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1. INTRODUCTION

Our world is changing fast. As the world continues to evolve, training institutes are globally
preparing to keep up to date with the growing demands of the 21st century. Therefore, they
try to explore new ways and use effective services to promote their training system and ensure
students’ upskilling [1]. In our dynamic and fast-growing learning environment, supportive
services like Smart labs (SLs) have made huge progress in education sectors. Generally
speaking, SLs are laboratories or spaces, located indoors and comprised of both the laboratory
and non-laboratory spaces required to support industries and academia. As defined by [2], SLs
are experimental laboratories that seek to encourage and facilitate open and collaborative
practices, simulating real-life environments where the required Toolkits can be studied and
subjected to experiments. In the context of education, SLs — which are also called Living Labs
in some studies [3], [4], [5] — refer to user-centered ecosystems and supportive environments
for innovation, research, exploration, experimentation, and creation that integrate (smart)
systems, various (smart) equipment, toolkits, and/or solutions focused on teachers, students,
and their demands [3].

In recent years, the notion of SLs has constantly been extended and redefined. Even though
there is no universally agreed definition of SL, they have become well-known for the
supportive services provided. For example, as information-communication- and technology-
driven workspaces, they can integrate the resources, actors, and activities, needed for smart
education (a technology-driven learning system). SLs can operate as intermediaries among
actual users (e.g., teachers, students, researchers, and staff) to engage them in a systematic
way as well as to help them join value creation and scale up innovation. Furthermore, SLs can
create an open-source environment to be used for facilitating education, training, and
learning; developing the networks; involving the users in the collaborative innovation process,
and collaborative knowledge production; creating and testing concepts; and sharing

methodologies and evidence-based knowledge [6], [7], [8].
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Opposed to traditional labs, SLs are more open, flexible, and adaptable to current needs.
Predominantly, the mission of SLs is to provide, adapt, and make ready for use the
environments, infrastructure, equipment (e.g., 10T), smart systems (e.g., smart grids), and
Toolkits according to the latest advances and technological innovations in education, and the
needs of users [3], [9]. (Training) Toolkits refer to a broad spectrum of needed tools, resources,
and materials including but not limited to relevant tools, devices, hardware, software, sensors,
instructions, practical advice, guidelines, procedures, practice, methods, documents,
explainers, knowledge, procedures, information, and/or skills that support users at different
stages of education, training, and learning [7], [10]. Both the physical and electronic/digital
training Toolkits are purposefully designed to provide the possibility for making synergy
between foundational (hard) skills and (soft) 21st-century skills.

SLs can be designed for and implemented in different scenarios such as face-to-face, distance,
mobile, and blended learning [6], and they can be used for different purposes for example,
increasing student-teacher interaction, supervising and monitoring students, controlling
students’ computers [11], user profile creation, and adaptation of learning content for
different types of users [2]. Despite notable works performed and achievements obtained in
this particular area, very few studies have reported the importance of SLs in (a) helping
teachers design, develop, and deliver their training courses, and (b) supporting students to
develop their skills. Additionally, we need to clarify how it can be accomplished in training
institutes. Given that, the aim of this work is to introduce a specified SL called Smart Learning
Lab (SLL) that on one side enables teachers to design and deliver their new or develop their
current disciplines and training courses, on the other side supports students to develop their
skills for future careers. The introduced SLL has been utilized for some concrete cases and

tested in several EU projects.

5

This project has been funded with support from the European Commission. This R

publication reflects the views only of the author, and the Commission cannot be held * *

responsible for any use which may be made of the information contained therein. Taa E ra S I | I u S +



EDUCATION 4.0'\\ For the students
LIVINGLABS of the future

2. BASE CONCEPTS

Smart Lab (SL)- provides a supportive environment that enables students to, for example, use
the provided training resources and materials; conduct research, investigation, and
experimentation on the topics of interest; and engage in collaboration, communication, group
discussion, and knowledge sharing with their peers, aiming to gain the needed skills and
competences and then be prepared for their future jobs. This is a kind of modern approach
and innovative training and learning service that intends to help students have an actual feel
of the industry, make them compatible with industrial requirements, assist them in becoming
effective and productive workforce, and help them in their placements. However, to optimize
the approach and service, they should be initially adjusted and customized based on cultural
and local needs [12].

In today’s fast-changing world of technology and digital transformation in education,
laboratories have a significant role to play. That is, they can provide an equipped environment
to then take the opportunity to facilitate and promote the processes of, for example, providing
an experimental foundation for understanding theoretical concepts, conducting practical
tests, carrying out scientific research, developing innovation, advancing technologies
according to current demands, and developing students’ skills, i.e., problem-solving, and
critical-thinking skills.

As the demands and expectations of industries, academia, and users are continually changing,
the new generation of labs (e.g., industrial automation laboratories, living labs, virtual cloud
labs, digital labs, and virtual reality labs) are accordingly evolving. Smart Lab (as another
example) is, indeed, a supportive environment, high-performance laboratory, and open
workspace equipped with needed Toolkits and tools designed to enable and expedite safe and
efficient world-class science and experimentation, as well as enhance effective
communication and successful engagement in instruction, curriculum, and learning.

Smart Lab can facilitate the provision of all kinds of learning, including traditional face-to-face

and distance learning, and also offers possibilities for further development of mobile learning,
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which is rapidly spreading in all fields of education. Smart Labs, thus, can be built in the form
of physical, virtual/mobile, or mixed labs that promote training and learning courses and
activities in both the traditional mode (face-to-face) and the remote mode, depending on the
training structure and purpose. Therefore, Smart Labs introduce and offer equipped, flexible,
and dynamic spaces for users (e.g., teachers and students), intending to facilitate access to a
wide variety of training and learning materials and resources; expedite the investigation,
research, and experimentation process; promote collaboration and knowledge sharing;

develop students’ skills, etc.

Living Lab (LL) - the term "living lab" is at risk of becoming a buzzword in the research,
innovation, and collaboration domain, since it lacks a consistent or commonly accepted
definition. A vast range of activities, indeed, can be fulfilled under the umbrella of living labs,
and each in turn has its own research perspective and methodology. According to [13, 14] LL
can refer to one or more of the following attributes:
= |t is an open-innovation ecosystem and research center for sensing, prototyping,
validating, and refining a variety of solutions by involving multiple stakeholders.
= |tis aspace that by taking advantage of knowledge sharing can be used for developing
a project, product, service, and/or system.
= |tis a participatory methodology relying on collaboration between various agents of a
system.
= |tinvolves end-users in the product development process.
As a type of open and flexible laboratory, LLs are basically set up to generate ideas, develop
research and experiments around the ideas, then validate the findings and make them
documentation to lastly provide (new) products or services. These processes occur in the real
situations where the right competences and stakeholders in a LL (e.g., researchers, designers,
innovators, entrepreneurs, developers, academics, associations, SMEs, and also consumers)
come together at the right time to create added value and deliver something new in a process
of co-creation. Developing all these processes is necessary before introducing the idea,

innovation, product, or service to the market or society. Each stakeholder can take advantage
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of provided opportunities in different ways. For instance, enterprises not only can get new
ideas but also increase the return on their investments, researchers can extend their research
and development activities, and consumers can get innovative products and services. In
addition, a multitude of businesses has reported that not only did their products and services
become better, but they had shorter development time due to their collaboration with the

LLs.

Toolkit - is an assembly of tailored tools and/or a special set of basic components, guidelines,
templates, adaptable resources, and software utilities that provide practical solutions, advice,
guidance, processes, and information for a particular purpose [15]. In the context of training
and learning, a toolkit refers to a collection of original and/or revised resources, training
classes, online courses, training materials, web links, instructional methods, models,
techniques, publications, knowledge, tools, devices, and applications that can be used to, for
example, translate theory into practice, expedite the translation of evidence into practice,
facilitate practice change, give actionable learning paths, upskill trainers and trainees, support
learners and learning strategies and skills, as well as improve the design, implementation,
delivery, and evaluation of training courses [15, 16].

There are different types of Toolkits (e.g., education toolkits, technical toolkits, design toolkits,
collective action toolkits official toolkits, expert toolkits, and basic toolkits) and they are often
created and used for different purposes (e.g., language model training, standardized
reinforcement learning, and facilitating the engagement with learning outcomes), which may

focus on a specific group of users (e.g., higher education institutes and healthcare providers).
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3. CONCEPTUAL MODEL

Our proposed model—which is demonstrated in Figure 1—simply conceptualizes and
represents a typical SL and a general package of training Toolkits that can potentially support
users. The package comprises of 7 groups of Toolkits that classify some identified Toolkits
according to their application and functional capabilities. It is important to note that the
number of groups and their associated Toolkits and instances should be adjusted according to
the goals and requirements of the concrete case. As an example, in reliance on our literature
review, we added one more group (group 8) to the list, aiming to make the model more

comprehensive.

Group 1 Group 2 Group 3 Group 4
Tedmology Todkits Socal Training Toolkits for Doing (leaming Toolkits for
* TrainingFesearch tonls Toolkits fromwaking) Presentations &
+ Applicatons « Wiorkshops + Blogging Trocimrents
* Sensors + Seminars » Games * Reports
+ Actuator mubes and blodks * Webinars + Prartices {in action) + Slides
* Circuit boards ¢ Sessions » Content creation + Videos
» Magnes ¢ Casestudies » Content devd opment + Exarnples
» Artuator cubes * Srenarios » Conirol tasks + Wirkshess
+ Corrputational notebooks + Prototyping Toolkits * chowrcases
+ Charts
- - . . + Flesiewrs
| - + Agsesarnent
HEHEHE] HE ~ Smart Lab | | « Surveps
JMEEERENE ‘ + Checklists
WL Y
)
= , M Eh . L
r A 1 r & L
: = l_E :
Toolkits for Didactics
Leaming Toolkits for
+ BEducational mataials Dhiscovery
+ Leamingresmirees Todkits for Engagement & + Searrh engires
* Courses Thiscourse + Brovr sers
» Mlochules * Coprrromi cation techniques + Weh resources
+ Lessons » Coprrror cation tools Todkits for * Translators
+ Tutarials *» Coll aboration technigues Consultation Group §
* ME&"':'.dS » Coll aboration tools + Instruction
+ Techriques + Disrussion techniques + Guidelines
* Models » Networking tools + Advice
* Reports/liotes + Correrurity mrestion + Tips
* Tests + Email ¢ Rerommendations
* Leamingpl atforms + Filesharing + Explanations
* Algorithms + Exarrples
Group 6
Graup 5 ¥ Group 7
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Figure 1. Proposed conceptual model for creating a package of training Toolkits in the Smart Labs.

It should be emphasized that our conceptual model is proposed to guide the educational
institutes and faculty members who want to design and build up their own package of training
Toolkits for supporting specific discipline(s)/module courses and developing students’ skills,

which are not often included in traditional education systems.

o 3.1 Instantiation for the Toolkit—B-Health Box

Nowadays, many people around the world suffer from different types of physiological and
posture-related problems caused not only by the incorrect execution of their work but also by
not receiving the needed advice and/or corrective measures. To take a step in solving this
problem, the B-Health Box Toolkit was designed, which relies on posture data collection and
uses smart sensors to monitor students’ physical activity and their posture. The idea is to
trigger real-time corrective notifications to students (users), intending to reduce the risk of
physical problems and injury that might be imposed on them as a result of not taking correct
physical positions. The notification might be coupled with some advice and useful information
(e.g., to correct their posture or relax their shoulders and back muscles) that indicates the
causes affecting their physical condition, aiming to provide preventive measures within their
daily environment.

The Toolkit also aims to help students learn how to harvest data from IoT devices and how to
simulate human intelligence processes by machines, especially computer systems. The
knowledge and skills gained in this way enable students to program machine learning
algorithms that can automatically detect whether or not the student’s posture is correct.
Figure 2 demonstrates the main materials used in this Toolkit. The image on the left side of
the Figure shows the B-Health Box; the image in the center shows the Physiosense posture
sensor: the sensor with the case (upper image) and the Printed Circuit Board (PCB)—(below

image); and the image on the right side shows the T-shirt (to be used by the student).
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Figure 2. B-Health Box, Physiosense Posture Sensors, and T-shirt.

Figure 3 demonstrates the package of training Toolkits provided by B-Health Box and clarifies
the way in which this Toolkit can be used to help students develop their skills.

Group 2 Group 3

Toolkits for Doing (learning
from working)
® Practices (in action) — Coding

Social Training Toolkits
* Workshops — How to use
* Webinars — How to use

® Scenarios — For Validation Group 4

Group 1

Toolkits for Presentations & Documents
® Reports — Results of the work done
e Slides — Presentation of the work done
¢ Videos — Showing the results
® Examples — Describe their work
e Surveys — To understand the impact of the experiment

Technology Toolkits
e Training/Research tools
® Applications
 Sensors
* Computational notebooks

Toolkits for Discovery
e Search engines
® Browsers
* Web resources
o Translators

Toolkits for Didactics
Learning

¢ Educational materials

¢ Learning resources

e Tutorials
® Techniques

e Collaboration tools — git
* Networking tools — git

e Instruction

¢ Courses G 5
* Modules Toolkits for Engagement & Discourse Toolkits for roup
® Lessons ¢ Communication tools — Skype or similar Cnarilefon

® Guidelines

0 esiis ® Examples

® Algorithms

® Email — For communication
e File sharing — git

Group 7

Group 5 Group 6

Figure 3. Package of training Toolkits provided by B-Health Box implementation.

To give an example, the B-Health Box can ‘provide’ students with at least 4 types of technology
Toolkits (through group 1) namely, training/research tools, applications, sensors, and
computational notebooks. Each of these technology Toolkits can in turn support students in

developing their skills in the fields of loT and Al.
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It should be added that this model, at this stage of development, faces two main limitations.
The first limitation is with the number of applications of the model. That is, the model was
only applied to our proposed services and solutions, although it needs to be validated by
further applications. Second, the model was limited to the contexts of Al, loT, OS, and
interoperability. However, it should be applied to and tested in other contexts and fields of

study.

o 3.2. Using B-Health Box Toolkit

To make the connection between the B-Health Box and the user, one of the Phisiosense
posture sensors should be placed in the pocket (designed for this purpose) of the T-shirt (used
by the student), below the neck and between the shoulders, and another one in his/her lower
back. The Physiosense posture sensors were developed to be connected via Bluetooth
protocol. With this protocol, the students can use the sensors on their personal cell phones
and also benefit from the Citizen Hub application. This application allows the students to
receive feedback from the Physiosense posture sensors, indicating—on their cellphones every
time—that they have an incorrect posture. To detect the students’ posture, we use an IMU
(Inertial Measurement Unit) sensor. More specifically, we apply the accelerometer sensor to
use the three axes for detecting posture variations. To identify the incorrect posture, we use
two Physiosense posture sensors that are placed in the pockets, as mentioned above. In this
way, we can check the inclination of the back more accurately and compare the inclination
between the two sensors. With this approach, it is possible to verify the inclination of the
posture by using two of the three considered axes. The two Physiosense sensors are used to
make a correlation between the two axes, and in this way, it is possible to verify the vertical
inclination of the back and give warnings whenever one of the students leans forward
(representing an incorrect posture). At the same time, the horizontal axis of the sensors starts
checking to identify strange positions that the students might put on their backs, for example,
when the back is not aligned with the body (see Figure 7). After collecting the data from the

Physiosense posture sensors through the B-Health Box, it is necessary to process that data. In
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this way, the students will have to develop an Al algorithm per group of students that
identifies when a student has an incorrect posture. Furthermore, it sends him/her warning
notifications whenever it occurs. The related Al algorithm will be developed in Python. At the
end, the students will be able to use the B-Health Box to execute the components, so that

their posture will appear in real time on a monitor as shown in Figure 4.

B-Health Box Il

Posture
warning

Monitor Student Wellbeing

DiHices &

Incorrect

. = ¢ “onti
Continuous data % FO O ' Continuous data

collection collection
Posture
correction

Figure 4. B-Health Box implementation.

The B-Health Box contains a Raspberry Pi 4, and the students will learn to work in Linux. That
is, they have to develop Python code to communicate with the Physiosense posture sensors
through Bluetooth. Thus, they need to learn the Bluetooth communication protocol to
understand how it works and how to program it. The developed code must connect to the
sensors and start receiving data in real-time that will be saved in a csv file (comma-separated
values—https://en.wikipedia.org/wiki/Comma-separated_values). Given that, this Toolkit
helps students develop code components for the B-Health Box capable of communicating with
the Physiosense posture sensors through the Bluetooth communication protocol and of
receiving in real time the data from the sensors that will be later used by an algorithm
developed by students. Therefore, this Toolkit sends a visual warning to the students when
their postures are incorrect, and in this way, the students can proceed to the placement of
the correct posture. This section covers the sixth stage of our methodology.

The Toolkit is a self-contained problem box with known parameters. It provides a concise and

clear development platform to explore real-world conditions for Bluetooth, IoT, and Data
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Collection. The Toolkit is a ready-to-use solution, which should free the teacher to concentrate

on the tasks to be presented to the students.

o 3.3. Instantiation for Discipline and Module Course

To demonstrate the usefulness and effectiveness of our proposed conceptual model for
developing disciplines and module courses, we took the opportunity to apply them in the LLSF
project (project education 4.0: living labs for the students of the future).

NOVA University of Lisbon, as a partner involved in the project, has adapted and applied the
proposed conceptual model for upskilling a number of students and developing a discipline
delivered by the Centre of Technology and Systems (CTS). CTS is located in the Faculty of
Science and Technology (FCT) of NOVA University of Lisbon and its mission is to carry out
fundamental and applied research, advanced training, dissemination of knowledge, and
encouragement of technology transfer in the main areas of Electrical and Computer
Engineering (EEC).

The considered discipline for development is Architecture for Integration of Systems (AIS),
which aims to enhance students’ understanding of the whys and hows of today’s common
problems at the application and business levels, which are directly or indirectly caused by
interoperability difficulties. The discipline offers a module course that helps students develop
their skills and capabilities related to loT and Al, as well as their research and technical
solutions for interoperability problems. Accordingly, the module course provides several
related syllabuses, including an introduction to the course, an interoperability module, an loT
module, an Operation System (OS) module, an Al module, and a practical module. This module
course, in addition to providing theoretical material (through the syllabuses), provides some
opportunities for students to develop their skills practically in Linux and Python by means of
connection to a specified Smart Lab and working with the B-Health Box and its sensors and
controllers, which were mentioned earlier.

It should be mentioned that a total of 30 master’s students who took the AIS discipline were

given access to the Smart Lab and allowed to test the B-Health Box. Having evaluated the
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feedback of this group of students, another group of master’s students will then test the B-
Health Box, aiming to improve any weaknesses that might be found. NOVA University of
Lisbon will then ask the students of the other 4 universities that are partners in the project to
test the B-Health Box. The direct beneficiaries who test the B-Health Box are around 200 MSc
students and 6 PhD students. The B-Health Box will then be tested by other types of users,

such as teachers and stakeholders of the project.
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4. DISTRIBUTED ELEARNING TRAINING PLATFORM FOR INTERNET
OF THINGS AND DATA ENGINEERING (INTER-CONNNECTED
LIVING LABS)

In the rapidly advancing landscape of technology, the emergence of the Internet of Things
(loT) and Data Engineering has ushered in a new era of connectivity and innovation. The
amalgamation of these technologies holds immense potential, not just in shaping our digital
future, but also in redefining how we learn and adapt to this ever-changing technological
paradigm. At the heart of this transformation lies the concept of a Distributed elLearning
Training Platform, a revolutionary initiative designed to harness the power of interconnected
living labs.

In this interconnected world, where devices, systems, and data sources communicate
seamlessly, the need for a specialized training platform becomes paramount. The Distributed
elearning Training Platform for the Internet of Things and Data Engineering stands as a beacon
of knowledge in this digital age. It serves as a virtual nexus where learners, educators, and
industry experts converge to explore the intricacies of loT and Data Engineering. What sets
this platform apart is its innovative approach — it extends beyond traditional learning
boundaries, embracing the concept of interconnected living labs. This interconnectedness not
only mirrors the real-world loT ecosystems but also provides learners with hands-on,
immersive experiences.

Through this distributed elLearning platform, learners are not just passive recipients of
information; they are active participants, engaging with live data streams, experimenting with
loT devices, and delving deep into the intricacies of data engineering. As we delve further into
this exploration, we will uncover the myriad ways in which this platform revolutionizes
learning, fosters collaboration, and prepares individuals to navigate the complexities of our

interconnected future.
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o 4.1. Platform Creation and Development with DJANGO

For the user interface (Ul) development, it was employed the Django framework to handle the
backend functionality, while for the frontend, it was harnessed the power of CSS, specifically
leveraging Bootstrap themes, and HTML.

The development process commenced by establishing a new app within the project, aptly
named "toolkits." Subsequently, it was defined two distinct superuser accounts. The first
superuser served as the initial administrator, bearing primary administrative responsibilities.
The second superuser, known as 'user,' was created to facilitate the mentor's engagement
with the system.

With these foundations in place, it was embarked on the creation of the models. The
models.py module served as the repository for these class definitions. The attributes within
these classes were meticulously structured to mirror the corresponding fields within the

MariaDB, ensuring a seamless and consistent data schema (See next Figure).

—| courses/p ions & doc ts ¥  _| downloadable items ¥
Course_ID INT Item_ID INT
Course Name VARCHAR(50) IDE Nam e VARCHAR(100)
Duration INT Download link VARCHAR(200)
Link VARCHAR(100) IDE Description VARCHAR(50) |
# Toolkit_ID INT License type VARCHAR(S50)
> ® Technology_ID INT
¥ >
! T
' [
' |
' [
' 1
| 1
] toolkits._ _rel hip ¥ ] toolkits v
ID INT Toolkit_ID INT
p——t
® Toolkit_ID INT Title VARCHAR(50)
Sensor Type VARCHAR(100) Target audience VARCHAR(50)

1—H

Measurement principle VARCHAR(100) B Cost RLOAT

Sensitivity INT Type of support VARCHAR(50)
Working Range VARCHAR(50) "™ "] % pescripton VARGHAR(500) |
Hardware Componens VARCHAR(500) >
> +
| [
| IERSIE:
A (o)
] additional resources ¥ ] subject v :
Resource_ID INT Subject_ID INT | I
Resource Name VARCHAR(50) Name VARCHAR(50) : |
File Paths VARCHAR(200) > I :
® Toolkit ID INT 911 1

The intended rigorous alignment between the Django models and the MariaDB schema

guarantees the accuracy and integrity of the data it was managed within the application.
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The home page on the platform is designed to deliver a visually appealing and well-structured
user experience. To achieve this, it was implemented the following components and
strategies:
®*  Modular Templates: It was adopted a modular approach to template design. The
content displayed on the home page is composed of segments originating from
separate template files, such as carousel.html and navbar.html. These templates are
included within the base.html to ensure a consistent and organized structure across
the site.
= Base HTML: The base.html serves as the foundational template that encapsulates the
common structural elements and styles shared by all pages on the site. It incorporates
Bootstrap's Content Delivery Network (CDN) for enhanced rendering and styling,
which ensures a visually pleasing and responsive design. This includes the usage of
Bootstrap classes and components to achieve a polished appearance.
= Carousel Component: The carousel.html template contains the necessary code and
content to create an engaging carousel on the home page as well as other features
displayed below (interactive buttons that redirect the user to the Toolkits page).
=  Navbar Component: The navbar.html template holds the navigation bar structure.
Navigation bars are vital for user interaction, enabling seamless access to different
sections of the site. It was implemented a user-friendly and responsive navigation,

keeping Bootstrap's capabilities in mind.
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S . . .
[EDUCATION 4.0 -
Home Toolkits Subjects Courses Find Your Tech Resources

Build your skills with

< Education Living Labs

Find Your Preferred Toolkits & Improve Your Knowledge

& Supportive Environment

Nurturing and encouraging setting that promotes growth, collaboration, and well-being, fostering the best in everyone. I

© Supportive Environment

|l-being, fostering the best in everyone.

Nurturing and ing setting that p growth, cc ion, and

& High-Performance Laboratory

Cutting-edge facility equipped with state-of-the-art resources, enabling advanced research, innovation, and exceptional
results.

& Open Workspace
C ive and ible space that P 'y, idea sharing, and teamwork, allowing for a vibrant

exchange of creativity and expertise. |
— — — — —

Explore Toolkits

NAannlind Cantveal Caita CTENM Adiiratinnal Taallis TallAan +Aanllis
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Why Smart Labs? Physical, virtual or mixed labs.
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f/ \“ Adaptable Workspaces /C A 0 4 S N
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o Introduces and offers equipped, flexible, and dynamic spaces for users. i . ﬁ
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(@) Comprehensive Training o O —= h - a
\ ) == i —_—
N2 Facilitates access to a wide variety of training and learning materials and resources. 5 L PN O &
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/\  User-Driven Innovation

\\7 % Continually adapting themselves, for example, to the current needs of our users, developing new
collaborative cultures, driving innovation, and embedding the latest technologies in education.

You think something is missing? Get in touch with us!

Email address Leave us a suggestion

%

Co-funded by the
Erasmus+ Programme
of the European Union

name@example.com

The platform incorporates a user-friendly and interactive search bar on every page, allowing
users to easily access resources that align with their preferences. Here's how it works:
= Interactive Search Bar: The interactive search bar is prominently displayed on all pages
of the website. Users can input their search queries into this bar.
= Search Functionality: When a user enters their search query and initiates the search,
the system processes the request and retrieves relevant resources from the database.
This search functionality encompasses all relevant data on the platform, ensuring

comprehensive results.
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= Search Results: The results are then displayed on a dedicated page or section, showing
all resources that match the user's search criteria. These results are presented in an
organized and user-friendly manner, making it easy for users to explore and access the

resources that are of interest to them.

N _ _ —
EDUCATION 4.0 Home Toolkits Subjects Courses Find Your Tech Resources ¥ Search Search
LIVINGLABS

N\ . . .
EDUCATION 4.0 Ikits 1k Irses r ar T i v
e Home Toolkits Subjects Courses Find Your Tech Resources

‘ Additional

- ‘ Downloadable Items

The website's navigation is designed to provide users with easy access to all the key pages and

resources. Here is how the NavBar facilitates seamless navigation:
1. Home: The "Home" option takes users back to the homepage, providing a starting
point for their exploration.
2. Toolkits: Users can click on "Toolkits" to access a dedicated page where they can
explore a wide range of toolkits, each designed to address specific needs and goals.
3. Subjects: "Subjects" leads users to a page where they can discover information related
to various subjects, helping them find resources specific to their areas of interest.
4. Courses: By clicking on "Courses," users can access information about different courses
available in the platform, enhancing their knowledge and skills.
5. Find Your Tech: This dropdown menu contains two important sections:
= Technology Integration: Users can delve into the realm of technology integration,
exploring how different technologies can be combined to create innovative
solutions.
= Sensors: This section focuses on sensors and their applications, allowing users to gain
insights into the world of sensing technologies.

6. Resources: The "Resources" dropdown menu offers two valuable subsections:
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= Additional Resources: Users can find supplementary resources to further enhance
their understanding and knowledge.
= Downloadable Items: This section provides access to downloadable items, which
may include document files.
The NavBar is user-centric, ensuring that visitors can efficiently navigate the site to access the
content and resources most relevant to them. Whether they are seeking toolkits, subjects,
courses, technology integration insights, sensor information, additional resources, or
downloadable items, the intuitive navigation options make their journey smooth and

enjoyable.
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< C  ® localhost:8000/toolkits G e % * 0 a

o i ] —
EDUCATONGD|"  Home Toolkits Subjects Courses Find Your Tech Resources v Search | search |
LIVING LABS N )

Unity ML-Agents Toolkit

o Target Audience: Game Developers

- UL I IS LG Iy | A UG TGS IS | UTHPULS T SO | ey |

Learn more

OpenAl Gym Toolkit

o Target Audience: Al enthusiasts

o Cost: free

* Type of support: Supporting Students, Teachers and Multiple Training Scenarios

 Description: Open-source library that simplifies setup and offers a toolkit with diverse simulated environments, ideal for training reinforcement learning algorithms from
simple games like pong to complex physics-based engines

* Subjects: Machine Learning | Artificial Intelligence | Computer Science | Reinforcement Learning | Gaming |

TensorFlow Toolkit

* Target Audience: Developers

® Cost: free

* Type of support: Supporting Teachers in Training/Course Development and Multiple Training Scenarios

* Description: It consists of a complete set of tools, techniques, tutorials, and resources focused at optimising machine-learning models, with one of its key aspects being the
simplification of neural network creation.

® Subjects: Machine Learning | Computer Science | Deep Learning |

Learn more

Each toolkit presented in the platform includes detailed information to help users understand
its purpose and features. Additionally, it was offered a convenient "Learn More" button for
quick access to the toolkit's official website or documentation. This approach ensures that
users can make informed decisions about which toolkit best suits their needs, and it allows

them to seamlessly explore further details and resources directly from the toolkit's source.
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<« C @ localhost:8000/subjects

S} < 5 .
EPUCATION 40 Home Toolkits Subjects Courses Find Your Tech Resources ¥

Computer Science

Associated Toolkits:
* Unity ML-Agents Toolkit

o AnanAl Cum Taallis

< C @ localhost:8000/subjects

Associated Toolkits:

o Unity ML-Agents Toolkit

* OpenAl Gym Toolkit

* TensorFlow Toolkit

* DeepMind Control Suite

* LEAF

® STEM educational Toolkit

* Real-time Distributed Toolkit

* ConnectUs

* MakeBlock Al & IoT Education Toolkit Add-on Pack
e Talkoo Toolkits

Artificial Intelligence

Associated Toolkits:
* Unity ML-Agents Toolkit
 OpenAl Gym Toolkit
¢ DeepMind Control Suite
e LEAF
* MakeBlock Al & IoT Education Toolkit Add-on Pack

Machine Learning

Associated Toolkits:
« Unity ML-Agents Toolkit

o AnanAl Cume Taallis

For the students
of the future

G B % * 0O &

Search Search

G e %* *» 0O a2 :

The "Subjects" page is designed to provide users with a curated list of toolkits that are

categorized by specific subjects. The goal is to enhance the user experience by simplifying the

process of finding toolkits related to their chosen subjects. It was believed that by categorizing

toolkits in this way, users can quickly identify and access the tools that best align with their

specific needs and research objectives. This feature adds value to the platform by offering

users a more targeted and user-friendly experience.
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EDUCATION 4.0 Home Toolkits Subjects Courses Find Your Tech Resources ¥ Search Search

Unity Learn - "ML-Agents: Hummingbirds"

* Duration: 9 hours

Unity Learn - "ML-Agents: Hummingbirds"

* Duration: 9 hours
* Associated Toolkit: Unity ML-Agents Toolkit

Learn more

Unity Learn - “Artificial Intelligence for Beginners"

* Duration: 21 Hours
* Associated Toolkit: Unity ML-Agents Toolkit

Learn more

OpenAl Gym Website - Tutorials Section

* Duration: Depends On Course
* Associated Toolkit: OpenAl Gym Toolkit

Learn more

Introduction to TensorFlow for Artificial Intelligence, Machine Learning, and Deep Learning

o Nuratinn 17 Hanre

On the "Courses" page, it was provide detailed information about facultative toolkits work,
allowing users to explore these courses and resources further. Users can access additional
information about each course by clicking the "Learn more" button. This feature empowers
users to make informed decisions about which courses they want to pursue and helps them

better understand the content and benefits of each course.
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< C @ localhost:8000/features G w »0O 2

Home Toolkits Subjects Courses Find Your Tech Resources ¥ Search Search

Looking for the ideal toolkit that suits your technological preferences? Your search ends here! The Toolkit Compatibility guide is designed to assist you in discovering
toolkits that perfectly align with the technology you prefer. Whether you're passionate about a specific programming language, in need of particular hardware
components, or have unique software requirements, we've curated a comprehensive list of toolkits just for you. Simply input your tech choices in the search bar, and
wa'll nracant vaii with a tailarad celactinn af tanlkite | at'e mateh vair tach with tha narfect tanlkit and anhance vanr nraiects!

Machine Learning Framework

* Programming Language: Python, C#
o Software Requirements: Unity, Python, Pytorch, TensorFlow, NumPy
* Associated Toolkit: Unity ML-Agents Toolkit

Reinforcement Learning Framework

* Programming Language: Python
o Software Requirements: Python, Dependencies for specific environments (e.g., for Atari environments, CMake is needed), TensorFlow, MuloCo
¢ Associated Toolkit: OpenAl Gym Toolkit

Machine Learning Framework

* Programming Language: Python
o Software Requirements: TensorFlow Library
e Associated Toolkit: TensorFlow Toolkit

Reinforcement Learning Framework

* Programming Language: Python
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Technology : Machine Learning
Framework - Downloadable Item :
Python

Technology : Machine Learning
Framework - Downloadable Item :
Unity

STEM educational Toolkit

* Sensor Type: STEM
educational Toolkit doesn't use
sensors

¢ Measurement Principle: -

* Sensitivity: -

* Working Range: -

¢ Hardware Components:
Input/Output Test Board,
Raspberry Pi 3 Model B+,
Analog-to-Digital Converter
(ADQ)

Talkoo Toolkits

« Sensor Type: Light sensors
1 Apa

Technology : Reinforcement
Learning Framework -
Downloadable Item : Python

Technology : Reinforcement
Learning Framework -
Downloadable Item : MuJoCo
physics engine

Technology : Machine Learning
Framework - Downloadable Item :
Python

Technology : Multiagent System
Development - Downloadable
Item : FIPA-OS agent toolkit

Go To Downloadable Items

Real-time Distributed
Toolkit

* Sensor Type: Light,
Temperature & Distance
sensors

* Measurement Principle:
Measurement principles for
LDR, IS & RTD sensors

* Sensitivity: LDRs: 100-1000
Q/lux, IRs: high sensitivity in
HV/°C, RTDs : 0.385 Q/°C

* Working Range: LDRs : few -

thousands of lux, IRs: -40°C to
+125°C, RTDs: 200°C to +600°C

* Hardware Components:
Cube-shaped wireless
modulesLCD display, motor,
RGB LEDs, speaker.

LittleBits
* Sensor Type: Light,
Tamnaratira Dravimit Rand

ConnectUs

* Sensor Type: Light sensors
(LDRs)

* Measurement Principle:
Principle of varying resistance
with changes in light intensity

* Sensitivity: LDRs: 100-1000
Q/lux

« Working Range: few -
thousands of lux

« Hardware Components:
Actuator cubes, Bluetooth

roBlocks
* Sensor Type: Light,

Tammnaratira Dravimit Rand

For the students
of the future

Technology : Reinforcement
Learning Framework -
Downloadable Item : Python

Technology : Educational Physical
Computing - Downloadable Item
Arduino IDE

MakeBlock Al & loT
Education Toolkit Add-on
Pack

* Sensor Type: PIR, Ranging,
Sound, Temperature, Motion,
Humiture, Flame sensors

¢ Measurement Principle:
Detect the presence of infrared
radiation emitted by flames,
measure changes in
acceleration

e Sensitivity: Sensitivity can vary
significantly depending on the
type and model of the sensor

* Working Range: The working
range can vary significantly
depending on the type and
model of the sensor

¢ Hardware Components: 31
mBuild's electronic modules &
10 accessory packs (motors,
RGB LEDs, speaker, power)

The "Find Your Tech" page serves as a valuable resource for users to explore the technology

integrations within each toolkit. It provides detailed information about how each technology

is linked to downloadable items and lists the sensors and hardware components contained in

certain toolkits. This information helps users understand the technological aspects of the

toolkits and the associated resources available. By accessing this page, users can make more

informed decisions about which toolkits align with their specific technological needs.

The integration of technology into toolkits is a critical aspect of this platform, thus a

comprehensive overview of these integrations is provided. This includes information on the

technology's relevance to each toolkit, how it enhances the toolkit's capabilities, and the

resources available for further exploration.
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Additionally, by including details about downloadable items and sensors/hardware
components, users can gain deeper insights into the practical aspects of each toolkit. This
information empowers users to select toolkits that match their requirements and provides a

more holistic view of the available resources.

< C  ® localhost:8000/additionalresources G % » 0O &
ome ts Subjects C es Find Your Tech Re: es v Searct St |

ION4.0] H oolkits Subjects Courses d Your Te SO ear el
e, olki ubj ch ourc arch ‘ )

Official Unity ML-Agents Documentation

* Associated Toolkit: Unity ML-Agents Toolkit

Official Unity ML-Agents Documentation

« Associated Toolkit: Unity ML-Agents Toolkit
Unity ML-Agents GitHub Repository

* Associated Toolkit: Unity ML-Agents Toolkit
Unity ML-Agents YouTube Channel

® Associated Toolkit: Unity ML-Agents Toolkit
Unity ML-Agents Forum

o Associated Toolkit: Unity ML-Agents Toolkit

The "Additional Resources" page is a comprehensive directory of all the associated resources

available for the toolkits. This page serves as a valuable reference for users, allowing them to
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access the official sources and pages associated with each resource through the "Source Page"

button. It streamlines the process of exploring and accessing the additional resources linked

to the toolkits.

« C @ localhost8000/downloadableitems
Euw&nouw“ H T ts Subjects Cours: Find Your Tech Resources ¥ Search ‘//a ‘
ome Toolkits Subjects Courses Find Your Tech Resources earc Search
Python
« Description: Python is a high-level, interpreted programming language known for its simplicity and readability. Python is developed under an OSl-approved open source .
Python

* Description: Python is a high-level, interpreted programming language known for its simplicity and readability. Python is developed under an OSl-approved open source
license, making it freely usable and distributable, even for commercial use. Python's license is administered by the Python Software Foundation.

o License Type: Open-source

C#

¢ Description: C# (pronounced "C-sharp") is a modern, high-level programming language developed by Microsoft. It was .NET platform and has since become a popular choice
for developing a wide range of applications, particularly on the Windows platform.
e License Type: Doesn't have an associated runtime or implementation that would require a specific license

Unity

¢ Description: Unity is a powerful and widely used cross-platform game development engine and integrated development environment (IDE). Unity is known for its versatility,
user-friendly interface, and robust features, making it a popular choice for developing video games, interactive 2D and 3D applications

e License Type: Uses a specific licensing model that depends on the version and the use case

The "Downloadable Items" page is designed to assist users in easily accessing the
requirements for specific toolkits. This page offers downloadable Integrated Development

Environments (IDEs) and associated items that are essential for working with certain toolkits.
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By providing these downloads, the process for users to acquire the necessary software tools

and resources it was streamlined.

= : (=)
[EDUCATION 4.0 S k Courses r | S es ¥ ea
EDLCE Home Toolkits Subjects Courses Find Your Tech Resources unity X || search |

You Searched For unity

Technology Type: Machine Learning Framework
Programming Language: Python, C#
Software Requirements: Unity, Python, Pytorch, TensorFlow, NumPy

Associated Toolkit: Unity ML-Agents Toolkit

Toolkit Title: Unity ML-Agents Toolkit
Target Audience: Game Developers
Cost: free
Type of Support: Supporting Students, Teachers and Multiple Training Scenarios
Description: Provides deep reinforcement learning algorithms for training intelligent agents in various environments and scenarios within the field of machine learning
Subjects

Machine Learning
Artificial Intelligence
Computer Science
Gaming

Item Name: Unity

IDE Description: Unity is a powerful and widely used cross-platform game development engine and integrated development environment (IDE). Unity is known for its versatility, user-friendly interface, and robust
features, making it a popular choice for developing video games, interactive 2D and 3D applications.

Download Link: https://unity.com/download

License Type: Uses a specific licensing model that depends on the version and the use case

Resource Name: Official Unity ML-Agents Documentation
File Paths: https://unity-technologies.github.io/ml-agents/ML-Agents-Toolkit-Documentation/

Toolkit ID: Unity ML-Agents Toolkit

Resource Name: Unity ML-Agents GitHub Repository
File Paths: https://github.com/Unity-Technologies/mi-agents

Toolkit ID: Unity ML-Agents Toolkit

Resource Name: Unity ML-Agents YouTube Channel
File Paths: https://www.youtube.com/c/UnityML

Toolkit ID: Unity ML-Agents Toolkit

When you enter a search term, such as "unity," into the search bar, the platform will direct
you to a dedicated search results page. This page will display all the relevant information and
interfaces that contain the specified word, letter, or sentence. The search functionality is
designed to help you quickly find and access the content you are looking for.

The search results page is designed to be user-friendly and provides a comprehensive
overview of all the content related to your search query. This allows you to quickly locate the
information you need, making it a valuable tool for efficient navigation and content discovery

in the platform.
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o 4.2. Working Principle

The user interface (Ul) for the Django web application is typically launched and interacted with
through a series of steps. Here's a more detailed explanation of how the Ul works and how
users can access it:

1. Command Prompt Setup: To interact with the Django application's Ul, users need a
command prompt, such as GitBash, or a terminal, depending on their operating
system. This command prompt allows them to execute commands and manage the
application.

2. Change Working Directory: Users should navigate to the directory where the Django
project is located. They can do this using the cd (change directory) command in the
command prompt. For example, if the project is located in a directory named
"mywebsite_project2," they would use a command like cd mywebsite_project2 to set
the working directory.

3. Create a virtual environment:

python -m venv venvsource venv/bin/activate## On Windows, use 'venv\Scripts\activate'
Install project dependencies:

pip install -r requirements.txt
Configure the database (if applicable):

python manage.py migrate

4. Start Django Server: To run the Django application locally, users need to start the
Django development server. They can do this by executing the following command in
the command prompt:

python manage.py runserver
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MINGW®64:/c/myproject_django/mywebsite_project2 - O
1.1" 404 3714

$ python manage.py runserver
watching for file changes with StatReloader
Performing system checks. ..

System check identified no issues (0 silenced).

September 25, 2023 - 11:47:50

Django version 3.2.20, using settings 'mywebsite_project2.settings’
Starting development server at http://127.0.0.1:8000/

Quit the server with CTRL-BREAK.
C:\myproject_django\mywebsite_project2\toolkits\urls.py changed, reloading.
watching for file changes with StatReloader

Performing system checks...

» This command tells Django to launch a local development server that serves the web
application. Users will see output indicating that the server is running, and it will
specify the local address (usually http://127.0.0.1:8000/).

=  Access the Interface: With the Django server running, users can open a web browser
and navigate to the specified local address. In most cases, they can simply open a
web browser and type http://127.0.0.1:8000/ into the address bar to access the Ul.
This will take them to the home page of the Django application.

= [nteract with the Ul: Once on the home page, users can navigate the interface using
the navigation menu, search bar, and other interactive elements. They can explore
the content, search for specific information, access toolkits, subjects, courses,

resources, and downloadable items, and interact with different sections of the Ul.

Accessing the web interface via http://localhost:8000/ and the admin panel via
http://localhost:8000/admin are essential aspects of managing and interacting with the
Django application. Let's break down these two URLs and their functionalities:
1. http://localhost:8000/
= When users access the root URL http://localhost:8000/, they will be directed to the

main interface of the Django web application.
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= This is the public-facing part of the application that allows users to view content,
search for information, and interact with various features you've implemented.
2. http://localhost:8000/admin
= Accessing the URL http://localhost:8000/admin takes users to the Django admin

panel's login page.

= Superusers can log in using their credentials (e.g., username and password).
Note: The superuser 'user' has the password 'usernova' for this admin login.
Once logged in, superusers can perform various administrative tasks, including:
Adding new records or entries to the database (e.g., adding new toolkits, subjects,
courses, resources).
= Modifying existing records or entries (e.g., updating toolkit information).
= Deleting records when necessary (e.g., removing outdated or irrelevant data).
= Managing user accounts and permissions.
= Configuring application settings.
The Django admin panel is a powerful tool that simplifies the process of managing the
application's data and settings. Superusers can use this panel to keep the application up to
date and ensure it operates smoothly.
The instructions regarding the admin login for the superuser 'user' and the password
'usernova' are important for superuser access to the admin panel. Superusers can log in and

perform administrative tasks as needed.
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Django administration

Site administration

.
Recent actions

Groups + Add # Change

Users +Add  # Change My actions
# user
User

TOOLKITS

¥

user
Additional Resources + Add # Change User

Courses, Presentations & Documents +Add  # Change 5 Eser
Iser

Downloadable Items + Add # Change

-

After Action Review Toolkit
Toolkit

D loadable-Technology Relationshi + Add # Change

S

World Café (dialogue)
Subjects + Add # Change Toolkit

%

Toolkit: Postsecondary education
and training preparation Toolkit -
Subject: Education & Learning
Toolkit subject relation

Target Group + Add # Change
Technology Integration + Add # Change

Toolkit + Add # Change + Toolkit: Postsecondary education
and training preparation Toolkit -
Toolkit-Sensors Relationship + Add # Change Subject: Disabilities
Toolkit subject relation

Toolkit-Subject Relationship + Add # Change 4 Toolkit: Monitoring and evaluation

methodology Toolkit - Subject:
Education & Learning
Toolkit subject relation

+ Toolkit: Open education resources
Toolkit - Subject: Training and
Development
Toolkit subject relation

+ Toolkit: Open education resources
Tanlkit - Suhioct: Fducation &

<« C  ® localhost:8000/admin/toolkits/toolkit/ G ©® % * 0O &

Django administration WELCOME, BIANCA. VIEW SITE / CHANGE PASSWORD / LOG OUT

Home > Toolkits » Toolkit

AAUTHENTICATION AND AUTHORIZATION

Select toolkit to change

Groups + Add
=0 DO Action: | s v [ Go | 00f36selected
O Toowkim
TooLKITS
O  Postsecondary education and training preparation Toolkit
Additional Resources + Add
O Open education resources Toolkit
Courses, Presentations & + Add
Documents O  Digital pedagogy Toolkit
Downloadable Items + Add O Digital Learning Toolkit
z::';:‘,:’::;:'e'“°""°‘°9¥ st O Research Impact Toolkit
onshi
O  TalenttMs
Subjects +Add alen
e — P O self-assessment Toolkit
«
Tochnology Integration - g O After Action Review Toolkit
Toolkit +Add O Ketso
Toolkit-Sensors Relationship +Add O World Café (dialogue)
Toolkit-Subject Relationship + Add O roBlocks
O IHR Training Toolkit
O Toolkit for designing a comprehensive distance learning strategy
O Teach for climate action: an advocacy Toolkit on climate change education for educators and their un
O Gender-responsive education Toolkit
(O TESSA Inclusive Education Toolkit -
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