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Abstract

This paper presents a proposal of specific curriculum in Artificial Intelligence (AI)
for high school students, which has been organized as a two-year subject. The cur-
riculum was designed based on two premises. The first one is that, although the pro-
posal is targeted to scientific programmes, the involved students and teachers do not
have any previous knowledge about Al. Accordingly, the teaching units have been
designed with the aim of supporting teachers in a new discipline for them and, in
addition, providing an introductory level to students. The main didactical objective
is to establish the fundamentals of Al from a practical perspective, learning techni-
cal concepts by using them to solve specific problems. The approach that has been
followed in the teaching units is focused on developing embedded intelligence solu-
tions, that is, programming real-world devices which interact with real environ-
ments. To this end, and to address a second fundamental premise of low investment
capability at schools, it has been decided to use Smartphones as the central techno-
logical element to implement such embedded intelligence at classes. This curricu-
lum has been developed within the Erasmus + project entitled "Al+: Developing an
Artificial Intelligence Curriculum adapted to European High School". The project
was carried out by a team of Al experts and high school teachers who created the
teaching units, and a group of students that tested them for three years, providing
feedback to make the curriculum feasible for its introduction in schools in the short-
term. The main results obtained from its implementation within the project scope
are presented and discussed here, with the aim of contributing to the AIEd com-
munity progress by means of a practical pilot experience. Although the curriculum
has been designed and tested at European level, it has been created with a general
perspective of Al education, so it can be applied worldwide.
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Introduction

The relevance of Artificial Intelligence (AI) for education goes far beyond train-
ing Al engineers, which is itself essential, to include all school-aged young
people (Szczepariski, 2019; Ernst et al., 2019). There are two key needs in this
scope: to prepare all young citizens better understand how Al works for living in
a world increasingly impacted by it, and to train more of them for studying Al in
higher education. These two aspects are highlighted in recent academic literature
(Luckin et al., 2019) as well as the latest draft report published by UNICEF on
Policy Guidance on Al for children (Dignum et al., 2021) which emphasises that
children’s Al literacy and participation are being considered among their funda-
mental rights. In the particular case of Europe, the EU’s Digital Education Action
Plan 2021- 2027 (EC, 2021) proposes a long-term plan in digital skill training,
but it puts a special emphasis on developing formal plans for Al education at pre-
university levels, which affect compulsory schooling, and where adaptations of
existing university resources are not enough.

Consequently, there is a global need for creating formal curricula in the scope
of Al at pre-university education. This is a challenging goal that must be driven
by policy makers, and some remarkable initiatives have already started, as it will
be described in the next section. But, at the same time, education and Al research-
ers must contribute to this goal by developing and testing specific curriculum pro-
posals, so the global education community can take advantage from their experi-
ence. This is where the current work comes in by presenting the AI+ educational
project (Al+, 2022a).

Al+is an Erasmus+ project coordinated from the University of Corufia
(UDC), with the aim of developing an Artificial Intelligence curriculum adapted
to high school education in Europe. It has been carried out since 2019 by a part-
nership of six high schools from five different countries around Europe (Lithu-
ania, Finland, Slovenia, Italy, and Spain). The curriculum development is based
on the integration of knowledge and experience of Al experts from the Univer-
sity, both as researchers in Al and as professors for Al-related subjects, and high
school teachers. This way, the teaching units (TU) that make up the curriculum
are not simple adaptations of university resources, but completely original ones
designed in cooperation with teachers. The TUs have been tested by the groups
of students at the partner schools to obtain a reliable and feasible curriculum that
can be introduced in the formal teaching plans of European schools starting in
2022/23.

The current paper is devoted to the presentation of the main features of this
curriculum developed within the AI+ project, as well as the main application
results obtained with students and teachers. Specifically, the following aspects
will be described: (1) the Al topics selected to construct the curriculum at this
educational level, (2) the teaching methodologies that have been used, (3) the
temporal organization of the curriculum, (4) the obtained teacher’s feedback
and how it has been integrated, and (5) the main application results obtained the
scope of the project that support the curriculum design.

@ Springer



International Journal of Artificial Intelligence in Education (2023) 33:399-426 401

Similar Approaches

Introducing Al in pre-university education has been faced from different perspec-
tives. The most general and challenging one is that of developing a complete Al
literacy for future generations. Literacy has been considered as the ability to read
and write, but here it refers to digital literacy, more specifically “Al literacy is
the set of competencies that enables individuals to critically evaluate Al tech-
nologies; communicate and collaborate effectively with AI; and use Al as a tool
online, at home, and in the workplace” (Long & Magerko, 2020, p. 2). In this
scope, policy makers, global education institutions, and researchers in education
have been working from a global and general perspective, providing guidelines
applicable to any educational system (Vuorikari et al., 2022; Ng et al., 2021).

In a lower level, we can find curriculum development initiatives. The main dif-
ference is that these approaches are focused on Al training at particular education
levels (Yang, 2022; Lee et al., 2021; Chiu et al., 2022), assuming that they will be
part of a global Al literacy (digital education framework). In this case, it is com-
plicated to find homogeneous approaches that can be introduced worldwide, due
to the organization differences that exist in the pre-university educational systems.
One of the most remarkable initiatives in this line is the UNESCO report about
K-12 AI curricula (UNESCO, 2022, p. 6), which aims “to guide the future plan-
ning of enabling policies, the design of national curricula or institutional study
programmes, and implementation strategies for AI competency development”.

Secondary school (ages 15-18) has been one of the most active target levels in
this scope, mainly because these students have digital and mathematical skills ade-
quate for Al training, so short-term results can be obtained. In this level, we can find
official initiatives from education administrations that must be highlighted. This is
the case of China, where they have been teaching Al subjects in middle and high
school since 2019 (Knox, 2020); South Korea, where they have approved starting
with Al subjects in high schools in 2021 (Soohwan et al., 2020); India, which is
introducing Al in 200 secondary schools in a partnership with IBM (CBSE, 2022);
or Australia, which has funded the CSER K-12 Digital Technologies Education pro-
gram (CSER, 2022). Most of these approaches have been mainly developed by com-
puter scientists and experts in Al, adapting to secondary school the contents of the
Al courses and classical books like (Russell & Norvig, 2021), used at university
degrees. Their main drawback is that secondary school teachers and educators are
key for a feasible Al curriculum definition (Schiff, 2021; Miao et al., 2021).

The most remarkable approach in this line is the AI4K12 initiative from the
USA (AI4K12, 2022). It has three main objectives: (1) develop national guide-
lines for AI education for K-12, (2) develop an online, curated resource direc-
tory to facilitate Al instruction, and (3) create a community of resource and tool
developers focused on Al for K-12 audience. This initiative encompasses experts
from different fields in computer science and education worldwide, with the aim
of establishing a solid background towards Al teaching in pre-university educa-
tion. From the work of these experts, future formal curricula will be developed
with a solid pedagogical and technical background.
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The curriculum presented in this paper follows the same core principles as the
AI4K12 initiative, although it is not targeted to general secondary school, but
to a more specific type of student and teacher. It was decided to focus on second-
ary school (student age range 15 to 18) with a scientific speciality in order to sim-
plify the curriculum development, mainly due to their background in mathematics
and programming (logics). The main educational contribution of this work is the
development of a set of structured teaching units (TU) to introduce high school stu-
dents in the fundamentals of Al in a two-year subject, without requiring any previ-
ous knowledge of this topic. The TUs have been tested during three years with a
heterogeneous group of 30 students (on average), and with the contribution of 12
high school teachers, to make them feasible to be used in the short-term. Even in a
constrained scope, this type of operational educational initiative contributes to the
future development of Al education from a less theoretical but practical perspective.
The TUs are open at the results page of the Al + project (Al+, 2022b) so all the edu-
cation community can use them.

When developing a curriculum for any new subject, some key aspects must be
addressed: (1) the didactic objectives (concepts and skills that will be learned); (2)
the teaching methodology; (3) the specific topics that make up the syllabus (4) the
curriculum organization. They are described in the following sections.

Didactic Objectives and Methodology

It must be first established if we aim that the students “learn for AI”, preparing them
to understand what it means to live in a world increasingly surrounded and shaped
by Al or “learn about AI”, focusing on Al methods and techniques that require spe-
cific mathematical and programming skills (Holmes et al., 2019). The first approach
is targeted towards using Al-based tools and analyzing the consequences, so a less
technical background is required, and a wider audience can be reached. The second
is targeted towards understanding how Al systems work from inside, by program-
ming them, acting as engineers.

The curriculum presented here follows the second approach, with the premise
that knowing with more detail how to implement an Al system will provide a deeper
learning and understanding of what Al is and what it is not. Consequently, the basic
student work will be focused on programming simple Al systems. The starting
premise is that students have a background knowledge of mathematics (secondary
school level), and they also have some fundamental experience in programming.
This is a very relevant pre-requisite for this curriculum, and in the case that students
do not have such basic training, a specific course is proposed to be carried out before
starting with the TUs. However, the objective is not to acquire a deep knowledge in
Al techniques and methods, which would be feasible at this level, but to understand
the working principles of Al based systems by developing them, not only by using
them.

The Al teaching perspective followed in this work is mainly practical, based on
programming Al systems running on real-world devices and solving specific prob-
lems with them, what is known in the field as embedded intelligence (Alippi, 2014).
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This perspective of Al fits with the recommendations of the European Commission
(EC, 2018) for the future digital education plans, focused on “specific AI”, instead a
more theoretical and general perspective. It requires relying on some specific hard-
ware elements to implement the teaching material at class. To this end, a key prem-
ise in the project is that of using standard Smartphones as the central technological
element for all educational material to be developed. Current smartphones have the
technological level required for Al teaching in terms of sensors, actuators, comput-
ing power and communications; and they will have it in the future because they are
continuously being updated.

The TUs have been designed based on two operational premises, with the aim of
make them feasible for schools. Firstly, it is considered that students and teachers
do not have any previous background in Al. Hence, the TUs will address only fun-
damental AI methods, avoiding trending topics and popular issues that are not for-
mally established. Moreover, they will be designed for the teacher, to support them
in this new discipline, including simple theoretical material, clear recommendations,
solved exercises, and others. Secondly, it is also considered that schools are very
limited in terms of technical equipment for teaching Al, and they can manage a short
budget. This requirement is faced by recommending using the student’s Smartphone
to perform the TUs practical work, because a large majority of high school students
have their own one. This significantly reduces the cost of introducing this subject at
in regions with low economic capacity. It obviously opens the discussion of allow-
ing students to have their Smartphone at class. Our approach here is that it is basic to
make them responsible of a proper use for learning, and it is also important for their
digital education to realize the technical capabilities of these devices they use every
day.

Regarding the teaching methodology, the present curriculum follows a STEM
approach, since it requires knowledge from different disciplines to solve the practi-
cal cases, mainly mathematics, logics, and physics. Each TU presents a challenge or
project that must be faced by students through a cooperative project-based learning
(cPBL) approach (Kokotsaki et al., 2016), where students are organized in teams,
and they perform the six typical steps of an engineering project: (1) problem defini-
tion (specifications), (2) planning (tasks and subtasks), (3) schedule (time organi-
zation), (4) implementation (progress monitoring), (5) validation (solution assess-
ment), and (6) evaluation (presentation of results). This methodology is based on
a pro-active learning where the theoretical concepts are briefly introduced by the
teacher as they are required to solve a practical task (learning by doing), and it is up
to the students to consult the bibliography or ask the teacher at group level if they
require further knowledge. cPBL has provided successful results in previous studies
as a proper methodology to engage students in STEM subjects like Al (Beier et al.,
2019; Wan et al., 2022).

The review study of Al literacy developed in (Ng et al., 2021), concludes that
the most used pedagogical approaches in secondary/high school level have been
collaborative learning, inquiry-based learning, project-based learning, and con-
structionism. Consequently, following such cooperative PBL approach seems ade-
quate in this scope as an initial approach. Moreover, it has shown successful results
in STEM education (Capraro et al., 2014). It is also adequate for the specific Al
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approach commented above, where the main didactic goal is to solve problems with
Al systems.

Artificial Intelligence Topics for High School Students

Defining the set of Al topics that make up the syllabus that will compose the curric-
ulum is a key aspect. Al covers a wide scope, and the choice must be rigorously jus-
tified. In this proposal, 8 main Al topics have been included in the syllabus. Before
describing them, and why they have been selected, it must be pointed out that the
curriculum presented here is based on the concept of intelligent agent, illustrated
in the diagram of Fig. 1, which is explained to students in the introductory TU. In
this approach, an Al system is composed by an agent that is situated in an environ-
ment (real or virtual) where it operates. The agent is continuously interacting with
its environment in a cycle that is represented in Fig. 1 through the curved arrows.
Using the information obtained from its sensors in the Sensing stage, the agent
selects the most appropriate action (or actions) it should carry out to fulfill its goals.

> Acting 2
< ACting 7
\ Actions to execute in

the environment

Fig. 1 Basic components of an Al ecosystem
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Such action is executed in the environment in an Actuation stage, which modifies the
environment. Consequently, new sensing values can be obtained in the Sensing stage
that contain the changes derived from the executed action. The intelligent agent may
use this information to infer the relation between the applied action and the contri-
bution to the goal achievement. This cycle continues over time, and the agent can
learn from its experience in order to improve the action selection process.

This concept of situated agent is the formal representation of the embedded intel-
ligence approach established above for this curriculum. It is also the AI approach
followed by the most popular text books in the field like (Neapolitan & Jiang, 2018)
or (Russell & Norvig, 2021), as it can be read in the overview section of its last edi-
tion. Classical perspectives to education in Al where mainly focused on high level
processes that take place inside the agent, like knowledge representation, reasoning,
or learning, assuming that the sensing and acting stages work properly. The experi-
ence in fields related to applied Al, like robotics (Murphy, 2019) or ambient intel-
ligence (Gams et al., 2019), has shown that the considerations about real world sen-
sors and actuators must be included as a nuclear part of the Al literacy, because they
can induce restrictions to the higher level components.

To properly explain students what processes run inside the agent, and how intelli-
gent capacities are provided, the diagram shown in Fig. 2 is presented to them in the
introductory TU. It is a schematic of the main operational processes that make up an
intelligent agent, taken from classical text books (Russell & Norvig, 2021; Murphy,
2019) and adapted by the authors of the current work based on their experience in
applied Al (Bellas et al., 2010; Duro et al., 2019).

Five internal processes or operational blocks, linked to Sensing and Acting, have
been considered:

1. Motivation: the agent must have some type of motivation to operate, that is, the
system must fulfill some goal. The motivation can be imposed by the designer,

Fig.2 Main processes in an intelligent agent from an operational perspective
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or it can be learnt by the system, which implies a higher level of intelligence, as
explained in the Artificial General Intelligence (Goertzel, 2016) or cognitive agent
(Baldassarre & Mirolli, 2013) bibliography.

2. Representation: the information coming from the sensors must be stored in the
computational system under some type of representation, which is very important
in order to simplify the remaining processes (reasoning and learning mainly).

3. Learning: every intelligent system must learn from experience. This feature is
very relevant, because it provides the capability of adapting to new situations,
and consequently, being really autonomous.

4. Reasoning: the agent must select the action to be applied in the environment fol-
lowing some type of decision process, from a very simple reactive decision, to a
very complex one, using internal models, planning, optimization, etc.

5. Memory: it is mandatory that an Al system has different types of memory ele-
ments to store the models that are learnt, the representations, and other important
data that could be useful in the future to avoid re-learning.

Each of the processes that are displayed in Fig. 2 must be present in the imple-
mentation of an intelligent agent, although their complexity level can go from very
simple to very complex, leading to a more or less autonomous response. Accord-
ing to this approach of situated intelligent agent, with the main blocks displayed
at Fig. 2, the Al topics that should be introduced to students can be now properly
defined.

The Eight Al Topics

The curriculum presented in this work proposes the following 8 Al topics to be
addressed in the TUs:

1. Perception: The first topic is focused on the information the agent can obtain from
its sensors. It is very important that students distinguish between perception and
sensing. While sensing, in this scope, refers to the process of measuring data
with a sensor and store it in digital form, perception is the extraction of meaning
from such stored data. In this topic, teaching will be focused on the fundamentals
of sensors and perception processes more widely used in Al, mainly computer
vision, sound and speech recognition, and tactile interaction.

2. Actuation: an actuator is a component of a machine that is responsible for mov-
ing and controlling a mechanism or system, like a motor. In simple terms, it is
a "mover". Actuators are very common in Al systems that must operate in the
real world, because they have to deal with electro-mechanical components to
performs actions. In the scope of Al, a more general concept of actuator must be
considered, not only motors. Students must understand that, in Al, an actuator is
every component capable of performing an action, like speakers and LCD screens,
which can be used to perform a communicative action.

3. Representation: the information that is internally used by the computational sys-
tem that supports Al can be stored in different ways. This representation is very
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important in order to simplify the remaining processes that are carried out, like
learning and reasoning. Students will learn the basics of representation, and how
the raw sensorial information can be processed to be properly managed by the
computational system. This topic implies learning the conceptual differences
between symbolic and sub-symbolic representation, and implementing some sim-
ple approaches like graphs, trees, or 2D grids.

4. Reasoning: the process of selecting the action that must be applied to fulfill the
system goals can be simple, a reaction or rule that selects the action from the
perception, or it can be more complex, implying a search process over models and
representations. That is, prospection and evaluation. In this educational level, only
simple reasoning techniques will be introduced in the scope of problem solving
in computer science, like graph search, decision trees, or simple rules.

5. Learning: the topic of machine learning is fundamental in this curriculum. Stu-
dents will learn the basics of supervised, unsupervised and reinforcement learning
from a practical perspective. They will implement simple programs that perform
data preparation, model training, model testing, and model application in a real
problem.

6. Artificial Collective Intelligence: future Al systems will be interconnected creat-
ing a collective intelligence network. The fields of Ambient Intelligence (Aml)
and Internet of Things (IoT) encompass this Al approach. On them, distributed
sensors and actuators are situated in open/closed environments and through a
coordinated communication, they are able of performing different tasks. Smart
home, smart industry, and smart city are very relevant application areas that
students must know. In the curriculum, these topics will be addressed from the
perspective of multi-agent systems (Weiss, 2016).

7. Motivation: this is an open topic in Al, related with Artificial General Intel-
ligence, but students should understand how a motivated Al system will work,
and how it can be controlled by the human. As a consequence, in this topic, we
will address aspects like learning by demonstration, learning by imitation, or
intrinsic motivation from an introductory perspective. As it is complicated to
work in practical aspects of motivation at this education level, it will be trained in
a more unplugged fashion, promoting reflection and discussion about its ethical
consequences.

8. Sustainability, ethics, and legal aspects of AI (SEL): the impact of introducing Al
at many social levels will bring up new benefits and drawbacks that must be faced,
and students must be aware of them (Holmes et al., 2021). The ethical aspects
and the legal issues behind Al will be trained in this topic. Moreover, the sustain-
ability and carbon footprint associated to Al technologies must be discussed too.

Figure 3 diagram displays a diagram of a global Al ecosystem where the 8 topics
established above are present and interconnected. Sustainability, ethics, and legal
aspects of Al surround the ecosystem representing its impact over society, that is, the
real world outside it. Inside the blue square, each semi-sphere represents one intel-
ligent agent, and the arrows correspond to the communications between them, which
lead to a network of agents (multi-agent system), a topic that will be trained in the
specific Artificial collective intelligence TUs of the curriculum. Each single agent
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Fig. 3 Topics included in the curriculum represented as an Al ecosystem

in the diagram takes information from the environment (perception) and performs
actions on it (actuation). Inside it, a layered structure has been used, being the most
external one the representation layer, which is directly connected to perception and
actuation. Next, the learning and reasoning layers are at the same level, because
both use the representation to create models, and they can co-exist (using learned
models for reasoning) or work independently. Finally, in the core of the agent, the
motivation layer has been included, representing that it controls the overall operation
towards an objective.

It can be observed that all the blocks displayed in Fig. 2 are topics that students
will study in the curriculum, except that of memory. It is a key element in an Al
system that aims to be fully autonomous, because it supports open-ended learning,
operating as a core element that manages the acquired knowledge over time (Becerra
et al., 2021). But a proper implementation of a memory system is out of the scope
of this education level. It would imply dealing with topics like short-term memory,
long-term memory, information storage and retrieval, context detection, and others.
Anyway, students will use simple memory elements to store information (obtained
from the environment or from other systems) and models (used in representation,
reasoning and learning) in most of the TUs.

As commented in the introduction, the most relevant initiative for the develop-
ment of formal Al curricula for secondary school is that of AI4K12 (2022). They
propose 5 Al topics as the core knowledge students must gain at this level: percep-
tion, representation & reasoning, learning, natural interaction, and societal impact.
The results obtained in this initiative have been taken as reference by global institu-
tions like UNESCO (2022). This selection of topics was taken as an inspiration for
the Al+ curriculum too, with some variations. Perception and natural interaction are
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considered in the current proposal in the topics of perception and actuation, with a
more general perspective than just dealing with humans. Representation and reason-
ing have been maintained in the current curriculum too, although as independent
topics. It is clear the dependence between them, but as representation affects to other
processes, like learning, it was decided to keep them separated. Learning and soci-
etal impact are key topics, and they are covered both in Al+and AI4K12. Finally,
the AI+ curriculum includes two topics not considered in AI4K12, namely, artificial
collective intelligence and motivation. They are strongly related to the future impact
of Al so they can be easily incorporated in discussion and reflection sessions.

Apart from AIK12, after reviewing those formal curricula proposals that provide
open information about their syllabus, it can be concluded that the specific Al top-
ics they cover are heterogeneous, and they do not approach Al education in such a
general way. This is a consequence of the different educational systems, specializa-
tions, and didactic objectives of each area or country. Generally speaking, we can
find three main approaches: the first one is mainly targeted towards machine learn-
ing and data science (CBSE, 2022; Lee et al., 2021), the second one is focused on
Al-based technologies and applications (computer vision, natural language process-
ing, human—machine interaction) and their ethical implications (Miao et al., 2021;
Vuorikari et al., 2022), and the third highlights those topics typical from robotics
(Chiu et al., 2022; Knox, 2020), because these devices are used at class. If we move
to education companies and private initiatives like (AI4ALL, 2022; ReadyAl, 2022;
ISTE, 2022; Ericcsson, 2022; CODE, 2022), we can find a wider scope in Al topics,
as these approaches follow more general education levels towards Al teaching.

Summarizing, the 8 topics proposed in this work cover the main processes
involved in the operation of an intelligent agent, and they are very similar to those
selected in the most relevant initiatives in the field.

Curriculum Organization

The previous 8 topics will be trained with students organized in 5 levels of incre-
mental complexity (see Fig. 4). The first one, focused in establishing the Al scope
explained before, will imply web search and investigation, with the aim of show-
ing students real applications in this field. From the second level to the last one,
which make the core of the curriculum workload, real problems belonging to three
Al application fields will be addressed by the students in the TUs: intelligent smart-
phone apps, autonomous robotics, and Internet of Things (Ambient Intelligence).
Although many other application areas could have been selected, these are very rep-
resentative of current embedded intelligence domains, and all of them can be devel-
oped at schools using a Smartphone. Figure 4 displays, in the right part, an arrow
representing that SEL topic will be included in the 5" levels by means of different
discussion and reflection activities.

In the three main application fields, students will have to implement programs
to solve specific problems. To develop intelligent smartphone apps, it has been
decided to use the MIT App Inventor environment, and the available modules
for Al (App Inventor, 2022). Regarding autonomous robotics, smartphone-based
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Fig.4 Curriculum organization in terms of the application fields

robot Robobo (2022) will be used. Due to the technological capabilities of this
platform students will train their skills on most of the Al topics explained above,
both in real and simulated cases (Bellas et al., 2017; Llamas et al., 2020). Finally,
for the IoT field, the Home Assistant framework (Home, 2022) will be used,
which supports android libraries too.

Figure 5 shows a table with the timeline of the proposed curriculum. It covers
two academic courses, each of them lasting 32 weeks, with 2 h of teaching per
week associated to this subject. The curriculum has been divided into 17 TUs,
implying a variable number of classroom hours. As it can be observed in the fig-
ure, for the first year, there is an initial set of 6 TUs where the 8 Al topics, but
motivation, are covered in an introductory fashion. TU1 is focused on provid-
ing students with an overview to real applications of Al, in which they have to
perform an oral presentation with details about one of them. From TU2 to TUS,
students implement smartphone apps through App Inventor that are tested in the
real world (Guerreiro-Santalla et al., 2021, 2022). To properly carry out these
TUs, we have included an App Inventor Tutorial before TU2 to train students in
the basics of this tool. TU6 provides an introductory view of the social impact of
Al It is implemented through a web search and investigation task, in which stu-
dents must create an infographic using the Genial.ly web tool. From TU7 to TU9
students go deep in intelligent robotics using the Robobo robot with Scratch. All
of them had previous experience in this programming language, which allowed
to focus more on Al concepts. Finally, TU10 implied another web search and

@ Springer



International Journal of Artificial Intelligence in Education (2023) 33:399-426 411

Level Unit Topics Tool Hours Weeks Project
| 1 Al Introduction Google Slides 4 2 Web search real Al application
| App Inventor tutorial 8 4 -
| 2 Perception and Actuation 6 3 The School Path Guide |
} 3 Representation and reasoning App Inventor 8 4 The School Path Guide Il
| 4 Learning 8 4 Capture it |
o \ 5 Collective Intelligence 4 2 Capture it Il
Q | 6 Sustainability, ethics and legal aspects Genial.ly 4 2 Myths & Truths
5 Total 42 21
=
c
7 ption and ion (IR-mot ) Robobo8 6 3 Open-ended movement
Basic Robotics 8 Perception and Actuation (orientation-camera) Scratch 6 3 Color search and collect
Natural interaction (screen, speaker) 8 4 Robobo pet
10 Human-robot interaction (Impact of Al) Podcast 2 1 Al tutoring systems
Total 22 1"
TOTAL 64 32
Python fundamentals 10 5 -
1 Transition from Scratch to Python R 8 4 TU7 & TU8
Intermediate 12 Advanced perception & machine learning Python 8 4 Recycling
Robotics 13 Reinforcement Learning 8 4 Coverage with Q-learning
5 14 Representation & Reasoning 10 5 Path Planning
(=] 15 Motivation (Impact of Al) Canva 4 2 Artficial General Intelligence
3 Total 48 24
b
L Home Assistant Tutorial Home Assistant 4 2
16 Ambient Intelligence Hom&ePA;:)sr:an( 8 4 Classroom automation
17 Smart Environments (Impact of Al) Thinglink 4 2 Sustainable Development Goals
Total 16 8
TOTAL 64 32

Fig.5 Timeline of the Al curriculum

investigation task related with the ethics behind human-robot interaction and Al
tutoring systems.

The second year is more technical than the previous one, and it implies students
to solve more challenging projects using Python language. To smooth the transi-
tion from Scratch to Python, a specific introductory TU has been included (TU11),
which faces the same project as TUS but with the new language. As tested in the
workshops carried out with students in the project, this is enough for those with high
skills in programming, or with previous experience in text-based programming. But
for the majority, it is recommendable to carry out a specific training in Python fun-
damentals, as the one proposed in Fig. 5 before TU11 with a minimum of 10 class
hours. However, it must be pointed out that this is not a programming curriculum,
and the TUs include programming templates and external libraries that simplify the
solution achievement. TU12, TU13 and TU14 continue to focus on autonomous
robotics, and go deeper in very relevant Al methods like reinforcement learning,
planning, and object recognition with deep learning. TU1S5 is, again, a web search
and investigation task related with the field of Artificial General Intelligence, and
intrinsically motivated systems. Finally, the two last TUs are focused on Artificial
Collective Intelligence. On TU16 students create simple python scripts through
Home Assistant and a specific library developed in the Al+scope. The challenge
is to automate a classroom management system using CO2 level and ambient light
sensors, together with a fan, a speaker and lights as actuators. The Robobo robot was
also included to create a richer collective Al system. Finally, in TU17 students must
investigate the UN’s sustainable development goals to create an interactive visual
tour with Thinglink showing the potentially of Al to deal with such goals.
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As it can be observed in Fig. 5, the 8 established topics are not covered with
the same depth. In this sense, perception, actuation, machine learning, and SEL
have been considered the most relevant topics at this education level, and they have
a higher associated workload. All the TUs have been tested in the realm of the
Al +project and they can be downloaded at (Al+, 2022b). On them, the specific
challenges are described, and materials for teachers and students are available.

Teaching Unit Organization

All the TUs include a pdf file that represents a teacher guide, and a second one that
represents student’s activities. There is a TUOQ that has been created only for teach-
ers where the curriculum organization is detailed, including methodological aspects
(Al+, 2022b). Apart from this TUO, in all the remaining ones, the teacher guide is
composed by the following sections:

1. Introduction: where an overview of the topic to address in the TU is provided
to engage students, including a brief description of the challenge scope and its
real applicability.

2. Context: where the prior knowledge required by the students in order to properly
follow the TU is established.

3. Learning objectives: where the pedagogical goals of the TU are formalized,
organized into specific (those related to Al) and transversal (those related to
other subjects or skills) concepts.

4. Contents: where the specific Al concepts to be studied are specified.

5. Temporary organization: each TU is organized into activities, which finish with
a deliverable that must be evaluated by the teacher. Each activity is organized
as a set of tasks, which are milestones that must be followed to reach the final
objective. This temporal organization of the challenge into tasks is provided to
the teachers, although the recommendation is that the students generate it by
themselves, as time management it is a key competence in the PBL approach.

6. Necessary resources: the hardware and software elements required to complete
the TU are detailed.

7. Bibliography: the general bibliography covering the TU contents is provided,
together with links to multimedia material.

8. Groups: a feasible distribution of students into groups is proposed consider-
ing the challenge to be carried out in the TU. In this sense, TUO provides a
description of possible roles to be considered (Time Manager, Programmer and
Hardware Manager).

9. Challenge / Project: this section is the core part of each TU. It contains a
description of the challenge (project specifications are provided in the text and
clarified by means of a video with the expected functioning of the solution),
the theoretical concepts to be introduced by the teachers, the work to be carried
out by the students, the description of a possible solution, and the proposal of
how to evaluate each task. It must be pointed out again that the TUs have been
designed for the teacher, so they are responsible for reading, testing and adapt-
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ing the contents to their specific group of students. However, although they
are free to adapt the TU, some relevant aspects must be preserved: the project
specifications (how the solution must work), the teaching methodology (learn-
ing by doing), and the specific learning objectives. A possible solution to the
challenge is explained in this section to help the teacher, but it is not intended
to be provided directly to the students. The degree of guidance that each teacher
decides to use with the group is out of the scope of this work.

10. Evaluation: a proposal of specific values for the rubrics is provided, as well as
an example of the final questionnaire to be filled by the students.

11. Complementary activities: thinking of students that are able to finish the chal-
lenge early, a set of complementary activities are included at the end of the
TU. They are improvements to the challenge with varying complexity that the
teachers can propose.

12.  Annex: the annexes contain technical details regarding the solution program, or
other specific aspects covered in the TU, but considered as additional.

All the details of these sections are available at (Al+, 2022b), but for the sake
of clarity, Table 1 shows the learning objectives of the first year TUs. It can be
observed that most of the specific items are completely new for this education level,
but transversal ones should not, so with the TU completion they will be reinforced.

Evaluation

Although evaluation is open to the teachers’ criterion, in the Al + project, a specific
proposal for the evaluation of the TUs has been created. It has been designed follow-
ing general recommendations in STEM bibliography (Capraro & Corlu, 2013), and
integrating the feedback provided by the teachers involved in the project.

To evaluate the TU comprehension by the students, two main aspects should be
considered:

1. The correct functioning of the program: the TUs rely on a challenge/problem that
must be solved in the real world. Therefore, students may focus their efforts on the
reliability of the program they develop, which must verify the TU requirements.

2. The understanding of the Al concepts of the TU: apart from achieving a reliable
solution to the challenge, students must learn the underlying Al concepts, so
that they can extrapolate them to other problems. In this sense, every TU deals
with the fundamentals of a given topic, so the concepts to be evaluated are very
specific.

To achieve a proper evaluation of these aspects, three main methodologies are
proposed:

1. Final test of the program: at the end of the TU, each group must show the opera-
tion of the program in the real world. The teacher must perform a program check,
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reviewing if all the expected features of the program have been achieved, and if
it solves the problem reliably. In every TU of this curriculum, there is a section
devoted to evaluation, with specific features that must be controlled. In addition,
the students must submit the programming code of their solution, so that the
teacher can execute it, if required. As this is not a programming curriculum, the
evaluation emphasis will not be on the code quality, but in its operation.

Final test of theoretical concepts: at the end of each TU, the students must fill a
short survey in class that will focus on the main Al concepts addressed during it.
This survey will be included in the evaluation section of every TU.

Ongoing work during the TU: apart from the final result of the TU, it is important
to evaluate the “path” followed by the students during the TU completion. This
is in accordance with the cPBL methodology we propose, because it is important
to evaluate the participation of each student in the completion of the challenge.
To this end, individual rubrics that the teacher must fill every week are proposed.
They are specified in each TU, but in general terms, the main aspects to consider
are those shown in the table of Fig. 6. It is a holistic rubric that does not focus on
the specific Al challenge, but on the overall skills of the learners (Moskal, 2000).
The task is considered as a whole in which individual deficiencies do not affect
the overall quality of the activity (Huang & Jong, 2020).

Level (score) /

Aspects to be
evaluated

Expert
(6 points)

Competent
(4 points)

Partially competent
(2 points)

Not yet competent
(0 points)

Seeks information for

Seeks information for

Never seeks information

Adequate Rarel k
q. before asking the before asking the . arg VEILE autonomously. Always
selection of information for before
A . teacher. Rarely needs teacher but often asking the teacher asks the teacher
information external help. needs external help. 8 : directly.
Manages the time very Does not manage time
. well and can help the Manages the time well e Does not manage time
Time very well and
t rest of the classmates although usually sometimes finishes very well and hardly
managemen when finishes before the | finishes right on time. . ever finishes on time.
. after the deadline.
time.
Usually understands GiEmeooes
Always understands N understand what they Is hardly ever able to
Design and what he/she needs to be . must do and/or is . v X
q . and is able to implement effective and
construction of done and implements . " often unable to X N
. ossible and effective implement possible implement possible possible solutions for
the solution P . and effective solutions P P . the resolution of tasks.
solutions. . and effective
most of the time. .
solutions.
Develops very creative .
roject. Following the Develops creative Develops projects
’.) ) - g . P which fits the Has limited him/herself
instructions provided projects although . .
. . proposal, with some to following the
Creativity has been able to make some of the ideas X . ) N
L creative element but instructions. Unoriginal
an original product that could have been .
could have taken project.
stands out from the rest better developed. .
more out of it.
of the groups.
. . Dialogues with Dialogues with their Little dialogue with
Dialogues with group
colleagues. Knows colleagues but do not colleagues. Does not
colleagues. Knows how N
X how to defend his/her always know how to know how to defend
oldetendhi ey osition and although defend his/her his/her position or does
Teamwork position and accepts P 8 P

other proposals. Knows
how to reach group
agreements.

accepts other
proposals. Does not
always reach group

agreements.

position or accept
other proposals. Does
not usually reach
group agreements.

Fig. 6 Individual rubrics proposed to evaluate the ongoing work of the students
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As the students advance in the curriculum, the TUs become richer and longer,
implying a larger number of activities. From the PBL perspective, they are suita-
ble for developing a final dissemination work by the students where they formalize
the steps followed to achieve the goal, the problems encountered, and the solutions
provided. It is recommended that teachers propose different activities in different
groups of students. For instance, one group could perform an oral presentation,
another could make a video, create a podcast, a blog entry, and so on.

Summarizing, each TU contains a proposal for teachers about its specific evalu-
ation. It is based on 5 items, and the following percentages in the final assessment
were agreed:

The program is functioning correctly (at the end of the TU) — around 50%
The submission of the programming code (at the end of the TU) — evaluated in
the previous item

e The filling of a survey with theoretical contents (at the end of the TU) — around
20%
The filling of individual rubrics (every week) — around 30%
Optional: a dissemination work (at the end of the TU)

Teacher’s Feedback

What makes the current curriculum proposal feasible to be implemented in high
schools in the short-term is the integrated work of Al experts and secondary school
teachers during the three years of its duration. Teachers in the six partner schools
have been filling out a feedback form (shown in Fig. 7) as they implemented the TUs
with their students. These forms were analyzed by the UDC team to homogenize
the comments and an online group meeting was later carried out to agree the final
changes and improvements to be performed to the TU.

Figure 7 contains the form received from one of the partner schools in TU2. It
has been included as an example of the type of comment received. The remaining
ones are available at https://cutt.ly/wDO1JLp, where it can be observed the heteroge-
neity of feedback, and how different teachers rely on different aspects.

Following this process, the following changes have been made to the first version
of the TUs:

e Context: the background knowledge regarding programming was adjusted in
order to include only block-based programming, removing text-based program-
ming, which will be introduced in robotics TUs in a progressive manner.

e (Contents: specific tutorials about App Inventor were included in the TUs as
requested by the teachers, together with a timeline to include them in the curricu-
lum.

e Temporary organization: the feedback provided in this aspect was very het-
erogeneous, depending on the student’s previous skills on programming and
age. However, in general, the duration of the TUs has been increased by 50%
with respect to the original one proposed by the UDC team. This information,
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TEACHING UNIT 2 — ACTUATION AND PERCEPTION

Please, enter any co

mment you have on the general sections in order to improve them

ACTIVITY 1

Temporary organization

Activity 1. Task 1 and Task 2, time planning is enough because they
have previously done a similar exercise.
Activity 2. Task 1, 2 and 3. We think that this activity requires a lttle
more time, perhaps a session for adults.
From the programming of the compass it seems to us something
insufficient, especially because they need to first acquire technical

solution (objective
clarity, difficulty, others)

Introduction Not bad. We think that the goal of unity is achieved. Correct duration? | RYes OINo, it's necessary
i ing i Theoretical informati
p—— As expressed at this point, prior knowledge of programming in App eoretical nformation | e o™ et need
Inventor is necessary. provided

e At the Spanish level we would add greater oral and written At the teaching level, it is easy to follow and there is no undefined
peambeloblectives of English. step, which, when it comes to making the unit for its understanding,
Content: We find it an affordable task, even though activity 2 was somewhat greatly facilitates the work of the teaching staff. At the aesthetic level
ontents guided for most of the group. It can influence the _current situation. Proposedtaskand | ™ ffered, it y complete, although there are

certain physical concepts that students are not able to assimilate.

At the level of lighting, this activity 1 should not have difficulty under
normal conditions. The resolution is clear and very guided from the
template which, by the way, is very useful to them.

In addition, they already did a similar previous activity and that helped
them in the resolution.

ACTIVITY 2

concepts that they do not know and the must be

case, we have provided them with another not so technical but

solution (objective

omething guided by the teaching staff, not totally Correct duration? | OlYes RNo, it's necessary 2 extra hours
Necessary resources | Most of our students have the required resources. T"'eﬂm;c':ii:z""aﬁm REnough  ONot enough, | need
T“f "":""F':""V "‘:‘ opears °°;": 7is s “”;“‘ b“a‘l”e it """5 At the faculty level, we found this activity equally easy to follow. It is
::sve"‘oz'r":e‘r’sl":;‘é :;t:;‘:t udae:;s ut are videos of general concepts very well explained and there is no doubtful step left or without
e students. ) information.
However, the more technical videos on the operation of the gyroscope At the student level, we believe that the most complex part was task1,
and magnetometer of the Activity 2 — Task 1 are Compie’(_ to compass programming, because although they understand the
understand, since concepts such as vectors, angular velocity, general physical concept, translating that to programming in App
Coriolis effect, Hall effect, etc., do not yet know them. In this Proposed taskand | Inventor cost them work.

Most of the students needed guidance from the teachers to do it,

BRIECEE Y that make clear the work of each of these sensors without | | clarity, difficulty, others) | although there 1studentand 1 )
getting Into very complex physical concepts for them that are totally autonomous and another student almost autonomous.
not seen n this educational stage. We think that most of the students do not stop to investigate and are
N b/t already tired at this point of the course. We believe that this TU2
11 s s would have been easier in person and we even thought that it would
Regarding the videos of the Activity 2 - Task 2 are affordable for have been completed autonomously by a greater number of
them, although we think they do not stop to watch them. alumn@s.
Please, enter any comment you have on the general sections in order to improve them
Due to the current situation of the centers, this part was not raised
Although this TU2 has been carried out individually and with online Evaluation to the students, we will only pass the Kahoot, alfhough being
Group organization | "IN ideoconference o slve doubs and guide them),this Dropesed volunarly. not ol the students pacticipated.
organization in pairs (in case of face-to-face sessions) seems perfect, Complementary Not solved due to lack of time. In any case, to carry them out, they
with of roles in each work session. activities would require another session to majors.
They found the challenge interesting and even useful to use in their The extra information it contains is appreciated. They complete the
schools. They accepted the challenge of carrying out the TU2 online Annexes unit and facilitate the work of the teaching staff.
without any problem.
Challenge They understood the objective of it and, in this case, they understood
(Adequacy totopic, | much better the concept of perception and performance in an Al
Motivating for students, | System.
others) During this TU2 and, despite being done online, we found the students

who voluntarily carried out the activity, quite motivated. Anyway,
they are already tired with the workload of the school and do not ask
the doubts. This negatively influenced the group's particip:

Fig.7 Example of teachers’ feedback form for TU2

obtained from the real application of the TU with students, is very relevant to
create a reliable subject that can be taught in two academic years.

Necessary resources: all the feedback in this aspect was very positive, and the
use of the student’s smartphone during classes did not imply any problem.
Bibliography: classical Al books and texts were found to be too complex for
secondary school teachers. Until now, few books, tutorials or specific courses
adapted to this level have been published, so most of the references were
extracted from websites, videos and other digital publications. This selection
was criticized by some teachers because these references could change in time
or become outdated soon. As a consequence, the bibliography is in a continu-
ous update and improvement process in order to avoid such problems.
Challenge: the teacher’s feedback in this core section of the TUs implied a
main improvement, apart from specific aspects of the technical solution pro-
posed by the UDC team. Namely, two levels of student’s guidance have been
included: a higher one, where more information is provided to complete the
challenge, and a lower one, where more room is given to their creativity.
Evaluation: the main improvement in this aspect has been that of reducing the
complexity of the rubrics, which originally included several items to be moni-
tored by teachers during the completion of the challenge.
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Application Results

During the three years of the AI+ project development, five special training
activities were carried out, involving all the students enrolled in the project
working together on the same TU. An average number of 30 students from the
6 partner schools attended them. These activities were implemented as practical
workshops with a duration between 6 and 12 h, divided in 2-3 sessions. They
were leaded by the UDC team who developed them following the previously
presented teaching methodology. Due to the pandemic, two were held in online
fashion, while the other three were in person, but in all of them, the working
groups were heterogeneous, mixing students of different nationalities.

Figure 8 shows the students’ answers to some technical questionnaires car-
ried out in these training activities. Each of them was composed by 10 ques-
tions of different typology. Due to space restrictions, only two of them have been
included for each activity, but they are representative of the remaining. It must
be pointed out that the students did not have any previous knowledge about the
topics covered in the workshops, and the answers were obtained in the last ses-
sion. The first two questions correspond to machine learning (TU4), the second
pair to ethics (TU6), the third one to natural interaction (TU9), the fourth to
computer vision and robotics with Python (TU10), and the last two, to reinforce-
ment learning (TU11). A general analysis of the answers shows that most of the
30 students understood the technical issues behind each topic. This is clear, for
instance, in the two last questions related to Q-learning, which is a quite com-
plicated and totally new algorithm for them, and yet most of the answers were
correct.

Consequently, we can conclude that the engineering approach to Al teaching
focused on embedded intelligence and learning by doing, provided successful
comprehension results. This is an interesting outcome, because students without
previous training in Al and without relying to specific theorical lessons, could
acquire fundamental Al skills by developing the challenges.

Regarding teachers, Fig. 9 contains the results obtained in the final survey
filled at the end of the project. Most of them agree with the practical methodol-
ogy followed in the project, including the use of real-world devices like smart-
phones and Python language, although they point out that it takes more time to
students to advance. Consequently, the number of different topics that can be
trained is lower than following a more traditional methodology, or even follow-
ing a user-based perspective, but they are retained more robustly.

In more general terms, teachers that were enrolled in the project feel confi-
dent to teach AI, mainly through dedicated subjects, but many of them not in
the short-term. This is the situation of many secondary school teachers, that
are interested on teaching Al, but they do not have the appropriate background.
Hence, it seems mandatory to include specific teacher training and adapted
materials in the digital education plans.
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TU4 - Supervised Learning

The steps to follow to learn a model are:

Prepare the data, train the 6,7%
model and use the model
+ Prepare the data, train the
model and use the model
Prepare the data, test the
model and use the model

TUG6 - SEL
Do you think Al should be regulated by law?

+ No, because it does not
require specific laws
Yes, Al will open new

* problems that must be
regulated

*

*

7,7%

ﬂ

TU9 — Human Robot Interaction

* Maybe, but I'm not sure

What is natural interaction in the field of Al?

. Atype of interaction that it

not artificial ‘
+ Atype of interaction that is ‘
similar to that of humans

+ Atype of interaction that is
based on computer vision

TU11 - Computer Vision
Image segmentation is typically used to detect...

* Objects

* Brightness and contrast

TU13 - Reinforcement Learning
A Q-value indicates...

* If the robot will crash

* The new reward

%

* How good an action is

Fig.8 Students’ answers after TU completion

@ Springer

TUA4 - Supervised Learning
The value that provides the probability of
recognizing an object is called...

* Information value

&

* Confidence value

* Error rate

TUG6 - SEL

Do you think Al can influence our tastes?

3,8%

fue

TU9 —Human Robot Interaction
Human-robot interaction is a multidi
field, because:

It involves sensing obtained
from cameras, microphones,

5,9%
and tactile screens "
4+ timplies using motors, faces
and speech
It involves knowledge of

. computer science, natural
language processing,
psychology and engineering

TU11 - Python

hon language is adequate for Al

* Yes
* No

* I don't know

iplin.

Do you think

learning?

* No, | prefer Scratch

+ Yes,and | would like to learn
more

* Yes, but it is very complicated

TU13 - Reinforcement Learning

Q-learning algorithm adjusts...

* The rewards

* The states

* The Q-values
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Teachers survey

Do you think that teaching Al at pre-university

Teachers survey

In case of introducing Al training at pre-university

Teachers survey

From your experience in the Al+ project, which

met ical approach do you think is more

level is relevant for students?

Yes, but in a few years.

Yes, and it should be
incorporated as soon as
possible.

*

Not really, we should wait
until the field progresses
more.

*

Teachers survey

All the teaching units in the Al+ followed a

level, which approach do you think is better?

Through dedicated subjects in
the last years, as in the case
of Al+.

/

Integrated in technological /
scientific subjects.

*

Integrated in most of the
subjects, even in humanities.

*

Teachers survey

The Al+ project followed a teaching approach to Al

project-based learning approach, do you think it

is correct for this type of subject?

Yes, it helps students to
learn about the real
problems of Al.

Yes, but it is not necessary ol

in all the topics.

*

No, it is not necessary to
integrate Al with
technological projects at
this level.

Teachers survey

*

Do you think is it necessary to have a
programming background before learning Al?

based on programming real-world devices. What
was your experience?

It is important for students,
but it takes a lot of time,

which compromises the
progress.

It is not necessary, they can
learn the same using only
computer-based simulations ™"
or apps.

*

I think it was perfect
according to the technical
background of the students.

*

Teachers survey

What do you think about using Python in Al
training with students?

No, it is not necessary,
students can get it in Al
specific subjects.

Yes, because the progress ‘
in specific Al topics will be
greater.

*

I don't think that
programming is necessary
to learn about Al at pre-
university level.

*

Itis relevant for a proper Al
learning, and students can
learn it as part of the Al
teaching units.

Itis relevant for a proper Al
learning, but it would specific s
training apart from Al

teaching units.

Itis too complicated for

students at this age, and it

should be limited to university
degrees.

*

*

adequate in the short-term to introduce Al at
pre-university level?

An user-based perspective,
where students learn the
fundamentals of Al by
using digital tools.

A developer-based
perspective,
wherestudents learn the
fundamentals of Al
byprogramming their own
Al tools.

*

Teachers survey

Do you think smartphones are tools

for learning Al at classroom?

Yes, those of the students'.

Yes, but dedicated ones
from the school. L

*

Teachers survey

Do you think you are prepared to teach AI?

Yes, because | already have
Al experience.

No, because | don't know -

anything and | find it very
difficult.

*

Not today, but | hope to be
with thematerial that will
be given to us.

*

Fig. 9 Final survey filled by the teachers

Main Limitations

After presenting the proposed Al curriculum in detail, this section presents a brief
discussion about its limitations, with the aim of clarifying its scope in terms of
impact and contribution to Al education.

First, the curriculum is targeted to a specific group of students from scientific
specialties or programmes. Consequently, the Al approach selected is mainly practi-
cal, implying that students must program real devices in three specific application
areas in most of the TUs. These two design decisions make the curriculum scope
more limited to extract conclusions that can be applied to other education levels,
or to more general audience. However, the students considered here are make up a
very relevant and large educational target, including all those interested in technical
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degrees at higher education. In addition, the adaptation of the TUs to Vocational
Education or specialized professional courses would be straightforward due to the
practical perspective that has been used.

Even with this technical background, during the TU realization we found prob-
lems to cope with the learning objectives because both teachers and students’ skills
on programming were limited. As shown in Fig. 5, to minimize delays, we decided
to include specific TUs for App Inventor and also for Python in the final curriculum.
However, mainly in the case of Python, and according to the answers displayed in
Fig. 9, it would be recommendable to carry out specific training courses with teach-
ers before the Al curriculum implementation. In the case of students, previous or
concurrent training in Python is required too.

Another limitation of this proposal could be that of relying on Android Smart-
phones for the TU development. As commented above, the use of the student’s one
is encouraged, but in the case that it is not possible, it could imply budget limita-
tions at schools to buy them. In this case, it is suggested to carry out a donation
campaign between parents and local administrations to obtain used phones, which
could be perfectly used for teaching, and which has been carried out in the past with
high success. In the case of the real Robobo robot used in this approach, it could be
changed by its open simulation software (RoboboSim, 2022), which also simulates
the Smartphone and allows for online and blended learning.

Finally, although the curriculum has been tested by more than 30 students and
12 high school teachers with different skills and cultural background for 3 years, to
develop a general Al curriculum that can be applied worldwide will require more
time and test. This is why it is all the TUs are available at the results section of
the AI+ project, so they can be used as they are or adapted by teachers that could
be interested in particular topics or activities. Comments received from other teach-
ers and educators will be considered in the future to continuously improve the
curriculum.

Conclusions

In this paper, a specific proposal of Artificial Intelligence curriculum for high
schools has been presented. It has been developed within the scope of the Eras-
mus + programme, and it is targeted towards European educational system, although
it could be adapted to any other. The curriculum has been structured into 8 main
Al topics that are introduced to students in a progressive manner, following a fully
practical methodology based on the concept of intelligent agent. Each of the teach-
ing units present a challenge to the students based on solving a real problem using a
smartphone-based technology that must be programmed and tested. Current smart-
phones have the appropriate technological features to carry out real embedded intel-
ligence tasks, while they do not imply a relevant cost to schools, that could use the
student’s one.

The teaching units have been designed and improved in collaboration with high
school belonging to the AIl+ project, increasing their reliability and applicability
in the short-term, because teacher support has been considered as fundamental. In
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addition to the direct feedback of the partner teachers, the TUs have been presented
in relevant conferences of the field (Guerreiro-Santalla et al., 2021, 2022), and the
comments and reviews obtained from Al experts have been also used to improve
them in technical and educational aspects.

Regarding direct impact, the current proposal will be included as an optional sub-
ject in the academic offer of the six involved schools from course 2022 onwards. In
addition, it must be pointed out that it has been taken as the basis for a new official
Al subject at high school in the Galician region (Spain), reaching potentially to more
than 10.000 high school students (Xunta, 2021).
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