why are AI tutors not in every classroom? 
Why have most schools, colleges and universities not yet adopted AI to assist 
teachers and support administrators? The answers are not just a matter of time 
and resources. For all its successes, integrating artificial intelligence into an 
education system is difficult and potentially disruptive. Policy for AIEd needs to 
be developed with care, to exploit recent developments in machine learning, 
predictive analytics, speech recognition, language generation and autonomous 
agents, while respecting human rights and enabling good pedagogy.

This report begins with a framework for understanding and implementing 
AIEd, provides a review of recent literature on deployment and effectiveness of 
AI for education, and concludes with policy recommendations for developing and 
deploying AI in education systems.
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Artificial Intelligence is a diverse field of research and development. Its 
methods include simulating the human brain, modelling human problem solving, 
developing large databases of knowledge, carrying out efficient search, 
providing robots with human-like abilities, and designing computer systems that 
learn from examples or experience. In the 21st century, AI development has been 
dominated by machine learning—computer systems that improve automatically 
by processing and learning from large amounts of data.

Applied to education, AI can be split into two distinct areas: model-based AI, 
and machine learning (see Figure 1). It is important not to confuse these, since 
they use different computing techniques and have differing educational 
applications, opportunities and issues. 

Model-based AI

Model-based AI attempts to model the mind of a teacher and/or learner in a 
computer. The aim is to simulate in computer code how a knowledgeable teacher 
adjusts teaching to match the student’s knowledge and how each student learns 
and makes mistakes, to provide personalized instruction. A good model-based 
tutoring system has explicit models of the curriculum, teacher and student. It can 

Model-based AI

Models the teacher and learner Learns from data

Analytics and assistance

Flexible and general

Implicit bias

No common-sense

Can’t see into its ‘mind’

Hybrid AI systems combine model-based and machine learning

Knowledge-based tutoring

Inspect the ‘mind’ of the student

Common-sense reasoning

Inflexible and limited

Machine learning

Figure 1. Types of AI in Education.



choose from a variety of teaching methods such as giving examples, setting 
problems, and providing hints. Figure 2 shows a model-based tutor for 
interpreting graphs. The student is shown a graph generated by the computer 
and asked a series of questions about it. At each step, the tutor assesses the 
response, offering hints if the student gives a wrong answer.

The human teacher (and in some cases the students themselves) can inspect 
the program’s simulation of the mind of a human student being tutored, to 
understand how each student is performing and why the student is making 
mistakes. Figure 3 shows a view of one student’s current knowledge in the 
CRISTAL AI tutoring system for trainee radiologists (Lee, Weerasinghe, et al., 
2016). The trainer, or the student, can see current progress and check which 
skills need to be practiced.

Figure 2. The Mathia model-based tutor for mathematics from Carnegie Learning.

Figure 2. The Mathia model-based tutor for mathematics from Carnegie Learning.

United Nations
Educational, Scientific and

Cultural Organization
المركز اإلقليمي للتخطيط التربوي

3

U
tilizin

g A
I in

 D
evelo

p
in

g E
d

u
catio

n
 System

s



United Nations
Educational, Scientific and

Cultural Organization
المركز اإلقليمي للتخطيط التربوي

4

Model-based AI systems can provide personalized tutoring matched to the 
skills and pace of each student. However, they are limited to topics that can be 
coded as data structures representing knowledge and skills. It can take many 
years to design a model-based tutoring system, by analyzing a topic in 
depth—including the knowledge, skills and typical errors made by 
students—then coding it as an automated teacher. Thus, model-based AI tutors 
are limited to topics, such as mathematics or language learning, that do not rely 
on current affairs or rapidly-changing knowledge.

Other model-based AI systems offer ‘chatbots’ that can hold a dialogue with a 
student. Figure 4 shows a student’s conversation with Juji, a chatbot that gives 
advice to a student on how to register for a university course. Each response is 
generated by the computer, based on a set of rules and data structures coded by 
the program’s designers to model the process of applying to the course.

Machine learning

Machine learning systems automatically analyze large amounts of data to 
provide analytics and assistance to teachers, students, and administrators. Some 
systems can learn from the data and make recommendations to the student 
about which topic to study next, or to the teacher about which students are likely 
to succeed or fail. Figure 5 shows a screen from OU Analyse, a program that 
monitors how students at The Open University are performing on the 
University’s learning platform (Herodotou, Hlosta, et al., 2019). It builds four 
predictive models (similar to weather-forecasting models) to predict each 
student’s performance based on their activities early in the course. For the tutor, 
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Figure 4. An example dialogue with Juji, a system to develop educational chatbots. 
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 the program predicts whether the student is likely to submit, pass or fail the next 
assignment. For the student, the program suggests activities (such as revision or 
supplementary reading) to improve performance.

Machine learning is a powerful set of methods to analyze past performance 
and predict future outcomes. However, like all data analysis techniques, it is 
limited by the data it is given. If the data are sparse or skewed, then the 
predictions will be inaccurate and biased. 

A new development in machine learning may have a profound effect on 
education, and many other areas of life. Generative deep learning systems are 
first trained on huge amounts of data, then used to generate new original 
material. One system, GPT-3, has received investment of over $1 billion from 
Microsoft (Floridi & Chiriatti, 2020). This general-purpose generative AI system 
is capable of answering questions, translating languages, generating blogs and 
news reports, and summarizing academic texts. In education, GPT-3, or a similar 
system, could act as a personal tutor to answer students’ queries and help in 
revision. It could also allow a student to cheat in exams by generating 
assignments or essays that evade plagiarism detection. Figure 6 shows a brief 
demonstration of the power of generative deep learning. The GPT-3 program 
was given the instruction “Write an introduction to string theory for young 
children.” The text below is its, unedited, response. The program has not copied 
text from the internet. It has created its own original explanation.
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Figure 5. A screen from OU Analyse, a program to predict student performance.
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Figure 6. An example of text generated by GPT-3 in response to a user prompt (shown in bold).

For all their power and generality, machine learning systems have a 
fundamental flaw: they lack commonsense knowledge of the world. A system 
that predicts a student’s performance cannot tell what motivates that 
student—whether the student is lazy, confused, or distressed—nor what will be 
the effect on the student of giving advice. A text generator cannot check its own 
output for accuracy or decency. Thus, such systems need to be operated with 
care. For example, a system that informs a student they have a high probability of 
failing the next assignment may be accurate but is unlikely to motivate the 
student or produce better performance. A machine learning system knows 
nothing of human psychology.

Write an introduction to string theory for young children. 

String theory is a theory that helps you understand the universe. To understand string 
theory, you have to understand some other things first, like magnets. String theory is a 
theory that says there are tiny strings in the universe. Unlike a magnet, a string can't be 
made of a material. A string is a tiny, invisible line. String theory says that strings are 
everywhere. The strings can have different shapes and can have different length. The 
strings can also vibrate.
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MARKET SURVEY AND LITERATURE REVIEW

Despite 50 years of research and development, commercial deployment of 
AIEd is still in its infancy. A review of AIEd market in 2018, undertaken by the UK 
Department for Education, found only six companies that explicitly reported 
developing AI products for education (Century Tech, Seneca, Volley, Filtered, 
Maths Whizz, Peak), mostly in the US (Zaidi, Beadle, & Hannah, 2019). Interviews 
with AIEd developers indicated that the market is perceived to be difficult to 
enter, with high R&D costs for developing AI products, including hiring AI 
specialists. However, the report mentions further AIEd products available in the 
USA and China. Since 2019, the range of such companies and products has 
expanded, particularly in China (Liu/NESTA, 2020). 

An example of a successful Chinese AIEd company is Squirrel AI that combines 
physical and digital schooling. Students are given a combination of a human 
coach and an AI-driven tutor that provides a personalized lesson plan. A Squirrel 
AI course is divided into small inter-linked chunks (up to 10,000 ‘knowledge 
points’ per topic). Its AI program leads the student through this topic network, 
diagnosing gaps in each student’s knowledge and adjusting the learning pathway 
as the student progresses. Other AI-based tutoring systems include Alef, ALEKS, 
Byju’s, Qubena and Riid.

A growing area of application is language teaching. Companies including 
Duolingo in the US and Liulishuo in China offer AI-based tutors that feature 
personalized feedback and automated correction of the student’s pronunciation 
and grammar. These are intended for personal use, for example to prepare for 
the IELTS English Language Test. 

Other commercial deployments of AIEd include chatbots and administrative 
support systems. Botsify is a company offering chatbots for education. Its 
platform enables education institutions to develop programs that answer 
specific questions, for instance to help with enrolment or prepare students for 
exams. An example of institutional use of AIEd is the Minerva for-profit 
University. This provides online education in small-size classes. Its AI systems 
monitor students’ engagement with the course, providing feedback to human 
tutors on the engagement and progress of each learner, including how much they 
talk in online tutorials.
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Future developments—still at the research or early deployment 
stage—include programs that assess and comment on student assignments, 
AI-based educational games, exploratory learning environments where students 
construct knowledge by performing experiments, smart robots, automated 
teaching assistants and lifelong learning companions.

Global Market Insights estimates that the global AIEd market size exceeded 
$1 billion in 2020 and is estimated to grow 40% per annum between 2021 and 
2027 (Wadhwani & Loomba, 2021). The report suggests important regional 
variations in AIEd deployment, with focus on personal mobile tutoring in the US, 
virtual classrooms in China, game-based learning in India, and social/team 
learning in the UK. This may well be an over-simplification, nonetheless it 
indicates that AIEd will adapt to differing commercial opportunities, educational 
needs, and cultural settings.

Evidence of effectiveness

A paper in 2016 summarizes the evidence from meta-reviews and 
meta-analyses on the effectiveness of AI systems to tutor students (du Boulay, 
2016). It concludes that AIEd systems perform better (measured by student 
exam scores) than non-AI computer-based teaching programs and also better 
than human teachers working in large classes. They perform slightly worse than 
humans who give one-to-one tutoring. The paper notes that most of the 
surveyed systems teach mathematics or STEM subjects. 

One set of tutoring programs has been studied in more depth. The Cognitive 
Tutor system from Carnegie Learning has been under continuous development 
since the early 1980s (Figure 2 shows a recent version of its Math tutor). A 
large-scale classroom study in the USA of the Cognitive Tutor for Algebra found 
no significant differences on Math attainment in the first year of the study, 
compared to conventional classrooms, and a small but significant effect for high 
schools (but not middle schools) in the second year (Pane, Griffin, et al., 2014). 
The schools using the Cognitive Tutor took a ‘blended’ approach where teachers 
and technology work together to advance student learning. The AI tutor 
provided personalized instruction and the teacher offered focused support. The 
students were also able to access the Cognitive Tutor for personal study within 
and outside the school (e.g., at home in a library). 
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The developers of Cognitive Tutor emphasize that the system is a supplement, 
not a replacement, for a human teacher. The survey by du Boulay also 
emphasizes that the way forward for AIEd tutoring systems must be a blended 
model, a mix of computer tutoring and teacher support, with the human teacher 
having overall responsibility for the students’ progress. duBoulay concludes that 
“the overall message of these evaluations is that blending AIED technology with 
other forms of teaching is beneficial, particularly for older pupils and college 
level students studying STEM subjects.”

It is important to note that improvement in exam scores is not the only 
criterion for judging whether an educational technology should be adopted. 
Other factors include student motivation (some students may be keen to engage 
with personalized technology; others may become bored and demotivated); and 
the need for teachers and parents to understand and support the introduction of 
AI into the classroom.

Other AIEd applications, from personal language learning apps to automated 
administration systems, have not been evaluated in similar detail. A few studies 
of AI-based admissions show that admissions decisions can be predicted at high 
levels of accuracy, indicating that such systems could process routine admissions 
and allow human staff to focus on more difficult cases (Zawacki-Richter, Marin, 
Bond, & Gouverneur, 2019). A large-scale study of programs to detect students 
at risk of drop-out from a course found that an Artificial Neural Network system 
was most successful, with an accuracy rate of 81% (Delen, 2011). 
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Figure 7. A learning environment, from a teacher’s perspective. 1 

AIED POLICY
AIEd has the potential to address big challenges in education, such as 

developing skills for the future and enabling access for all. But to be successful, 
this will require public investment in technology and expertise. According to a 
report on the future of AIEd: the cost of entry into AIEd is high, the marketplace 
is fragmented, and companies lack expertise in education (Baker, Smith, & Anissa, 
2019). 

Rather than considering whether to invest in a specific AI application for 
education, it is helpful to consider how AIEd can function within a learning 
environment. Figure 7 shows a typical learning environment from a teacher’s 
perspective. To provide an effective environment for learning, the teacher 
(supported by the institution and other actors including parents) must manage 
many interacting elements of a complex system. AI has the potential to support 
this task of orchestrating an effective learning environment. 

1 Illustration https://opentextbc.ca/teachinginadigitalage/wp-content/uploads/sites/2909/2014//Culkture-in-learning-environments.jpg, permission CCBY.
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Considering the six main elements in Figure 7, AI applications can support:

- assessment, with tools for formative assessment and automated essay 
marking;

- learner characteristics, through personalized adaptive tutoring;

- content, by generating personalized and engaging content;

- skills, by providing the student and teacher with rapid feedback on skill 
development;

- learner support, through automated teaching assistants that offer help and 
guidance;

- resources, for teachers, parents and administrators to show how the class is 
performing.

Whether AI is deployed to enhance existing education, or to transform it for 
the future, the technology must be made to work within a complete learning 
environment, not just as one component. For example, an AI system for student 
assessment must assess the learning content, test relevant skills and knowledge, 
be practical and cost-effective for the learning environment, while also being 
reliable, valid, and fair to all students. 

Policy recommendations

The Center for Integrative Research in Computing and Learning Sciences 
(CIRCLS) has compiled a reading list for policy in AIEd (Friedman, Black, Walker, 
& Roschelle, 2021). The most comprehensive global policy recommendations are 
contained in the UNESCO report AI and Education: Guidance for Policy Makers 
(UNESCO, 2021). Other important national policy recommendations are in an 
OECD paper on Trustworthy Artificial Intelligence (AI) in Education: Promises 
and Challenges (Vincent-Lancrin & van der Vlies, 2020) and a report on The 
Ethical Framework for AI in Education (The Institute for Ethical AI in Education, 
n.d.). An analysis of these AIEd documents shows the following policy elements:



- Educational goals: ensure the AIEd system matches the pedagogy and goals of 
the institution.

- Skills for the future: select or develop AI systems that develop future-oriented 
interpersonal skills (such as creative thinking, problem-solving, inquiry, 
negotiation, teamworking, design thinking, systems thinking) and technical 
skills (such as cybersecurity, analytics, blockchain, and video production).

- Equity: ensure that the AIEd system treats each learner fairly.

- Human values: promote human values and relationships, such as collaborative 
learning and self-directed learning.

- Learner control and autonomy: support each learner to inquire, self-manage, 
and grow.

- Privacy: respect each learner’s privacy, do not intrude into a learner’s private 
time or space.

- Transparency and accountability: automated assessment should have clear 
and visible criteria for marking and feedback.

- Ethical design: design the AIEd system from the outset to achieve the highest 
ethical standards in  relation to data ownership, privacy, bias, and transparency

Many of these principles apply to all education systems, from traditional 
classrooms to virtual reality. However, AIEd systems give rise to specific policy 
issues that need to be considered beyond those of educational systems in 
general. These issues are: simulated intelligence, big data, and transparency.

Simulated intelligence

Merriam-Webster defines artificial intelligence as “an area of computer 
science that deals with giving machines the ability to seem like they have human 
intelligence”. Applied to education, simulating intelligence involves developing 
AIEd systems that act as teachers, guides, helpers, interpreters, assessors or 
co-learners. Policy for AIEd should consider whether the simulation of 
intelligence is appropriate and affirming—for example, whether an AI tutoring 
system enables students to self-manage and extend their learning, and how it can 
support rather than challenge a human teacher. 
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Big data

Machine learning AIEd systems need personal student data to function 
effectively. The use of such data should not only respect the fundamental rights 
and freedoms of students, but also show students, through dashboards and ‘skill 
meters’, how they are progressing towards their personal learning goals.

Transparency

There is an important difference between ‘model-based’ and ‘machine 
learning’ AIEd systems. A model-based AIEd such as a personal tutoring system, 
can be ‘opened up’ to reveal its curriculum materials and structure, student 
model, and teaching strategy. This allows the designer, or an independent 
assessor, to inspect the system and determine whether its teaching is fair and 
inclusive. 

A machine learning system is different, in that it may not reveal its internal 
representation of knowledge in a way that humans can interpret. This makes it 
more difficult to understand how it is functioning and to detect any implicit bias 
or weakness. Thus, it is essential to test these machine learning systems 
thoroughly with a wide range of data and test cases, to see whether they are 
working correctly and fairly.

Implications of AI for Education

Professor Rose Luckin, a leading researcher in AIEd, distinguishes three ways 
in which AIEd can impact education (Luckin, 2019):

1) AIEd can be designed and deployed to tackle big educational challenges.
2) People can be educated about AI, so they can use it safely and effectively.
3) Education can be changed so we focus on human intelligence and prepare 
people for world of AI.

This short report has focused the first item: the educational, technical and 
policy issues related to using AI in education. The other two elements are equally 
important. There is an urgent need to develop new curricula and new media 
campaigns to educate people about the benefits and risks of AI, including how to 
use AI systems safely and securely. 
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There are also opportunities to develop curricula for schools and higher 
education that prepare students for a world where AI is embedded into every 
aspect of our lives. Online courses such as AI for Everyone (on the Coursera 
platform) and Artificial Intelligence: Distinguishing Between Fact and Fiction (on 
FutureLearn platform) offer a valuable introductions to AI in society for teachers 
and older students. The Introduction to Machine Learning and AI course (on 
FutureLearn) employs free online AI tools, such as Google’s Teachable Machine, 
to give students hands-on experience of designing AI systems. The more 
students can see AI as a technology they can control and explore, the more they 
will come to respect its power and criticize its limitations.

Conclusion

Artificial intelligence systems are already influencing the lives of young people 
through search engines, recommender systems, chatbots, and computer games. 
Increasingly, they will become part of mainstream education, providing personal 
tuition, marking exams, assisting teachers and giving administrators insight into 
student performance. AIEd, in common with most technologies, is fundamentally 
amoral. An AIEd system does not care whether a teacher is de-skilled or a 
student is helped to cheat in an exam. Thus, ethics must be built into how each 
AIEd system is deployed and operated. A good way to do that is to start from the 
educational and ethical principles that the system should embody, then select or 
design the AIEd system to meet those principles. Any educational system that 
simulates human intelligence should be built with respect for the dignity of the 
learner and the professionalism of the teacher.
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