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ABSTRACT
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The application of Artificial Intelligence (Al) in education is a rapidly developing field that
is revolutionizing the way we learn and teach. This report aims to provide a
comprehensive overview of the current state of Al applications in education, including its
definition and role, application scenarios and common technologies, strengths and
weaknesses, challenges faced, and future outlook. Through an organized structure, this
report delves into various aspects of the application of Al in education, on the one hand
to answer the questions that teachers would like to know about and to use it in the
training material in the Al4T project, especially in parts of the MOOC, and on the other
hand to help other members of the AI4T project to have a better understanding of the
current state of the art of the use of Al in education.

This report defines the concept of AIER (Artificial Intelligence Educational Resources).
AIERs are Al tools or resources used to support educational tasks. Central to this
definition is the clarity of the scope of the work of teachers supported by AIERs. Based
on this definition, we propose a template for characterizing the work of Al-supported
teachers. In the report, we categorize the current state of the art, research trends and
possible developments in AIER, based on the template, for the current and near future.
Application scenarios, advantages and disadvantages of AIER are presented. Teachers'
and other educators' concerns about Al are included.

Based on our survey of teachers' concerns, we discuss how teachers should use AIER,
and how to measure the performance and credibility of AIER. We conclude with a
summary of questions that teachers would like to know about using AIER in their work
and answer them using the content of the previous chapters.

Artificial Intelligence; Al in education; Educational tasks.
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Introduction?

Artificial Intelligence in Education (AIEd) is one of the emerging areas in education today. However, it is still
unclear for most teachers and educators how it can be fully leveraged and what its benefits are. In the
ERASMUS+ AI4T project, from the reports [4][5][26], it can be noticed that compared to the increase of
AIER (Artificial Intelligence Educational Resources), there is a lack of understanding and trust in AIER
among our primary service group, teachers. This lack also exists in related groups, students and
educational institutions. To address this issue and explore the current status and future development of

AIEd, this paper focuses on how Al (Artificial Intelligence) can support the work of teachers.
This document is organized as follows:

In the Section Background and Definition, we focus on finding a general consensus of what is the teachers'
job and investigated the need for teachers to be supported by Al. We summarized this definition of teachers'
jobs through descriptions of teachers' work on major jobs search websites and investigated various views
on the need for teachers to have Al support for their work. By summarizing these, we propose a template
for the characteristics of Al support for teachers' jobs. in this document, we present AIERs categorized by
this template, which makes it easy for teachers to understand the support that Al can provide, and for AIER
designers to define teachers' needs for Al. This template is a supplement to the template provided in
document "Template for Al characterization" to describe tools.

In the Section Now and Future, we present the state of the art of AIER today and in the near future (about
5 years from now). AIER has a broad meaning and can be an educational platform or an online application.
In this section, we classify AIERs according to the template proposed in the previous section. By
summarizing the current state of the art of research in the AIEd field, we predict the trends of AIERSs in the

next 5 years and how they might support teachers' jobs.

In the Section Advantages and Concerns, following the conclusion of the previous section, we summarized
the advantages offered by the use of Al in education today. On the other hand, we also summarized the
concerns and worries of teachers about the use of Al in education. For teachers and educational institutions,
it is worth noting what AIER can do and how it can support their work. For researchers in the AIEd field, it

is worth noting what advantages and disadvantages are associated with using AIER.

In the Section Usage and Metric, we focus on how teachers should use and select Al in education. In this
section, we describe scenarios in which teachers use AIER in their educational work. We also recommend
several metrics for teachers to choose AIER in their work, including metrics to measure Al performance,

and metrics to measure Al trustworthiness.

1 This document is made for policy makers in the Al4T project.
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Finally in the Section Questions and Template, we summarize the problems that teachers want to know
when using AIER in their work. We will use the content from previous sections to answer the common
guestions about the use of Al in education and use the template from another Al4T project's 'Template for

Al characterization' report to answer the questions about the use of specific AIER in teachers’ job.
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1. Background and Definition.

What are teachers' jobs and what kind of Artificial

intelligence (Al) support teachers need.

Fast evolution of digital technology in the information age has made today's educational work increasingly
related to Artificial intelligence (Al) technology and should become an important part of today's teachers'
work. However, in a survey of 140 Estonian K-12 teachers about their understanding of Al [26], the results
showed that the majority of the participating teachers indicated that they had limited (47%) or average (35%)
knowledge about Al. About 4% of teachers responded that they had never heard of Al before, and 8% said
they were not sure what Al was. In another survey of 37 K-12 teachers who are already interesting in Al
[27], most of them (80.5%) still do not have experiences with teaching Al yet. In contrast to the trend of Al
becoming increasingly important in education, teachers lack understanding and trust in Al technology. This
issue leads to a growing gap between the development of teachers' work and the development of modern
Al technologies. Therefore, this document will focus on how Al can support teachers' jobs to help them

understand and trust the use of Al in education.

Before investigating what kind of support Al can provide for teachers, it should be clear what Al is and what
teachers' jobs are. In this section, we will introduce the background of Al and Artificial Intelligence

Educational Resources (AIER) in the following steps:

e The definition and scope of Al in this document when we discuss AlEd.
e The definition of teachers' jobs in this document when we discuss teachers' job.
e From the definitions of Al and teachers' jobs that we have chosen, the tasks in teachers' jobs that

AIER needs to support.

After these steps, we will propose a template for classifying and describing AIERs based on these

definitions.

1.1 The definition of Al in education

From a 2020 review for “Al in education” [12], we can see the general definition of Al is the ability of digital
computers or computer-controlled robots to perform tasks normally associated with intelligent people, while
the author defines the Al as the ability of machines to adapt to new situations, deal with emerging situations,
solve problems, answer questions, device plans. This definition and the later elaboration in this review
reflect the fact that the definition of Al is highly dependent on the tasks that Al needs to accomplish. This is

the reason why in this chapter we limit the discussion of Al to accomplishing educational tasks.
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From another review on the impact of Al in education [10], in addition to the above definition, the authors
describe Al as the ability of computer to recognize patterns, make choices adapt to change and learn from
experience. This definition is related to the different technologies and algorithms of Al. Machine learning
and data mining are closely related to Al, while learning analytics is an important direction for Al
technologies in education [10]. Another point worth noting is that this definition refers to the ability to learn

from data, which is related to the collection and management of data by AIER.

As seen above, in many different articles discussing the impact of Al on education [4][5][12][13], the authors
explore different perspectives, so much so that they define Al differently and have different scopes for Al.

Therefore, in this paper we will limit the discussion of Al in AIEd to AIERs that support educational tasks.

When we discuss Al to support education, we do not include those Al that can be used for general tasks in
educational and non-educational scenarios, for example, Al translators that can be used to translate
mathematics textbooks and translate non-educational fiction. In this document, we focus on Al that is only

used for educational tasks, which we refer to as AIER.

Please note that the Al techniques used in AIER can be not only Al methods specifically designed for

educational tasks, but also general Al methods, and we will not limit the definition of AIER by technology.

1.2 Teachers' jobs

In our opinion, for discussing the support of AIER for teachers' jobs, the definition should be highly related
to the educational tasks in teachers' jobs. To complete the definition of AIER, we should point out what are

the educational tasks in the work of teachers.

In order to find a general consensus about teacher jobs and to ensure that they are international and widely
acceptable, we investigated the descriptions of teacher jobs from the most popular jobs search sites, such
as Betterteam, Indeed, etc. [1] [2]. After filtering out the skills required for a teacher's job and focusing on
the educational tasks teachers are expected to do, we summarized four main categories of activities in

teacher's jobs:
Developing and issuing educational content:

e Designing lectures, notes, tests, and assignments.

e Setting homework, assignments, and tests.
Delivering personalized instruction to each student:

e Supervising students.

e Answering student questions.
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Assessing and recording the learning process of students:

e Developing and marking examinations to measure students' progress.

e Assessing and reporting on students' academic achievements and behavior.
Supervising students' learning environment:

e Encouraging student participation and performance.

e Attending parent-teacher meetings.

Besides those, there are more detailed aspects of teachers' jobs. But for the purposes of this document,
this is the definition of teachers' jobs we want to keep. Therefore, the four parts of this definition should be

the main domains of which Al needs to support teachers' jobs.

1.3 The definition of educational task

After clarifying the definitions of Al and teachers' work, it is time now to discuss what Al can offer to support
the teachers' jobs.

Firstly, AIER is the core of AIEd, which can be a wide range of resources and tools. AIERs include
educational applications, educational content design software, online course platforms, and so on.
Nowadays, there are many different kinds of AIERs for different educational tasks. Both surveys from
elLearning Industry in 2019[4] and from Datamation in 2021[5] point out four main roles of Al in education:
Personalized learning programs; chat-bot as teaching assistants or software-driven tutors; 24/7 access and
instant feedback for students; Learning analytic tools for teachers or educationalists. In a 2014
TeachThought survey [3], 10 roles of Al in education were proposed, and we summarized them with the
previously mentioned roles and listed the main types of AIERs offered to teachers.

e Automatic generation of educational content.

e Helping to improve educational content.

e Providing personalized instruction for each student.

e Fast feedback to students.

e Assistance in monitoring students.

e Assesses students' learning behavior and learning routes.
e Records the student's learning process.

e Helping learning analysis and providing improvement.

e Facilitate communication between teachers, students, parents and relevant groups.
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Note that when these surveys describe the role of AIER, sometimes they are talking about the technology
used by Al and sometimes they are talking about the educational tasks supported by Al. This has caused
some confusion, and in order to more clearly and effectively describe the support that AIER provides for

teachers' job, a distinction is made in the different layers of the templates later in this document.

Second, educational tasks are at the core of teachers' work. As we mentioned before, various educational
tasks belong to the four domains of teachers' work, and each of them requires the support of AIER. In a
survey of 140 Estonian K-12 teachers about the challenges they face [26], the authors identified the
educational tasks that teachers need the most support for by investigating the superpowers they would like
to have. In another survey of 34 Indian teachers about the use of programs in education [28], the authors
identified educational tasks that needed support by surveying teachers about what kind of help they

expected the programs to offer. The results can be summarized as follows:

¢ Planning educational content;

e Preparation of materials;

¢ Finding misconceptions;

e Personalized instruction to each student;
e Monitoring students;

e Fast feedback to students;

o 24/7 feedback to students;

e Learning analytical skills.

It is worth noting that there is much overlap with the educational tasks we have already proposed and those
supported by AIER as mentioned earlier. This suggests that the specific educational task the AIER supports

is a noteworthy characteristic when describing AIER.

1.4 The Template of AIER

To summarize the above investigation, we propose a 5-layer template to describe the support that teachers
need from Al. This template will also be used to describe the current AIER and future Al support for

teachers' work. The meaning of each layer of this template is given below.

o Description: The first layer contains basic information about AIER, including the name of AIER and
its company or publisher. If there is a website for the product, it will be attached to this layer.

e User: This layer declares the final user, which could be teacher, student, educator, stakeholder,
and so on. As additional information, this layer will also declare who pays for the AIER or if the

AIER is free for the final user.
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Usage: This layer declares the main domains of teachers' jobs that this AIER supports. This layer
is one or more options selected from 4 main domains: Developing and issuing educational content;
Delivering personalized instruction to each student; Assessing and recording the learning process
of students; Supervising students' learning environment.

Task: This layer declares the educational task supported by this AIER.

Technology: This layer declares the Al technology used in this AIER, which explains how this AIER
support the educational task. The detail of this layer contains the Al method or algorithms used in

this AIER, the related public and the personal data used.
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2. Now and Future

The current situation of AIERs and the future

development of AIEd.

In this section we present the main Al technologies used in AIER nowadays, describe some real-world
AIER cases we have investigated with the template proposed in previous section, summarize the current
top research trends in AIER, and attempt to make predictions about future trends in AIER. The details are

divided into three subsections as follows:

1. Firstly, we introduce most commonly used Al techniques in AIER and the main research in AlEd.
This subsection provides a brief overview of the current status of AIER.

2. Secondly, we classify and describe popular Al applications or products that are mainly used in
education in K12 countries, based on the template presented in the previous section. This
subsection focuses on what the AIERs available now can do to support teachers' work.

3. Finally, we summarise and analyse the current state of research within the development areas
related to AIER. And based on the current trends in the popularity of AIER and AIEd, the
relationship between Al technologies and educational tasks, we analyse the future trends of AIER
and try to make predictions. This subsection focuses on what support AIER will provide for

teachers' work in the future.

2.1 The main research in AIEd

From the 2020 review on AlEd [12], the authors identified three main categories of technologies most

relevant to Al in education: machine learning, learning analytics, and data mining.

¢ Machine learning is the parsing process of knowledge discovery, model discovery, and
performance improvement of task sets based on sampled datasets. Such techniques use students'
past learning records and learning behaviors to recommend course choices for students, to help

instructors adjust their teaching methods, for example.

e Learning analytics is the measurement, collection, analysis, and reporting of data about learners
and their contexts with the goal of understanding and optimizing learning and education [17]. In
AIEd, learning analytics is combined with Al technology and applied to the non-technical world of
education. Its primary use is to provide early intervention or feedback to students who are at risk
for learning. Artificial intelligence techniques help learning analytics gain the possibility to consider

more parameters and generate faster early warning systems.
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e Data mining is the process of extracting and discovering patterns in large data sets [18]. Data

mining in AIEd is the mining of educational data to identify the association rules inherent in it to

provide knowledge to students or teachers. In today's AIEd research, data mining is often used to

discover patterns in student learning behavior, predict future student performance to help teachers

make adjustments, and help teachers improve curriculum development and the design of

educational systems.

e From this review, we can see that the main development trend of AIER will be around these three

main directions, with different specific directions based on different specific Al technologies and

algorithms.

2.2 The state of the art of AIER

An increasing number of AIERs are now being published around the three main directions mentioned in

the last subsection. We mainly surveyed the status of Al tools and applications used in K12 classes. Based

on the 4 main domains of teacher's work in our template, we grouped them into the following 4 categories:

Developing and issuing educati
onal content

Assess and record the learning
process of students

Delivering personalized instruct
ion to each student

Supervising students' learning
environment

Task

Automatic generation for customized edu
cation content

AIER

Content Technologies, In
c. (CTI) [19]

Recognize the speech and gene-
rate the text

Nuance [20]

Help with the collection of materials for
designing educational content

Not really one for now

Recording students' learning traces Thinkster Math [21],
Cognii[22]

Evaluating students' learning behavior Cognii

Generating the reports based on learning | Cognii

analysis

Al assistance for answering students' qu
estions

Cognii,Brainly[24],Georgi
a Tech(Jill Social Agent)[
23]

Al assistance for teachers to pro-
vide personalized instruction

Thinkster Math,Cognii

Virtual Reality for engaging students

ClassVR[25]

Assistance in monitoring classroom.

ClassVR

Chatbot between teachers, students, par
ents or relevant groups.

Not really one for now

13
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Table 1 : the map of the AIER support for 4 main domains of teachers' job
In Table 1, we list the various types of educational tasks supported by the investigated AIERS.

The first column shows the usage, i.e., which major area of the teacher's work this educational task belongs
to. (we identify it with different colors); the second column is the task in our proposed template, i.e., the
specific content of the educational task; the third column is example of AIERs that support this educational

task.

We describe these AIERs according to the template proposed in the previous section, as follows:

Content Technologies, Inc. (CTI)[19]

Content Technologies, Inc(CTI) provide software which can analyze course materials,
Description textbooks, syllabus, and other resources to create textbooks, study guides, and

multiple-choice tests.(https://contenttechnologiesinc.com/)

User Used by teacher Payed by educational institution

Usage Developing and issuing educational content.

) ) Cram101:overview study guides
Automatic generation for

Task customized education | JustTheFacts101:highlight important information

content

Nursinged101:find the critical information

Deep learning NLP model for text generation. This model is called Jasper.Al based on
GPT-3(ussler, Frederik (July 21, 2020). "Will GPT-3 Kill Coding?". Towards Data

Technology Science. Retrieved August 1, 2020.)

The education content generation without users' personal information but based on the

users' selected textbook and CTI's library.

Nuance is speech recognition software used by students and faculty. It help for

Description students who struggle with writing or have accessibility needs

(https://www.nuance.com/dragon/industry/education-solutions.html.)
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User Used by student Payed by educational institution

Usage Developing and issuing educational content.

Task Recognize the speech and generate the text and correctly read them back .
Speaker—dependent speech recognition called Dragon

NaturallySpeaking.(https://www.nuance.com/asset/en_us/collateral/dragon/whitepape

Technology riwp-helping-students-reach-their-full-potential-en-us.pdf)

The users' voice is collected and used for voice profile.

Cognii [21]

Cognii is a provider of Al based educational technologies. Their products include a
Description virtual learning assistant, for K-12 and higher education institutions, as well as

corporate training organizations. (https://www.cognii.com/)

User Used by student, teacher. Payed by educational institution

Delivering personalized instruction to each student.
Usage

Assessing and recording the learning process of students.

Cognii Virtual Learning Assistant: answering student questions.

Cognii Virtual Teaching Assistant: evaluating students' responses to questions to

Task assess deep understanding and critical thinking.

Cognii EdTech Analysis: generating report of knowledge gaps and mastery overview

at the class, student, problem or specific concept level.

For Congnii Virtual Assistant, Cognii use Conversational EdTech based on
Personalized Adaptive Learning which include NLP and Cognitive Computing. There

Technology are some feature about this NLP algorithm but no linked public.

For assess the user and learning analysis, cognii use data mining and machine

learning on the users' behaviors, but does not state which algorithms they use.
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Thinkster Math [22]

Description

Thinkster Math is an online application for students and their parents. The application
trace the steps of students learning on math problems and match the teacher to
students based on their learning path.

(https://hellothinkster.com/online-math-tutor.html.)

User

Used by student. Payed by students' parents

Usage

Delivering personalized instruction to each student.

Assessing and recording the learning process of students.

Task

Learning analysis for the learning path based on the trace of users' behaviors;

Delivering personalized courses and match the teacher based on the learning path.

Technology

Automatic Information Processing Model for Learning analysis. No more detail;

Courses and teachers are recommended for students, the parents select the teacher.

No more detail and no sure the ranking is based on result of learning analysis.

The users' personal data and trace of behaviors are collected and used for learning

analysis.

Georgia Tech(Jill Social Agent)[23]

Georgia Tech proposed a Jill Watson Al framework. The first produce is Jill Social

Description Agent, which is a teaching assistant using their own custom “knowledge base” to
answer basic student questions 24/7.(https://emprize.gatech.edu/.)

User Used by student Payed by educational institution

Usage Delivering personalized instruction to each student.

Task Answering student questions 24/7.

Co-funded by the
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Jill Watson Al framework, similarity matching and knowledge-based adaptation(Wang
Q, Jing S, Camacho |, et al. Jill Watson SA: Design and evaluation of a virtual agent to
build communities among online learners[C]/Extended Abstracts of the 2020 CHI

Technology Conference on Human Factors in Computing Systems. 2020: 1-8.)

The users' personal data (location, timezone, hobby, class schedule, and so on.) are

collected and used for matching.

Brainly for Schools and Teachers[24]

Brainly is an online space that offers a supportive message board setting for peer-to-
peer learning and homework help. The part of Brainly for Schools and Teachers expand
Description classroom into online earning environment.
(https://brainly.com/schools-and-teachers?source=topbar.)
Used by student,
User Payed by student
teacher
Usage Delivering personalized instruction to each student.
Task Recommend the answer for student questions.
Content based and collaborative filtering methods. No more details on their website.
Technology
The users' input content and behavior trace will be used for the recommendation.
Beside that, the users' personal data (email address, age, and phone number) are
collected and used for this online platform.

ClassVR[25]

o ClassVR is a fully integrated, classroom-ready device for provide the virtual reality
Description
courses to students by teacher.
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(https://classvr.com)

Used by student, ) o
User Payed by educational institution
teacher

Usage Supervising students' learning environment

Virtual reality for engaging student participation and performance.

Task

Assistance in monitoring classroom.

ClassVR provide ClassVR Headsets as a VR hardware with VR and AR technology.
Technology ClassVR provide simple-to-use teacher controls software to streamline learning with

VR & AR. The software helps to manage and monitor lessons.

There are no public papers related to the technology on their website. The personal

data will not be used in ClassVR.

As can be seen from the various AIERs mentioned above, AIERs currently cover almost all four main parts
of teachers' work, yet there are still some gaps between them. It is worth noting that in addition to AIERs
specifically designed to fulfil educational tasks, generic Al technologies also bring some support to teachers'
work, such as in Table 1 for 'Helping to collect materials for designing educational content’, generic Al
search technologies can support this task, as some Al generic tools can also provide support to teachers

in collecting materials when writing educational content.

2.3 The research in AIEd and the future of AIER

In the previous section, we surveyed and summarized the AIER applications or tools that are now available
on the market and proposed what should be the future development of AIERs by analyzing the relationship
between existing AIERs and the educational tasks proposed in our survey. In order to further analyze the
trends in the future development for AIER, it is important not only to investigate the resources that are being

developed now, but also to determine what kind of resources could be available in the future.

From the 2019 report on "A Year of Artificial Intelligence in K-12 Education”[8], the 2020 review on AlEd
[12] and 2021 review on AIEd [13], we can see that Al algorithms and systems in education are gaining

interest year by year. In the 2020 review [12], it is mentioned that the number of papers published from
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Web of Science and Google scholar under the topics "Artificial Intelligence" and "Education” have increased
from 60 papers in 2010 to 200 papers in 2019 [12]. Besides the three main research directions, which are

Machine learning, Learning analytics, and Data mining, there are several new research trends in the AlEd.

From the review on AIED in 2021 [13], the authors additionally point out several popular research directions
in the field of AIEd:

¢ Integration with the development of emerging computer technologies: increase the integration of
Al with the development of emerging computer technologies, such as robot control, sensing
devices, quantum computing, wearable devices, 5G wireless communication technologies and
mobile communications [14]. These technologies provide new opportunities and chances for the
application of artificial intelligence in learning and instructional design; facilitating student learning
and creating an environment where teachers can teach more effectively, such as E-learning [15].

¢ Increasing the use of non-formal education: The development of Al technologies has facilitated the
development of non-formal education. Therefore, Al technology is also a noteworthy development
in non-formal education. For example, the management of students' courses and assignments
outside the school, distance learning as mentioned before, etc.

o Alresearch related to specific disciplines: Al technologies have a natural relevance to education in
some specific disciplines because of their natural association with technologies related to data
processing. Examples include research on the intersection between Al, mathematics education
(ME), and computational thinking (CT); the processing of medical graphics and other related

developments in medical education curricula; and so on.

From the above report and review, we can see that the current research direction in AIEd complements
and develops the AIER that is already available today. Following the four main domains of teachers' work
proposed in this paper, we can fill in table 2 with the state of art of AIEd research directions according to

the relevant application scenarios and related Al technologies:
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Developing and issuing educa
tional content

Assess and record the learnin
g process of students

Delivering personalized instru
ction to each student

Supervising students' learning
environment

Task

Automatic generation for customized ed
ucation content

Related Research
technology

Academic data mining and
pattern mining

Recognize the speech and generate the
text

Speech recognition

Help with the collection of materials for
designing educational content

Machine learning.
Recommendation System

Smart lesson system

Machine learning and data
mining

Evaluating papers and exams

Image recognition,
computer -vision,prediction
system

Recording students' learning trace Learning analysis,Data
mining

Evaluating students' learning behaviour Machine learning, data
mining

Generating the reports based on learnin
g analysis

Machine learning, learning
analysis with Al

Al assistance for answering students' qu
estions

Adaptive learning

Al assistance for teachers to provide per
sonalized instruction

Adaptive  learning and
personalized learning

Virtual Reality for engaging students

Virtual Reality, Augmented
Reality

Assistance in monitoring classroom.

Face recognition, speech
recognition

Chatbot between teachers, students, pa
rents or relevant groups.

Online and mobile education

Natural language
processing

Edge computing, virtual
personalized  assistants,

real-time analysis

Table 2 ; the map of the AIER research technologies support for 4 main domains of teachers' job

In Table 2, we list the various types of educational tasks supported by the technologies associated with the

current top trends in AIEd research. The first column is the use in our proposed template, i.e., which main

domains of teacher work this educational task belongs to. (We identify them with different colors); the

second column is the task in our proposed template, i.e., the specific content of the educational task; and
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the third column is the technology in our proposed template, i.e., the relevant technology of AIEd research

that supports this educational task.

It is worth noting that Table 2 is almost identical to Table 1, which confirms what we know about AIER. And

by comparing Tables 1 and 2, and taking into account the educational tasks we presented in the previous

section, we can see that AIER will move in three main directions in the foreseeable future:

1.

Filling the gaps. As we can see in Table 1, the existing AIER is still not enough, there are still gaps
in some educational tasks. And in Table 2, there is already some research looking at solutions to fill

these gaps.

Better performance. For the same educational task, there are different AIERs in Table 1 and different
research trends in Table 2. From this fact we can see that they will compete with each other and
become more effective as technology develops. For example, online answers to students' questions

will be faster and more accurate in the future.

More extensive. In Table 1, there are different research trends related to the same AIER. This may
mean that in the future, a single AIER will have a wider range of functions and effects. For example,
in Table 1 Thinkster Math and Cogii provide personalized instruction for each student by assessing
and recording the results of learning analytics on the student learning process. Their related research
has involved learning analytics on student behaviour, improving educational content based on student
feedback and so on. The multiple research directions will allow the future of AIER to be broader and
not limited to one major part of a teacher's work. The various parts of a teacher's work are coordinated
by Al, and in the future, the support AIER provides to teachers should be more extensive and

accessible.
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3. Advantages and Concerns

Why should teachers use AIER in they work and why
they did not use.

Artificial Intelligence in Education (AIEd) is one of the emerging areas in education today. Although it has
been around for about 30 years, it is still unclear to teacher how it can be fully leveraged to influence
teaching and learning and how it can be used to its pedagogical advantage on a larger scale. In this section,

we will introduce the impact of using AIER in the work of teachers in two sides:

¢ In the first subsection, we will follow the conclusions of the previous section on what AIER can do
now and in the future, summarizing the advantages that AIER offers teachers in helping to
accomplish educational tasks.

¢ Inthe second subsection, on the opposite side, we will summarize teachers' concerns and worries

about using Al in their work.

3.1 Advantage of using AIER in the work of teachers

From the 2016 report on the "Centennial Study of Artificial Intelligence"[7] and the 2019 report on "A Year
of Artificial Intelligence in K-12 Education"[8], we can see an increasing use of Al in education in general.
A survey of K12 education in Europe in 2021 reported [8] that 72% of countries are interested in AIEd. Over
47% of learning management tools will be Al-enhanced within the next three years, according to the survey
by eLearning Industry [4]. From these reports, we can see a gradual increase in the use of Al in education

and a deepening of its importance.

From the 2016 report [7] and another 2020 report [10] on "Advantages and Disadvantages of Artificial

Intelligence”, it appears that Al improves our lives through the following advantages:

e Al can automatically and efficiently complete predefined tasks to save time and other cost.
e Al can be programmed, self-written, self-modified.

e Al can be deployed easily.

e Al can support the work and give feedback fast and 24/7.

e Al support the online work and digital documents.

In addition to these advantages, the 2019 report [8] lists powerful and immersive applications of Al in
education in the near future. The authors cite the role of data mining, learning analytics, and machine
learning in education and the mutually reinforcing developments when combined with each other. And the

development of these technologies will help enable innovation in education beyond its current state. Al can
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help with the lifelong length learning recording outcomes, ongoing assessment and learning companions.
In another 2021 report on the current state of Al in education in China [11], it is stated that Al offers three
irreplaceable and revolutionary advantages: the first is the replacement of repetitive educational labor with
Al, consisting mainly of the recording and assessment of student learning behavior; the second is the help
in personalizing education, with developing and issuing educational content across the whole learning path
and deliver personalized instruction to students; the third is to break through the boundaries of schools,
classes and subjects and to rebuild the learning environment through online education and other Al
technology, helping teachers to better supervising students' learning environment. In the 2021 review on
AIEd[13], the advantage of Al in the education sector includes: easy and fast access to information; distance
education and learning; delivering personalization of education; globalization of knowledge provided by Al
translators; assistant monitoring of students' learning behavior; environmental protection due to digital
education; Al making information more accessible to special (disabled) students than it would be otherwise;

reduction of errors due to repetitive tasks.

From the above report, we can see that the advantages of using AIER to support teachers in their work,

classified according to the four main parts of teachers' job, are as follows.
Developing and issuing educational content:

¢ Aswe mentioned in the support from Content Technologies, Inc. (CTI) and other similar AIER,
the Al helps to automatically generate the course materials and generate the quiz or test based
on the courses that the teacher prepared.

e Al helps teachers access information easily and quickly.

e Al helps the teacher to design the educational content based on the whole learning path of
student.

¢ Al helps the teacher to improve the educational content based on the result of learning analysis

or pattern mining from other educational resources.
Assessing and recording the learning process of students:

e Al helps to trace the students' learning behaviors when students use the applications or learn
online.

e Al-driven lifelong learning companions and Al-enabled record of lifelong learning
achievements.

e Al helps to automatically correct and measure the test result of students based on the teachers'
setting, which will save the time for teachers' evaluating and reduce the error.

e Al-enabled continuous assessment.

e Learning analysis will be easier with Al technologies, such as machine learning or data mining.

Delivering personalized instruction to each student:
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e Al assistance for answering students' questions.

e Al assistance for teachers to provide personalized instruction.
Supervising students' learning environment

e Assistance in monitoring classroom.
e Online learning environment.

e Chatbot between teachers, students, parents or other relevant groups.

As can be seen from the above, the use of AIER for a variety of educational tasks in all major aspects of

teachers' work can help teachers.

3.2 Teachers' concerns about using AIER in their work.

There are two sides to everything, and the use of Al in education certainly brings some drawbacks, not just
advantages and benefits. Note that, here we do not discuss the disadvantages of Al due to technology and
common applications, such as the increase in education costs due to expensive devices, technology
addiction, negative health effects due to incorrect use, negative impact on social life due to students'
dependence on the Internet, etc. [10][13]. We focus on the concerns and worries that come with teachers'

perceptions and understanding of Al, which is a major issue that the Al4T project needs to address.

In a survey of 140 Estonian K-12 teachers, their concerns about the use of Al in education were summarized
and analyzed. Participants' perceptions of using Al in education were negative in three ways: more than
half of the participants (55%) thought the biggest problem with using Al was the extra effort required to
learn how to use AIER; 34% did not believe Al could perform tasks without errors; and 11% thought Al
could replace teachers' jobs and lead to job loss. It is worth noting that even on the positive side, 41% of
the participants were of the opinion that their jobs require human involvement, and because of their distrust

of Al, they do not think their jobs will be replaced.

In a 2022 study on concerns of teachers of using Al in education [29], the author conceptualized teachers'

concerns about a new pedagogical innovation into 5 categories:

e Consequence (C): The concerns about the impacts on student learning and teacher professional
development.

e Evaluation (E): The concerns about the worthiness and possibility of introducing the Al.

e Information (I): The concerns about the involved tasks and demands related to using the Al in
education.

e Management (M): The concerns about the practical issues related to the actual implement of using

Al in education.
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e Refocusing (R): The concerns about the further improvement and enhancement.

The participants of this study were 38 Hong Kong high-school teachers who attended a 2-hour face-to-face
AlIEd induction seminar voluntarily. The result shows that the teachers have encouraging concerns about

C and R but very strong discouraging concerns about E, | and M.

These two studies showed that teachers had three main concerns about using AIER in education: first, they
were concerned about the difficulty of learning to use AIER and the unrewarded effort and time spent,
second, they questioned the effectiveness and necessity of using AIER, and third, they suspected that their

role as teachers would be replaced or changed by using AIER.

In addition to these concerns, from the review [11][12], the authors also point out that some of the problems
with the use of Al in education from the viewpoint of educational institutions include: confusion in student
management that may result from distance education; inequality in non-formal education that may result
from the conditions of different devices; data security issues for students and teachers; consistency and

laziness of teachers in creating educational literature due to the assistance of Al tools, and loss of creativity.

It can be seen that the sources of these above concerns and worries about the use of AIER in education

can be summarized as follows.

The cost of learning using AIER

e Lack of knowledge about Al

e Concerns about the transparency of AIER
e Concerns about the security of AIER data

e Concerns about the decision level teachers have when using AIER

It is worth noting that the first two points are the main issues that the Al4T project is trying to address, while
the last three points are described and summarized in the AI4T project's report on “Template for Al

characterization” specifically for these three features of AIER for teachers and educational practitioners.
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4. Usage and Metric

How to use and select the AIER for teacher in

education.

In the previous section we could see that there are both advantages and disadvantages to using AIER in
education and many teachers have concerns as a result. These concerns may be reduced after receiving
training on knowledge of Al in education. In addition to an introduction to what Al is, educating teachers on
how to use and select Al in education is an important part of this training. In this section, we will introduce

this essential part of training for teachers in two subsection:

¢ In the first subsection, we will follow up on what AIER can do, describing scenarios in which
teachers use AIER in their educational work.

e In the second subsection, we will introduce the general metrics for measuring the Al and
recommend teachers several metrics for selecting the AIER in their work. While metrics that
measure Al performance are important, there are a number of metrics that measure Al

trustworthiness that are worth considering.

4.1 Scenarios of using AIER

In this subsection, we present different scenarios in which teachers are using Al in their educational work.
As we mentioned before the use of AIER is growing in classrooms across Europe and AIER is being used
in different ways to support educational tasks. From the Usage layer in our proposed templates, we can
see that a common distinction to AIER is made between 'student-oriented’, 'teacher-oriented' and 'system-
oriented'. For these different AIERS, teachers can use them in different scenarios and get support for their

own work.
The scenarios in which Al tools are used in education can be divided into the following four groups:

Teaching Support: This type of scenario is the use of Al applications to teach students in education. AIERs
in this scenario are designed for students and also generally have extended features specifically designed
for teachers. First, using such AIERs can help teachers share the burden of teaching a particular course.
Second, when using such AIERS, teachers can gain better control over students' learning in the course
through features such as class management and monitoring of students' learning progress. AIERS in such
scenarios support the teachers' jobs including delivering personalized instruction to each student and

assess and record the learning process of students. The common examples of Teaching Support include:

e Intelligent tutoring system, such as Thinkster Math[22];

Co-funded by the

*
Erasmus+ Programme o

of the European Union

26



——0

Al4T

Al FOR TEACHERS

e Dialogue-based tutoring systems, such as Georgia Tech[23], Brainly[24];

e Language learning applications, such as Doulingo[33].

Learning Support - This type of scenario uses AIERs to support student learning. Unlike the previous type
of scenario, AIERSs in this type of scenario are designed not only for students, but also for teachers or to
support learning environments. Some of the AIERs used in these scenarios help students and teachers
communicate in different situations, such as distance learning or learning in a VR environment. Other AIERs
help address difficulties students encounter in communicating with teachers or in learning environments.
AIERs in such scenarios support teachers' jobs, including tasks such as supervising students' learning

environment.The common examples of Learning Support include:

e Exploratory learning environments, such as ClassVR[25];
e Al-supported collaborative learning, such as 360Learning[34];

e Learning analytics to aid learning, such as learning path analysis and assistive t0ols[36]

Teacher Support - This type of scenario uses AIER to directly support teachers. In this type of scenario,
AIERSs are designed for teachers to support their work. This type of AIER is typically designed to support
the teacher's direct work, for example helping the teacher with repetitive tasks such as lesson plan
preparation and grading assignments. AIERSs in this type of scenario support teachers' work with tasks such
as assessing students' learning process, developing and issuing educational content. The common

examples of Teacher Support include:

e Al teaching assistants, such as Cognii[21];

e Pedagogical resource recommendation, such as Content Technologies, Inc. (CTI)[19].

e Learning analytics to aid teacher, such as descriptive cards of student characters [37].

o Diagnosing learning difficulties for warning teachers, such as ERA (Early Risk Alert In A

Distance Learning)[38];

System Support - This type of scenario uses Al to support diagnostic or system-wide planning. In this type
of scenario, AIERs are designed for schools or government educational institutions to support teachers
from a global planning perspective. This type of AIER is usually designed for educational support of whole
information systems, such as educational data mining systems, and diagnostic learning difficulty systems.
Although these AIERs are mainly used by educational institutions such as schools, their output is used to

support the work of teachers. AIERs in this type of scenario support the work of teachers, such as Assess
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and record the learning process of students and supervising students' learning environment.The common

examples of System Support include:

e Educational data mining for resource allocation, such as Wisconsin Information System for
Education (WISE) [35];

e Diagnosing learning difficulties, such as DEWS (Dropout Early Warning System);Student Mapping
Tool (SMT)[35].

¢ Organization for the educational activities, such as the BacAnalytics.

From the above scenarios, it is clear that teachers can use AIER to support their work, regardless of the
type of user it is designed for. What teachers need to know is how to approach and use AIERs in these
scenarios. In the next subsection we will describe how teachers should choose to use AIERs when faced

with AIERs that perform the same function in the same scenario.

4.2 Measurements of AIER

In this subsection, we will present some measures of AIER performance and trustworthiness. Note that, in
this document, we will not compare or rank the AIER nowadays, but to help the teachers to know about

what measurements they should consider when select the AIER in the educational work.

From [30], the authors state that, in general, there are three groups of metrics that measure the performance
of Al in education. Metrics that measure the generic performance of the algorithm (GAM), performance
metrics for completing the intended task (CTM), and metrics for generic cost of using Al (GCM). The first
two of these three groups of indicators, GAM and CTM, are functional which means they are related to the
specific function of the AIER, while the last group, GCM, is non-functional and not related to the function of

the AIER. The following is a detailed explanation of these three groups of metrics:

e Metrics that measure the generic performance of the algorithm (GAM): The GAM is a group of
functional metrics that are commonly used in Al algorithms to measure the performance of the
algorithm. For example, accuracy is the most common and important GAM for classification
machine learning algorithms, in addition to Confusion Matrix, precision, recall, F-1 score AU-ROC
are all common GAMs for classification algorithms [32]. After specifying the algorithm used in AIER,
it is possible to find the GAM for this algorithm and use the common metric in GAM to measure the
performance of this AIER.

e Metrics for completing the intended task (CTM): The CTM is a group of functional metrics that,
unlike the GAM, which has a clear definition and a uniform standard, is defined according to the
tasks of the AIER. For example, for an early warning system to detect learner problems at risk of

failure, accuracy as a GAM is important, however, how early alerts are generated is also an
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important indicator. An early warning system that is less accurate but produces alerts earlier may
be better. In this case, a CTM metric such as harmonic mean (HM) [30] can be found which
expresses the relationship between accuracy and time metrics. The CTM is closely related to the
task, and once a technical or educational task has been assigned to an AIER, it is possible for the
technical staff involved to help the user find a suitable CTM to measure the performance of that
AIER.

e Metrics for generic costs for using AI(GCM): The GCM is a group of non-functional metrics which
is not related to the function or technology of AIER but the cost for using this Al tools in education.
The GCM includes the time cost of running the AIER, the memory space, and even the price of
purchasing the AIER, etc. The selection and the important level of GCM are different from user to
user and from use case to use case. After specifying the user and the education environment, user

could select the GCM by the requirement from themselves.

As can be seen from the above explanation of the three groups of metrics that measure the performance
of an AIER, functional metrics require the help of a technician to find them, and non-functional metrics can

be chosen by the user. All these metrics help the user to select an AIER according to its performance.

Besides the performance of the AIER, the trustworthiness of the AIER is an important criterion for the
selection of an AIER [34]. Firstly, it is worth pointing out that AIER must be legal and ethical when used in
the field of education. Subject to human agency and oversight, subject to diversity, non-discrimination and
fairness, and subject to humanity are prerequisites for using AIER in education. Non-compliant AIERs are
out of the scope of our discussion. Secondly, subject to the above conditions, there are several measures

of the trustworthiness of the AIER based on the guidelines on the use of Al for Educators [31]:

e Technical robustness and security: This metric measures the robustness and security of the Al
technologies and algorithms used in AIER, including resilience to attacks, security and general
safety, accuracy, reliability and repeatability. Specific values of this metric can be presented to
teachers by technicians who find algorithm-related metrics based on the algorithms used in the
AIER.

¢ Privacy and data management. This metric measures AIER's use and management of private data,
including respect for privacy, what data is used, the quality and integrity of the data, and the
encrypted management of and access to the data. In Europe, the use of private data is subject to
the provisions of the General Data Protection Regulation (GDPR). In addition to this regulation, for

AIER private data can be processed in different ways, such as anonymization, encryption and

denial of access. The different ways in which data is handled provide different levels of data security.

This metric should be published by the supplier of AIER to teachers.
e Transparency: This metric measures the level of understandability of how the AIER works,
including traceability, interpretability, and communication. This indicator is more related to the

educational task that the AIER is intended to fulfil. For example, if the educational task is assessed
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by the student's learning behaviors, the internal mechanism of this AIER is about which learning
behaviors are selected and which parameters are used to generate the final report. If the final
assessment report given to the teacher shows these parameters, or if the introductory website of
the AIER explains the internal mechanisms of this AIER, this will help the teacher to understand
the possibilities, limitations and risks of this AIER in education. This metric depends on what

information the supplier of the AIER has published to the teacher.

As can be seen, these metrics are either interpreted by technicians or depend on public announcements
by the AIER supplier. It is difficult for teachers to measure the trustworthiness of an AIER and choose one
independently without other help. Therefore, this kind of help should be provided to them. This is one of the
issues that we are addressing in the Al4T project. Please note that these three metrics are also described
in dedicated layers in the template from AI4T project's 'Template for Al characterization' report to help
teachers understand AIERs and make their choices.

Co-funded by the R

Erasmus+ Programme o
_o of the European Union A

30



Al4T

Al FOR TEACHERS

5. Questions and Template

What teachers want to know when they use

Al tools.

In this section, we will summarize the problems that teachers want to know when using AIER in their work.
We will answer the common confusion about the use of Al in education through the content of this article.
At the same time, we have another Al4T project's 'Template for Al characterization' report to answer the

confusion of using specific AIER.

5.1 The common questions about Al in education

After the survey and analysis of AIEd, we summarize and answer the following questions which are what

teachers want to know and worry about Al in education for common AIER:

What is Al in education?

In the Section Background and Definition, we denote that Al in education is the ability of a digital computer
or computer-controlled robot to perform educational tasks normally associated with teachers or other
related educational group through digital information technology. The core is the educational task it
supports and the digital information technology it use. In this document, we limit the definition into AIER

(Artificial Intelligence Educational Resources).
How Al help my work?

The teachers’ work includes four domains, which are developing and issuing educational content; delivering
personalized instruction to each student; assessing and recording the learning process of students;
supervising students' learning environment. For each domain, there are several educational tasks. Al will
support teacher with different educational tasks and help teacher in four group of scenarios: Teaching
Support, Learning Support, Teacher Support, System Support. There are different scenarios in which Al
tools help teachers with different aspects of their work and there are different ways in which teachers can

use Al tools or decide on the output of Al tools.

What kinds of AIERs are teachers able to use now and in the future to get support? And how do

they work?
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research, we try to predict the development direction of AIER in the next five years.

How should | choose and trust Al tools?

In the Section Usage and Metric, we introduce the scenarios for teacher to use AIER in their work and we
recommend several measurements in terms of performance and trustworthiness of AIER. For performance,
we present metrics to measure the generic performance of the algorithm (GAM), performance metrics to
complete the intended task (CTM), and generic cost metrics to use the Al (GCM). And we point out which
parts of these metrics require technical staff support to present to faculty. For trustworthiness, we discuss
the robustness and security of the technology, privacy and data management, and transparency. And we

point out the support that these metrics need from AIER providers and technical staff to present to teachers.

5.2 Template for Al characterization

I--------------------l N N NN BN BN BN BN BN BN B S
| How Al can support teachers at their job? I | Template for Al characterization i
I Template Scenario I I I
I Usage Teaching Support I I Template
I User Learning Support List of questions I I Usage I
sk UEEEIET SOTET 1.\What is this AIER? o
I Technology System Support Decision level I
2 When could | use this AIER? I
l I l Personal data
3.Why should | use this AIER? I
Metric of i
1 pe:-:::a:-:e Metrie of 4 How could | trust this AIER? I U Data security I
I trustworthiness
GAM Transparency |
I S Personal data
I GCM Data security I I Technology I
I Transparency I I Algorithm I
l-—------------------l L-----------J

For better describe and classifying the AIER, in the Al4T project, we design a 3-class 7-layer template for

Figure 1: The relation between this paper and ‘Template for Al characterization' report

Al characterization.

First class answers how and why use this AIER: Usage layer to describe how the Al tool can help

the teacher, and Decision Level layer to describe how the teacher interacts with the Al tool, and

the proportion of the final outcome that is attributed to the teacher.
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e Second class answers the teacher's concerns about credibility: Personal Data, Data security and
Transparency layer to describe the input data used and the secure handling of that data, to make
it clear that Al tool s demonstrate the transparency and to help teachers trust in the security of Al
tools.

e Third class answers how the AIER work: Technology and Algorithm layer to describe the

approaches the Al tools used to reach its purpose and to help teachers understand how it works.

After the survey and analysis, we summarize the questions below are what teachers want to know about a
particular Al tool. In parentheses after each question is the corresponding layer of the template proposed

“Template for Al characterization” report, which can be used as a reference to answer this question.

¢ Whatis this Al tool? (Basic Information)

e Who is this Al tool for? (Usage)

e What aspect of my work can this Al tool help? (Usage)

e In what scenarios can | use this Al tool? (Usage, Technology)

e How much decision power do I have in using this Al tool? (Decision Level)

o What kind of personal data will this Al tool use? (Personal Data)

e |sthis Al tool safe to use? Is it reliable? (Data security, Transparency)

e s this Al tool trustworthy? Where can | get the relevant supporting evidence? (Transparency)
e What are the advantages of this Al tool when | use it in my work? (Technology, Algorithm)

¢ What Al technology does this Al tool work through? (Technology, Algorithm)

The template could be fulfill based on the information from the AIER public, then easily help teacher to get
the answer to the questions above. More detail of this template could be found in the 'Template for Al
characterization' report.
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