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Artificial Intelligence and globalization have been driving changes in how we live, 
what we do, how we interact with one another, and these trends have also been 
raising questions of what the international education systems should do to 
prepare children today to take on jobs that will emerge in the future, and to train 
teachers and school leaders to be ready for future technology trends. Hence, it is 
important to understand what kind of tasks, skills and human agencies are being 
replaced or enhanced by AI already within the education system. In this paper, 
we present a summary of AI applications in the UAE K12 public school sector by 
Alef Education against the backdrop of the UAE National Strategies for AI 2031 
and the UNESCO 2021 summary of global applications of AI in education. 
Additionally, this paper highlights Alef Education proof-of-concept industry 
take-aways, some future roadmap additions and long-term implications of AI on 
human development in education. 

Keywords: AI Applications, UAE K12 Public Education, Proof-of-Concept, 
Implications 
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Globalization and technological developments (e.g. Artificial Intelligence) have 
been driving a lot of changes in what we do, how we live, how we interact with 
one another, what we need to learn to survive and thrive in this fast-changing and 
interconnected world. New jobs and skills arise in the labor market while certain 
traditional jobs and tasks have been automated by machines driven by AI and 
robotics. Gradually, the demand for skills from the employer might have to shift 
from performance, compliance, and readiness to agility, adaptability, innovation, 
resilience, creativity, and problem-solving. The education sector plays a key role 
in setting a clear vision and direction for schools to get ready for such change and 
prepare children to take on jobs that will emerge in the future and to solve 
problems that we have not yet anticipated, and to train teachers and school 
leaders to be ready for future changes. Hence, it is important to understand what 
automating machines are capable of, what kind of tasks, skills and human 
agencies are being replaced or enhanced by AI, particularly in the education 
ecosystem. 

Artificial intelligence, essentially, is machines that are “capable of performing 
cognitive functions associated with human minds, such as perceiving, reasoning, 
learning, interacting with the environment, problem-solving and even exercising 
creativity” (Chui, Kamalnath & McCarthy, 2020). The introduction of AI into 
education originates from the research efforts in the 1970s to understand how 
computers could substitute one-to-one human tutoring (Bloom, 1984). Baker et 
al. later categorized AI applications in education into student-facing, 
teacher-facing and system-facing applications in 2019 (as cited in UNESCO 
2021). As of 2021, there are two main types of efforts to integrate AI into the 
education sector: first, AI education; second, AI application in education. On the 
AI education front, MIT started an initiative called RAISE (i.e. Responsible AI for 
Social Empowerment and Education) to prepare K12 students to be “successful, 
responsible, and engaged in an increasingly AI-powered society in the face of 
accelerating change”. There are many projects under RAISE, for instance, the 
Inclusive AI Literacy & Learning project focuses on teaching K12 students AI 
literacy with emphasis on accessibility, equity and adaptability for all (MIT RAISE, 
n.d.). On the AI application in education front, UNESCO has summarized four 
categories of emerging applications in 2021, 
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Education management and delivery. For instance, AI is applied to tackle tasks 
such as admissions, attendance, homework monitoring, failure or drop-out 
detection, simulated conversations with chatbots with frequently asked 
questions. Additionally, AI predictive models can be used to identify latent 
learning factors from user data and to extract the  patterns using techniques 
such as pattern mining and factor analysis. 

Learning and assessment. For instance, the most researched application up to 
date is the intelligent tutoring system (ITS), where individual students receive 
personalized learning paths through learning materials and tasks. Knowledge 
tracing and machine learning are used to adjust difficulty level and to provide 
guidance or hints. Challenges with ITS are reduced human interaction which 
potentially has an impact on social emotional skill development and teachers 
need training and time to understand and monitor dashboards. Commercial 
products in this area include open edX, Moodle, Khan Academy, Alef 
Education. For assessments, there are student-facing automatic writing and 
speaking evaluation applications that prioritize giving actionable feedback to 
students and to help promote higher-order processes such as self-regulated 
learning habits. In addition, Betty’s brain is an excellent example that utilized 
machines as the medium to enforce teaching by learning, namely, only by being 
able to teach someone else (i.e. an intelligent agent), students are able to 
achieve deep learning. 

Empowering teachers and enhancing teaching. Applications in this area are 
mainly to reduce teacher workload, for instance, automatic assessments and 
assessment grading, plagiarism detection, AI-driven discussion forum 
monitoring, etc. There is also an AI-human “dual teacher” model which 
supports monitoring student performance over time, providing specialist 
expertise, professional development resources, etc. 

Lifelong learning. There are three main subcategories of applications, 
AI-driven lifelong learning companions with no commercial product yet;  
AI-enabled continuous assessment that constantly monitor student progress, 
provide targeted feedback and assess students’ mastery; AI-driven e-portfolio 
of student lifelong learning achievements which would function as a dynamic 
intelligent resume that could be underwritten or authenticated by blockchain 
technologies (UNESCO, 2021). 
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In light of the above global trends, the United Arab Emirates, as a regional digital 
transformation leader, has set the UAE National Strategy for Artificial 
Intelligence 2031 in 2017, aiming to transform the country into a world leader in 
AI by investing in human capital and industries. AI technologies are encouraged 
to be implemented in different sectors, including in education. In order to 
achieve this vision, there are eight strategic objectives outlined (see Figure 1 
below), among which objective five (i.e. attract and train talent for future jobs 
enabled by AI), objective seven (i.e.provide the data and infrastructure essential 
to become a testbed for AI), objective six (i.e. bring world-leading research 
capability to work with target industries)  and objective two (i.e. build 
proof-of-concept in priority areas) are particularly important for AI education 
industry (UAE National Program for Artificial Intelligence, 2018). 

Essentially, AI education industry needs to have talent (high-skilled human 
capital), infrastructure and data, R&D function to explore, test, and build 
proof-of-concept applications in education, which in turn may help other 
industry players improve and refine AI applications and help policymakers and 
governance entities to better cope with AI-driven economy and society. 

Figure 1. Eight Strategic Objectives, UAE National Strategy for AI 2031 
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Note. Figure 1 shows eight strategic objectives highlighted in the UAE National Strategy for AI 2031.
 From UAE National Program for Artificial Intelligence. (2018). 

UAE National Strategy for Artificial Intelligence 2031. 
https://ai.gov.ae/wp-content/uploads/202107//UAE-National-Strategy-for-Artificial-Intelligence-2031.pdf 
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Alef Education was founded in this global and regional context, with the mission 
to bring innovative digital solutions from the private sector to tackle challenges 
within the UAE K12 public school system. The idea of Alef first came about in 
2015 when it was conceptualized as a technology-enabled primary mode of 
education to address the needs of the local public school system in the United 
Arab Emirates. From that concept, the company’s vision soon expanded to 
include digital educational transformation within the Kindergarten-to-Grade12 
sector globally. From 1 school 8 students and 8 teachers in 20162017-, Alef 
Education has expanded to 418 schools with 121,000 students and 10,080 
teachers as of 2021 (Alef Education, 2021). In terms of product and service 
offerings, Alef Education supports all stakeholders within the education 
ecosystem including students, teachers, school leadership and parents, with the 
purposes of system performance overhaul. The main product is the Alef 
platform, which is a student-centered personalized intelligent tutoring system 
embedded with bite-sized learning content. Additionally, learning analytics 
dashboards provide real-time monitoring and feedback on student, class, 
subject, grade, school and district level to different stakeholders. Teachers also 
receive training and professional development services to be able to adopt new 
technology tools in their classrooms; Parents receive student performance via 
the Guardian app, connecting parents with school real-time. Above all the 
products and services, AI has several promises that are within Alef’s reach. In the 
following section, we present several AI applications in the context of Alef 
Education in the United Arab Emirates K12 public schools.  

Alef AI use cases 

Alef AI use cases are built upon the foundation of the data pipeline (see Figure 2 
below) with the purposes of making informed education investment and product 
decisions using data-driven evidence to solve actual use cases. Because Alef 
Education provides primary mode of education and provides products for all key 
stakeholders within the system (i.e. students, teachers, parents, school 
leadership), hence Alef has access to different types of data from these key 
stakeholders, which include behavioral data, transactional data, interaction data, 
academic data and research collected data. With huge amounts of data collected 
every day and highly skilled teams including machine learning, research, business 
intelligence, data mining, etc, Alef has the advantage to uncover the educational 
BlackBox, to understand more nuances of what is happening between 
educational inputs from students, teachers, parents, schools & Alef and 
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educational output measured by student achievement. This sets the foundation 
for an evidence-based approach for product development and for building 
proof-of-concept on how the AI education industry builds AI applications to 
support education digital transformation, particularly in the UAE K12 public 
education sector. In the following section, we’ll list some AI capabilities 
embedded in Alef. 

Figure 2. Alef Data Pipeline 

Student-facing AI Applications. Alef student-facing AI applications mainly 
follow three key ITS (Intelligent Tutoring System) functionalities, diagnose, 
recommend and prescribe, which work in synergy. An individual student, instead 
of receiving one-to-many instruction from a teacher, a physical textbook and 
time-lagged feedback on performance, he or she is first diagnosed to receive the 
right level of digital learning content, which is particularly important within the 
UAE K12 public school system because the student academic performance per 
each physical grade level is extremely heterogeneous (Miao et al., 2020). Within 
each Alef digital mini-lesson, the student is trained to understand the lesson 
objectives at the very beginning so that goals and expectations are set at the 
start of each lesson. While the student takes the self-regulated learning journey, 
benchmark assessments, such as formative assessments within each lesson, 
interim assessments across mini-lessons, are put in place to regularly check on 
student progress; students and teachers, in turn, receive real-time progress 
monitoring feedback through the learning analytics dashboards, and assessment 
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hints are provided to students to cultivate self-regulated learning habits. 
Additionally, Alef AI applications use large data sets to predict student final exam 
performance. Once diagnosis and initial learning path have been completed, the 
Alef platform recommends learning paths with the support of knowledge graph, 
IRT pipeline and skill mastery tracing. Given that the highly heterogeneous 
student performance levels within each physical grade level, mastery-based 
learning with AI allows the system to understand student current skills, 
mastered skills, poor skills and prescribe next skills for the student to learn 
through Alef digital content library (see Figure 3 below).  

Figure 3. Alef Cross Curricula Knowledge Map

Teacher-facing AI Applications. Alef teacher-facing AI applications focus on 
reducing teacher workload and providing teachers with feedback on student 
assessment performance and learning styles such as engagement, effort, etc. 
Therefore, real-time learning analytics dashboards are designed to support 
teachers with real-time feedback on student assessment performance, metrics 
about student engagement so that teachers could easily take action on. Teacher 
learning analytics dashboard provides information on class performance level, 
student level, lesson activity level and also includes English adaptive diagnostic 
reading test reports. 
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Figure 4. Alef Teacher Analytics_Lesson activity Dashboard

Education system-facing AI Applications. As Alef education has been endowed 
with the mission to transform the UAE K12 public school system using digital 
solutions, thus the first step to better solve a problem is to understand a problem. 
The Alef research and data science teams work together to gather data-driven 
evidence of challenges within the system, using the AI predictive model. For 
instance, in one of the research projects about understanding the contribution of 
learning factors towards student math academic performance, the teams used AI 
algorithms SHAP (Shapley Additive exPlanations) to find out high impact factors 
for student math academic performance across Abu Dhabi public school student 
population (see Figure 5 below), as well as how these learning factors contribute 
to math academic performance per each student segmentation groups (i.e. very 
poor, poor, normal, outstanding) (Miao et al., 2020). Such research evidence 
sheds light on nuanced evidence for Alef teams to build relevant intervention 
strategies to support student math learning. For instance, for the Abu Dhabi 
public school student population, English language (i.e. vocabulary and grammar) 
and reading are the top learning factors contributing to math achievement (see 
Figure 5 below), which shows that there is a literacy challenge for students to use 
English as the instructional language for math learning, as  English is not the 
native language for local students. Hence, Alef developed an adaptive English 
reading test that is integrated to the student learning journey and the 
performance results are regularly reflected in the learning analytics dashboard 
so that learners know where they are, what their next target level is. Additionally, 
the Alef team developed an AI-driven readability analyzer as an add-on in Google 
documents to allow Alef content writers to select text and improve content 
readability for students. 
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Figure 5: SHAP Summary Plot of Predictive Factors by Decreasing Importance

In addition to the research and data science collaborative efforts to uncover 
system-level of evidence to support school change and product developments, 
Alef AI team also developed an unsupervised anomaly detection system to 
identify students and teachers who have had anomalous behaviors compared to 
the rest of the population. Through an information intervention approach, such 
preemptive information is shared either with relevant stakeholders directly or 
through a regular reporting mechanism within Alef in order for stakeholders to 
take action. For instance, the Alef CX (client experience) observation teams make 
use of the information through the anomaly detection system by observing 
relevant classrooms to see what is really happening within the classroom in 
order to better support teachers and students. Anomaly detection systems are 
not used for punitive purposes or for making high-stake decisions about teachers 
and students, but more for informed understanding of what is happening, who 
needs attention for further support. 

Note. Figure 5 shows the SHAP summary plot of predictive factors by decreasing importance. From Miao, X., Mishra P. K., Nadaf, A. (2020). 
Evidence and Promises of AI Predictions to Understand Student Approaches to Math Learning in Abu Dhabi K12 Public Schools. Gulf 

Education and Social Policy Review, vol. 1, no. 2, https://doi.org/10.18502/gespr.v1i2.8458. 
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Other AI applications.  Apart from the above-mentioned AI applications, Alef 
teams also developed knowledge-based chatbots for teachers & students and 
question generators using natural language processing.  For instance, with the 
knowledge-based chatbots, students could receive information to better 
manage their own learning, for instance, what are the courses to take today or 
this week, performance score feedback, etc. With the chatbots, students would 
feel completely comfortable and anonymous to request information they want 
from the system without hurting self-efficacy. 

Alef Education Industry Take-aways & Future Developments 
The above listed Alef AI applications in K12 education bring a lot of valuable 
proof-of-concept lessons learnt for future industry and policy development in 
this sector within the region. As AI is still largely driven by data and the design of 
AI applications in education involves AI experts and domain experts (e.g. 
educators and learning scientists), the following are a few practical take-aways 
from the Alef experience: 

Biases can be introduced in the model and it is important to have a clear 
strategy to tackle these;  

Protocols and codes of conduct are needed in terms of how data is used; 

Interpreting and displaying data and insights to different audiences requires 
user research; 

Domain experts, AI experts, design experts are all needed in the design & 
development process to create products that serve actual  user needs; 

Scientific problem solving approach, evidence-based agile product 
development and creativity are key to developing good products. All of these 
key factors require highly skilled human capital. 

The above-listed Alef AI applications are still undergoing further refinement to 
improve user experience and better support teaching and learning. The Alef 
product team also incorporated building communication, interaction and 
collaboration features to the product roadmap as the team has learnt that 
learning is a social activity particularly during Covid-19 distance learning. This is 
also highlighted in the UNESCO summary of the limitations of ITS (Intelligent 
Tutoring System), namely, ITS generally reduces human interaction, potentially 
having a certain impact on social emotional development. Apart from this, it is 
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important to recognize that data could be transformed into valuable products for 
information intervention in education systems. Data mining, making sense of 
massive amounts of data points, visualizing data for actionable insights requires 
both the infrastructure and experts, but we can already see the promises 
brought about by learning analytics. Apart from these product promises, Alef 
research team is leveraging what Alef has to support national and international 
teacher policy guides in using AI and technology products in K12 education 
systems. As more and more technology products including AI is going to be used 
in K12 settings, 21st century teacher policies need to take into account, to what 
extent technology should be incorporated to help with 21st-century teachers, 
what conditions are needed to hire new teachers and train in-service teachers, 
how to use technology and data dashboards to manage teacher performance, 
identify best practices and intervene on low-performing teachers. It is also 
crucial to take local teacher responses on if they are ready to use technology, AI 
and data products, what kind of knowledge and skills & training teachers need to 
make use of these products, etc. As Alef Education offers a comprehensive suite 
of technology products, including AI, which gives research and policy-making a 
valuable opportunity to explore this domain to inform national and international 
policy-guides with industry proof-of-concept practice experience and avoid 
top-down teacher policy making in this domain. 

Long term implications of AI on K12 Education 

As AI technologies are fast developing and international K12 education is 
moving towards cultivating human capital for the 21st century workforce, there 
is a lot of possibility and creativity for AI to be integrated into education systems 
to help address existing challenges and to provide innovative solutions for 
AI-education for the 21st century. For instance, the international K12 education 
systems have been putting more and more emphasis on skill developments such 
as exercising metacognition (i.e. thinking about thinking) instead of rote memory 
of knowledge points, using critical thinking and creativity to solve real world 
problems rather than pure knowledge acquisition, applying communication & 
collaboration to work with diverse workforce, etc. These changes in the 
education system do not mean that children do not cultivate foundational skills 
such as literacy and numeracy. AI and technology solutions have the potential to 
support both. 
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For instance, there is a common concept between education and AI: deep 
learning. In education, the long established paradigm for learners to achieve 
deep learning is through learning-by-teaching; In the AI domain, deep learning is 
part of machine learning methods that utilizes multiple layers of neural networks 
to produce results comparable to and in some cases surpassing human expert 
performance (“Deep learning”, 2021). If a learner has a trainable machine, or an 
agent, to achieve deep self-learning by teaching the machine or the agent, then 
technology is really serving education in a way that the traditional education 
system is not able to. As early as in 2008, the teachable agents group from 
Vanderbilt university invented a software environment called “Betty’s Brain”, 
which utilizes learning-by-teaching to promote students’ metacognitive skills in 
learning science topics. In this model, learners have to be responsible for their 
own learning journey and progression, and keep track of how much the agent 
Betty is learning (Vanderbilt University School of Engineering, 2022). This is just 
a case in point where technology or AI core concepts or philosophy could be 
creatively utilized to support learning for the 21st-century skill cultivation. 

Betty’s Brain is not using AI yet, but the Open AI GPT-3 model could achieve 
human multistep reasoning through solving grade school math world problems. 
For instance, Open AI trained a system that solves about 90% as many math 
problems as real kids. To match human performance, the trained AI system could 
recognize its mistakes, choose problem-solving steps carefully and repeatedly 
attempt the problem until it finds a solution that works (Open AI, 2021). From 
the example below (Figure 6), we can see the potential of how AI is achieving 
higher level cognitive & metacognitive skills like a human. With time and training, 
AI does have the potential to surpass humans in this specific skill. 

Figure 6. Solving math word problems with a fine-tuned GPT-3 model

Note. Figure 6 shows an example of a fine-tuned GPT-3 model solving grade school math word problems. From Open AI. (October 29, 
2021). Solving math word problems. https://openai.com/blog/grade-school-math/ 

Qestion:

John drives to his friend`s house 200 miles 
away. He drives at a speed of 70 mph. He had 
to take a detour that added to miles to his 
trip. After he gets there he takes a route 
home that is 240 miles but he goes 80 mph. 
How long did the trip take?

Answer:

Method:175B Verification
The trip took 10+200=210 miles
He drove 70 mph for 210 miles so he drove 
for 210/70=3  hours 
The route home was 240 miles and he drove 
80 mph so he was driving for 240/80=3 
hours 
The total trip took 3+3=6 hours   
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When the above mentioned AI technology is already available and it’ll still be fast 
improving, it is just a matter of time “who”, “to what extent” and “how” such 
technology is leveraged into education and human development. Hence, various 
ethical and governance questions would arise. For instance, from the education 
human development perspective, 

Why & where do we need AI in K12 education? 
Who designs AI for K12 education? 
To what extent do we utilize AI to support K12 learning while cultivating and 
supporting necessary human agency and human development? 

If AI is able to take on cognitive and metacognitive tasks, should our children 
not learn such skills, or where is the balance? 

How do we know the short-term and long-term impact of AI-education 
interventions for human capital development, human agency and social 
development? 

Who is responsible for the potential impact of AI on human development? 

These are just some guiding questions for both industry and policy-making 
entities to think about. AI-education industry players, like Alef Education, have 
the potential to work as the North Star to build proof-of-concept lessons learnt 
in leveraging technology and AI in the education sector. For instance, what are 
the effective work processes across different teams to arrive at a better product 
design, what resource support is needed, what are the challenges and how such 
challenges are resolved. Technology is fast-changing and developing  regardless, 
hence the better approach is the business school pragmatic public-and-private 
collaboration to drive positive change together, maximize the value creation and 
minimize side effects. 
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