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Abstract. Throughout the last decades, the education sector across the world demonstrated
stable results, even with large incentives and investments, the Intelligent School concept is an
innovative education model that brings the most promising ideas as a way to modernize
education and disrupt such stability, through ingenious additions in architecture, interior
design, education methods, education system, education technology and education policies,
including both extant and new ideas. Some education institutions and ministries around the
globe already display innovative practices, however, none attempted to apply innovation at all
levels and on a larger scale, therefore, the Intelligent School concept is also a way of promoting
such institutions and incentivizing innovation at such gaps. As a combination of sustainability,
technology and inclusion, such a concept is a way to reinvent education and decrease the

education sector neglect.
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1. Introduction

As indicated by Bolden & Tymms throughout the last
decades education has displayed relatively stable
results, despite large investments and reforms, various
governmental  initiatives  across  the  globe
demonstrated ineffective strategies, hence, a distinct
approach seems necessary for such a context, we
shouldn’t be satisfied with quick conclusions,
education reforms should be executed gradually and
skeptically, even if it takes longer periods [1]. As a
potential solution, the Intelligent School concept is
proposed in this article, fundamentally, such a concept
refers to a set of innovative education practices that
includes ingenious ideas on architecture and interior
design, education methods, education system,
education technologies, and education policies, in an
initiative to bring the latest modernizations and to
reach a state-of-the-art education.

2. Methodology

2.1 Architecture and Interior Design

Regarding the architectural and interior design project
of school facilities, many basic and new concepts must
be included to reach a state-of-the-art building. Firstly,
it's crucial to be attentive to some basic elements, such
as lighting, noise, temperature, and air quality. In terms
of lighting, natural daylight should be something

widely present in various areas of the building,
however, there is an adequate level of illumination,
excessive daylight may lead to visual discomfort and
temperature increase [2]. According to Edwards &
Torcellini [2] students who were exposed to an
adequate amount of daylight had better math and
reading performance. Now, regarding noise pollution,
it's important to note that the most common sources of
it are ventilation and heating units [3], airplane flight
paths [4], and road traffic [5]. As stated by Klatte,
Bergstrom & Lachmann [6] classrooms with greater
external noise tend to perform worse, therefore
optimal sound insulation is highly recommended to
improve the students' classroom environment.
Temperature is also a crucial element to consider, as
indicated by Earthman [7] the most adequate
temperature for learning is between 682 and 749,
anything too extreme may lead to poorer performance
[8]. Then, lastly, another element to consider is air
pollution, as mentioned by Schneider [9], low-quality
air may lead to decreased student attendance and may
affect teachers’ ability to teach well, hence locations
within areas with high air pollution should be avoided.
Additionally, the absence of accessibility to students
with disabilities is another factor to consider, since it
may become a barrier for such students to participate
and consequently have a satisfactory learning process,
therefore, elevators, ramps, automatic doors, and other
assistive technologies are fundamental to improve the
participation of such students [10].



Moreover, the initial project of the school facilities
must always have a modular approach, both in terms
of architecture and interior design, because it's the
most advantageous way of preventing unnecessary
future major financial and time losses. When you build
a modular facility you already consider a lot of possible
future scenarios, hence, starting changes after
construction is no longer an unnecessarily expensive
and time-consuming process. Aligned with modular
design, minimalism is another concept to be included
in this process, it fits well with modularism because it
incentivizes the elimination of excess, including
excessive  decoration, unnecessarily = complex
architecture, and other illogical project choices. The
school project should have a utilitarian approach,
however, it should still be aesthetically pleasing,
therefore, neutral decors such as plants, wall fountains,
mirrors, abstract sculptures, and the like would be an
adequate choice, since they aesthetically improve the
environment and have no bias toward any ideology,
avoiding styles and decorations related to certain
political ideologies, religious ideologies, ethnic
ideologies, and race-related ideologies, unless it is part
of the school curriculum, otherwise, the education
institution should always have a neutral approach,
because it puts everyone in an equal level, not favoring
any bias. Besides that, everything should have durable
and sustainable materials, plants, trees, grass, and
living walls especially should be a priority within the
school environment, since they can have positive
effects on mental health [11] [12] [13], besides
familiarizing students, teachers, and others with a
more natural environment.

Fig 1 - UWC Dilijan College [58]

Nowadays there are numerous studies dedicated to
finding the best ways to harmonize nature and human
constructions, among these concepts green
architecture and circular built environments are the
ones that will be covered here. As explained by Atmann
[14] green architecture is a combination of
environmental, political, social, and technological
values to reduce the negative environmental impact of
buildings by increasing efficiency and moderation in
the utilization of building materials, energy, and
development space. To be classified as a green building
it must reach a certain level of each value, however,
many factors must be considered, such as local climate,

material availability, and skill set [15]. Many
institutions offer their standard of greenness and also
give their own accreditations schemes, hence, the
concept of green architecture may vary according to
each one of them, however, it’s essential to know that
energy efficiency, water efficiency, and indoor
environment quality are features present in all
institutions’ standards [16]. As an interesting practical
example of green architecture, UWC Dilijan College in
Armenia [Fig 1] is an international school that included
some sustainable concepts in its construction, earning
a 2015 BREEAM certificate of an ecological
construction standard [17]. Now, regarding the circular
built environment, as mentioned by Thelen et al [18],
industrial symbiosis, renewable materials, shared
economy, proximity economics, reuse, recycling and
upcycling, urban mining, detoxification of material
cycles, sustainable consumption and production are
the basis of such a concept, in short, the main intent of
circular buildings is to reduce life cycle impacts and at
the same time provide healthy and comfortable spaces
[19], furthermore, circular concepts may be integrated
into all phases of a building’s cycle, allowing a high
level of optimization [20]. Lastly, it is crucial to point
out that turning education buildings into role models
in terms of sustainability and the like may be a great
way of familiarizing and incentivizing students to
practice and support sustainable attitudes.

2.2 Education Methods

Overall, traditional tests are the standard in most
education institutions, hence, the skepticism toward
other education methods is justified, both students and
teachers are used to such assessment methods, besides
it brings lower expenses compared to other methods,
however, it doesn't mean it is necessarily the most
effective method of measuring learning and teaching.
As a potential competitor, project-centered learning
methods were created, the first big difference we
notice is the larger gap of freedom within project-
centered methods [21], in contrast with traditional
ones, which are focused on creating a homogenous
form of assessment for all students, as if they are all the
same, with the same backgrounds, same preferences
and same skills, it's quite clear that the simplistic
nature of traditional tests never was focused in
offering a freer and creative way for students to train
their unique skills. Furthermore, the fact that project-
centered methods allow students to develop their skills
in real-world situations, shows that they are cultivating
realistic skills that could soon be applied in their
careers and even their lives, instead of answering
unrealistic standardized tests and exams that may lead
to an increase in stress [22] [23] and focus mainly on
memorization, which in many cases may end up
forgotten later, and maybe, what they "learned"
through traditional methods may never be utilized.



Of course, the projects proposed must have minimum
criteria to make an evidence-based assessment
possible, standardization shouldn't be completely
avoided, it just has to be used with a certain caution, to
keep adequate space for creativity a moderate degree
is acceptable and necessary, therefore, an effective
form of structure to such projects is to create a
standard guide to each type of project, including
comprehensive step-by-step instructions of each part
of the project, because the students must have at least
a minimum mapping of what they are going to
produce, otherwise, they may end up lost or doing a
project that is unassessable. Moreover, throughout the
making process, as it is a long-term form of
assessment, the teacher must use an assessment table
that encompasses all the crucial elements of the
project, he must accompany his students in each step
to ensure they are going to the right path. In case they
fail in a step, they can continue and go to the next step,
failing in one step shouldn't be considered as a general
fail of the whole project, since the project's general
score can only be determined after all steps were
completed and assessed individually, besides it would
demotivate students and create an unnecessary higher
rate of failure in the classroom. Additionally, if a
student fails the project's general score, (which
encompasses the score of all steps) he doesn't have to
remake the whole project, he only has to remake the
steps with a low score. Each assessment must have a
certain variety of project formats for students, each
format is created for a specific type of student, which
should be assessed previously through neuro-cognitive
tests with an expert, all students must go through these
tests as a way of building a precise general profile of
the student's background, preferences, skills and other
personality traits. Also, the “student profile” concept is
an alternative to replace the “learning style” concept,
which is currently widely discarded by the scientific
community due to its unreliability. Basically, the
“student profile” concept is a way of recording the
general aspects of a certain student such as his
background, his preferences, and his skills, however, it
considers each student as an always-changing
individual, avoiding the idea of static traits, that is, it is
based on the idea that students are under constant
change and the role of education and neuroscience
professionals is to observe and use this information to
improve the student’s performance. Each assessment
must allow all types of students to have an opportunity
to build something realistic and cultivate their skills,
because having actual skills is not only beneficial for
aspiring entrepreneurs, it is also becoming a top
priority for many employers and companies, it's
noticeable that throughout the years a certain portion
of the labor market started to value applicable skills
over traditional qualifications, such as college degrees,

diplomas and the like [24]. Furthermore, creative skills
are probably one of the most important human skills,
according to Kaufman & Sternberg [25] during the
Middle/Upper Paleolithic period, humans could
already display a considerable level of creativity, it was
already a skill that was paving the path to the
development of the current society, he states that the
main reason for that is possibly due to a crucial
transition that happened when humans started to use
their intellect to develop complex vocal communication
systems, it made the human species stand apart, no
other animal was able to create such a sophisticated
form of language, through such system ideas could be
shared and propagated from one individual to another,
permitting a broader usage of concepts through
various distinct situations, including collaboration in
creative projects.

Besides creative skills, another set of skills developed
throughout the process in the project-centered
methods, are self-teaching skills, because to facilitate
the cultivation of creativity, firstly, students must have
initiative, they have to develop a certain degree of
independence, however, without a proper teacher and
method, this is less likely to happen. That is why, the
most adequate teacher to fulfill such a role would be
the one who acts more like a mentor or guide and less
like an authority, as we see in traditional classrooms,
which turns the teacher into an authoritarian leader
who shares his knowledge and students must mimic
him and reproduce his knowledge, as if imitating will
lead to learning. The adequate teacher would instead
choose a more cooperative approach, he would share
his knowledge as well, however, more inclusively and
collaboratively, he would find manners to allow
students to relate to the content lectured, in short, he
would act more like an adviser that shares his
understanding and offers aid when necessary, avoiding
a superiority approach. Hence, such a teacher would
incentivize the development of critical thinking and
independent thinking, tracking a path to autonomy and
eventually self-teaching. As stated by Zhang [26], the
concept of self-teaching, or as he mentions "not-
teaching", is an old concept that was already present in
Buddhism and Confucianism thinking, this concept of
education holds the belief that by not teaching, the
students would learn to become less dependent on
their teachers and would eventually develop means to
acquire knowledge by their own. Of course, there is an
adequate degree of self-teaching, firstly the teacher
must initiate the student's knowledge journey, helping
them with their first steps, however as the student
begins to display signals of autonomy, the teacher
should allow the student to follow his path, applying
the not-teaching concept.

2.3 Education System



In recent times, if we look at the education system of
schools around the world, it's noticeable that there are
a certain variety of system formats, some being more
inclined toward a traditional approach, others
preferring a more avant-garde approach, and of course,
there are some which are somewhere in between. The
fact is, we are in a transition phase, eventually the
traditional format will become obsolete due to its
incompatibility with contemporary society, little by
little avant-garde concepts of education are becoming
more prominent. Needless to say, not everything from
traditional education models has to be discarded, if an
idea displays effectiveness, it has to be kept, it's ideal to
gather the best of each set of concepts, as a great
example of an education system that combined
innovative practices with a traditional twist is the
Finnish education system [27], that will serve as one of
our main sources of inspiration throughout this article
due to its success in the last years [28].

Initially, it’s vital to point out some aspects regarding
teachers, professors, and other education
professionals, their role is the basis of every education
facility, therefore their significance should be taken
more seriously, that is, they should receive more fair
and respectful treatment, they should be seen as one of
the most crucial professionals in society, especially
teachers. Unfortunately in many places around the
world education professionals receive low payments,
they don’t receive proper training and qualifications,
and lastly, they lack resources and technology, leading
to low rates of satisfaction and eventually high rates of
turnovers [29][30][31]. Therefore, it's logical to
improve incomes within education roles, however,
investments in high-quality training and qualifications
are also fundamental, education professionals should
receive advanced training in learning neuroscience,
learning technologies and other education sciences,
furthermore, education programs should be more
selective, only highly-skilled and highly-talented
individuals should be chosen to become prospective
education professionals. Moreover, another essential
addition should be the implementation of an awarding
system that selects the best professionals in education
to receive awards and decorations based on their
performance and innovation, turning such individuals
into role models and a source of inspiration to improve
the educational environment, such an addition would
be a great way to recognize and motivate education
professionals. The Finnish education system is an
exceptional example of some of the previous practices,
their education programs are highly selective, only the
best students from high school are chosen to become
prospective teachers [32], Finnish culture considers
such professionals as highly-regarded individuals,
education careers are highly-valued within Finnish
society [33], also they have a higher level of autonomy

[34] and a high degree of satisfaction with their careers
[33], which explains the reasons behind their success.

Now, concerning students, the education system must
have a more personalized approach, avoiding static
curriculums and learning paths, flexibility allows
students not only to learn what they desire, when they
desire, however also where they desire, obviously a
certain degree of rules is essential, absolute freedom is
not logically possible. Furthermore, not all students
will have the same time availability, hence such a
flexible curriculum system would allow these students
to also study properly, decreasing school evasion.
Additionally, repetition of years should be
discontinued, students should only repeat subjects in
which they previously had low scores, repeating an
entire year may only demotivate students even more
and lead to an unnecessary waste of time and
resources due to a redundant learning path. Also, the
school network should allow students to attend classes
in other schools in case they need it, because for some
students, attending classes always in the same school
may not be viable. Regarding online classes, students
should also have the freedom to choose such a learning
model, however, a certain moderation is crucial, since
in-person classes offer a more complete experience,
therefore only in specific cases online classes should be
recommended. A great way to enforce the flexible
curriculum model would be the implementation of a
credit system, similar to the American Semester Credit
Hours (SCH) system [35], however with a more
sophisticated approach, in this case, we will name it
Flexible Credit System (FCS), due to its flexible nature,
below there is a further explanation of each component
of such a system:

@® Levels:

- Primary: refers to basic education, hence only
basic level subjects have a valid credit within
such level.

- Secondary: refers to intermediate education,
hence only intermediate level subjects (such
as high school and technical subjects) have a
valid credit within such level.

- Tertiary: refers to higher education, hence
only higher level subjects (such as academic
and professional subjects) have a valid credit
within such level.

® Types:
- Elementary: refers to standard subjects that

are considered fundamental to a certain
knowledge field, hence they are rarely altered



(such as English in primary education, it is an
essential subject that is compulsory in every
primary curriculum or programming in
computer science, it is a fundamental subject
present in every computer science degree
curriculum), such subjects are compulsory in
every curriculum, regardless of level.

Floating: refers to always changing subjects
that are included within the curriculum
according to the latest science and technology
advances and demands, as a way of preparing
students to become familiarized with the
latest advances. Of course, such subjects must
be related to the level or field, otherwise, they
will have no purpose for students within such
courses (for example students that are in a
civil engineering degree program, they will
have subjects such as “Innovative and
Sustainable Construction” or “Construction
Automation Technologies”, which are some
the most recent areas of study within such
field), furthermore, such subjects are
compulsory in every curriculum, regardless
of level.

Support: refers to subjects that are included
within a certain curriculum only when a
student displays significant struggle or
unfamiliarity =~ with certain  social or
educational demands as a way of
complementing his knowledge to assist him
in reaching the required level (for example a
secondary level student who displays
significant struggle with math and physics, as
a way of assisting him to reach the same level
of his classmates, support subjects such as”
Math Tutoring” and “Physics Tutoring” are
offered for him). Such subjects are not
compulsory in every curriculum, only in
certain cases they are required, as explained
previously.

Fields:

General: refers to subjects within a broader
field of study (for example in a computer
science curriculum  there  will  be
programming and math which are
elementary for every computer science
course, hence it is included in every
curriculum within a certain field, these
subjects are intended to bring a wider
approach, as a way for paving the path for
specific subjects), every curriculum is
required to have such subjects.

- Specific: refers to subjects within a narrower
field of study (for example in some computer
science curriculums there will be C and C++
subjects, while in others there will be Python
and Java, hence it may vary according to the
course, these subjects are intended to bring a
more specialized approach), every
curriculum is required to have such subjects.

Obviously, a minimum standard should be developed
across the education system network to allow the
proper operation of such a system, otherwise, it will
lead to an ineffective network. Essentially, every
curriculum must have elementary, floating, general and
specific subjects, moreover, overlaps are completely
acceptable and necessary, that is, elementary subjects
will eventually be general subjects simultaneously in
certain cases, just as floating subjects can be specific
subjects simultaneously as well, floating subjects can
also be general and elementary subjects can be specific
as well, since fields and types are not directly
correlated, now elementary subjects can never be
floating simultaneously. To reach the required credit
amount, students must attend a certain number of
hours and a certain score within elementary, floating,
general and specific subjects, additionally, support
subjects only become compulsory when a student
displays the need for extra assistance in a certain
subject (or subjects if it is the case), therefore an
independent credit bar will be generated called
“support credits”, fundamentally students within
support subjects will have to reach the required credit
hours for this independent bar, besides that, support
credits don’t have to be included in the student final
assessment table, since their purpose is only to offer
aid for elementary and floating subjects. In this system
students are much more freer to personalize their
curriculum and learning path, as mentioned before,
students have the freedom to choose what, when and
where they will study, once it reaches the required
credit amount and it is under the education system
standards, a great example of how this freedom works
is the following situation: a certain student lives in a
neighborhood close to School A, hence he studies most
of his subjects there, however he is not satisfied with
the floating subjects offered by such a school, then he
searches on the internet and finds out about School B
and School C which are located in other areas and offer
different subjects that are not included in School A
curriculum, however School C doesn’t offer the subject
he wants to study in his level, because it is a primary
school and he is in secondary level, now School B offers
the subject he wants in his level and since the school
network system offer a diverse range of floating
subjects depending on the school unit, he is open to
choose what he wants, therefore he is able to study
some subjects in School A and some in School B. The



core concept of the FCS is to turn credit hours into a
sort of currency, students will be open to customize
their curriculum in the most variable ways, depending
on the number of credits they will be able to trade for
diplomas, degrees and certificates, the main intent of
such a network is to bring a dynamic and
individualized approach.

It's indeed quite advantageous for the FCS to keep not
only a local network for each school, however also a
larger network for interconnection between schools
within the same system, because it's a great way to
build a database of reports, histories, and other useful
information, such a network could be also a way to
organize events, such as online conferences, classes,
and meetings. Also, it would be enriching to the
education environment to perform in-person events
among schools, such as festivals, campaigns and
seminars, furthermore, partnerships with
organizations, companies, and other institutions would
be an excellent way to bring the latest innovations, as
well as experts from such fields as a way of inspiring
and familiarizing both students and education
professionals with the latest novelties. Moreover, as a
way of preparing students for their future careers,
every secondary school should bring career and
academic counseling to a certain extent, preventing
students from possible future regrets due to poor
choices. When finishing their studies, students will not
only receive their diploma, degree, or certification,
however, also, they will end up with a portfolio, which
will contain all their projects and performance,
bringing a detailed summary of their general profile,
including their skills, preferences, and background.
Lastly, regarding student behavior, in case of
misconduct, the student must receive a penalization
according to the severity of the incident, which may
include warnings, detentions (that include support
subjects for “good conduct”), suspension, and
expulsion, fundamentally, warnings are the lightest
form of penalization, detentions are slightly more
severe, they worth two warnings, suspension worths
three warnings and expulsion worths four warnings,
being the most severe of all penalizations and leading
to the banishment of the penalized student from the
institution.

2.4 Education Technologies

Throughout history education tools have always been
an essential part of education, coming from ancient
traditions that relied on papyrus, scrolls and books, to
the information era, which includes eBooks, education
apps, tablets, smartphones, smart boards, and others.
Since the advent of computers and lately the internet,
education has changed dramatically, many new
possibilities have arisen, however, many of them are
still mostly theoretical and undiscovered, that is why

across the next paragraphs we will dive into three
different technology categories and understand how
each one of them may be beneficial for educational
purposes, such categories are hardware, software, and
networking.

In terms of hardware, some schools around the world
already have a notable amount of devices, however,
still, it's mostly not so well structured and in many
cases it has an informal approach. The adequate
structure of an intelligent classroom would include a
smart board constituted of three to four large
touchscreen displays (similar to the Samsung WAC
Series), set next to each other forming a larger
interconnected display, that is, these multiple screens
might work as one dispositive, if for example a teacher
wants to use a stylus pen to make some sketches on the
board, he would be able to draw them continuously
across all the integrated displays. Moreover, each
student should also have a personal touch screen
display (similar to iPad Pro or HP AiO) for education
purposes, which he would use as a digital substitute for
a notebook or a notepad. Of course, the student would
still be able to use physical notebooks or notepads in
case he prefers, however, digital displays would be
favored. Furthermore, smart illumination is also a
great addition to the education environment, according
to Sleegers et al [36] cold lighting atmosphere makes
students more attentive, while warm lighting promotes
creativity. Another enriching inclusion would be the
utilization of various hardware technologies such as
Raspberry Pi, Banana Pi, Arduino, Lego Mindstorms,
and others, these technologies would be a great choice
for introducing students to electronic engineering,
especially primary and secondary school students.
Additionally, 3D printers and laser engraving machines
could be also used simultaneously to bring a highly
creative experience to classrooms. Lastly, as an
extension for interactive displays, stylus pens should
be present with every student and teacher, since they
bring highly dynamic approaches to learning and
teaching, allowing sketches, drafts, and brainstorming
with ease across many displays. Moreover, a crucial
consideration for such intelligent classrooms would be
the implementation of practices to prevent blue
lighting damage, because many types of screens emit
such type of light, hence, protection methods such as
blue light filters, blue light blocking glasses, and blue
light blocking software should be present in every
classroom [37] [38]. The inclusion of all these digital
technologies brings a dynamic and enriching way of
teaching and learning, as digital devices bring
uncountable new possibilities to classrooms that
traditional education tools couldn't provide. A notable
example of a school that included some of the previous
practices is Wenzhou Middle School of Zhejiang
Province, such a school was a pioneer of Maker



education in China, in this school Arduino platform and
3D printing are used to allow students to express their
creativity within school projects, allowing them to not
only absorb information, however, also, create
knowledge through practice skills [39].

Now, concerning software aspects, when developing an
education platform, one of the first things to consider
are “desirable difficulties”, which is a sort of technique
that makes the student take effortful and unintuitive
learning paths as a way to learn more durably,
according to Elizabeth Bjork and Robert Bjork [40]
such an addition leads to better learning by increasing
the processing of material, rather than being
distracting, when a student is tested frequently about
the material that he has just learned, learning is better
[41], furthermore, during testing, spaced practice is a
fundamental addition, a key aspect of spaced learning
is that relearning material is most effective just before
the learner forgets the material [41]. This requires
sensing when a learner is getting rusty about the
material, a level of attention that a teacher in a
classroom cannot achieve at any scale, for that reason a
few “probing” assessments are necessary to fine-tune
the spacing for each student [42]. A good practical
example of spaced learning is the awarded Estonian
app Lingvist, this application uses advanced Al
technology to teach languages in a highly personalized
way, essentially, each user’s learning path is built most
optimally based on his responses [43]. Another great
addition would be interleaved content, according to
extensive research, this practice brings some benefits,
instead of learning in blocks as in traditional methods,
when learning math for example, multiplication
alternated with division would be more ideal, since it
would lead to the previously mentioned desirable
difficulties, however, obviously in a large classroom
environment it may not be always viable [41] [42].
Regarding video lectures, as indicated by some
researchers, it was noted that ten-minute chunks or
shorter are the best way of teaching [44], anything
longer than that may lead to a state of mind wandering
[45], therefore, courses should use up to 10 minutes of
lecture segment, switch to another learning mode, then
return to a 10-minute lecture segment, and so on [46].
Lastly, feedback is an essential element within
learning, according to Sharma and Bonvillian [42],
delayed feedback is also a desirable difficulty, however,
it may take time, in certain cases pithy feedback may
be beneficial in terms of the allocation of total time in a
learning task, however, it is not always the case [47].
Simulations are also an effective way of teaching,
although they have been utilized in pilots and driver
training for many years [48], there are still many gaps
unexplored, this versatile method can be applied in
nearly any field, some of the biggest advantages of such
a method would be the visual and auditory elements
present in it, which may bring a more clear and

concrete learning to students. Some innovative apps
that could be enriching to the classroom environment
as well, would be Obsidian, a minimalistic notes app
that allows the creation of complex mental maps with
simple commands, Reclaim.Al, a web-based time
management app created as a Google Calendar
extension, and Canvas, a graphic design app that allows
the creation of a wide variety of visual projects with
ease, such apps could be very useful in a diverse range
of classroom activities. Additionally, an excellent
example of an effective teaching model that utilizes
software technologies within learning is the TEAL
method, fundamentally it is a model that employs the
interactive group structure with an emphasis on
hands-on desktop experiments (pioneered by the
Studio Physics courses) and added several new
components [49] [50]. As stated by Dori et al [51] a
fundamental pillar of TEAL methodology is the
utilization of visualizations and simulations to
understand better and manipulate physics concepts,
diagrams and graphs, both two and three-dimensional
visualizations, animations and simulations with the use
of technologies allow students to explore and fully
understand phenomena, reactions and events in real-
time and in a natural dimension. Besides that, concept
questions with “clickers” using the Peer Instruction
methodology developed by Eric Mazur were also
integrated into the TEAL methodology [52]. As
reported by Dori & Belcher, the introduction of TEAL
led to increased attendance, decreased rate of failure
and more interactive teaching focused on helping
students learn content rather than the delivery of
content [53].

Finally, regarding networking within the education
environment, firstly it's essential to consider an
intelligent network that turns the school into an always
adapting interactive ecosystem, as mentioned before in
the Education System part, there will be a larger
network that connects all schools within the intelligent
schools standard, then, there will be a smaller local
network, specially built for each school itself. The
larger network will be useful for organizing events
among schools, sharing information about classes and
students as a way of building an education database, of
course, certain information within such a database may
be sensitive and private, that’s why, a certain degree of
confidentiality is required to manage such information,
and lastly this network will be utilized to share
instructions regarding intelligent education and the
like, furthermore, online training classes will be
provided through such a network. Now, in terms of the
local network, fundamentally, it will be utilized to
manage classes, assessments, complaints, maintenance,
and other topics related to the school itself, it would be
ideal to utilize micro-segmentation when building a
local network for information security reasons, this



network would be also utilized to manage and connect
IoT devices, such as smart lights, solar panels, presence
sensors, air-conditioners, smart boards, automated
windows and doors, security cameras and others,
basically, every smart device would be integrated into
the school network. Moreover, another convenient
addition would be the implementation of an ID Tag
system, essentially, each student and education
professional would have an ID Tag, similar to Apple
AirTags, however with some extra features, such
dispositive would be used to identify students and
education professionals, besides it would automatically
communicate with sensors to record entry and exit
time of the identified person, these sensors would be
located at school entrances, classroom entrances, and
laboratory entrances, as a way of recording precisely
the attendance time of such individuals, all this
information would be automatically added to the
school database platform, allowing automated and
convenient monitoring and tracking, this feature would
eliminate the necessity of traditional roll-calls since
their attendance would be recorded automatically.

2.5 Education Policies

As a great foundation to build an intelligent school,
innovative education policies are a great start, firstly
one of the additions to consider is a public-private
partnership (PPP), some studies indicate that such
practice may facilitate service delivery and lead to
extra financing for the education sector as well as
expand equitable access and improve learning
outcomes [54]. Overall, PPP in school education may
function to provide infrastructure services, support
services, and educational services, moreover, in certain
countries, government contracts with the private
sector may provide some education services, including
curriculum design, teacher training, management
personnel, etc [39]. Secondly, another addition to think
about is decentralization, local authorities should have
a certain level of autonomy, because each region may
have its demands and specificities, for example, for
some schools, industry and technology subjects may be
essential due to the local industry needs, now, on other
schools, science and research subjects are more in
demand as the regional research center have a high
need of new scientists, hence, no education institution
should be identical, adaptability is crucial to fit in
within each context. An inspiring example of a policy
model that includes a certain degree of
decentralization are the Finnish education policies,
according to certain literature, in Finland, local
authorities have enhanced autonomy to maintain the
basic and upper secondary level education institutions,
also Finnish schools have some degree of autonomy as
well, local authorities decide the degree of this
autonomy, overall, schools have the authority to

organize their educational services as long as the basic
requirements, stated by the law, are met [55] [56] [28].
Furthermore, it would be advantageous to educational
institutions if policies to incentivize the development
of an education technology industry were
implemented, allowing the creation of advanced
technologies optimized to education fields, also,
research centers specialized in education sciences and
technologies would be a crucial addition as well since it
would allow a cycle of development and generation of
deep know-how that could be highly fruitful to
education as a whole. Another exceptional inclusion
would be the implementation of a conceptual school
model, such a system would work as a medium for the
latest technologies and methods developed by both
private and public research, it operates similarly to
“beta” and “alpha” versions of software engineering,
the alpha version would be the testing models within
research center labs and the beta version would be the
close-to-completion model used in conceptual schools
[57]. The model used in such schools should be
properly developed and tested during the alpha phase
in research labs, then, the most viable of all the tested
concepts should be selected to go to the beta phase
within conceptual schools, as a way for gathering
know-how experience and for refining the model until
it reaches a reliable level to become a RC (release
candidate) and eventually a production release, that is,
when it becomes sufficiently polished to become
widely used within the standard education model [57].
Lastly, as indicated by Bolden & Tymms, regarding
policymaking, it's fundamental to restructure the
mechanisms of national policymaking so that it is not
closely tied to the short official lives of government
ministers, the government needs to set a general
direction, however educational decisions relating to
such matters as curriculum content and national
testing should be devolved to a non-political body
which is set up for the long haul [1].

3. Results and discussion

In terms of architecture, it was noted that basic
elements such as lighting, noise, temperature, and air
quality are fundamental to students’ performance,
moreover, accessibility is crucial to disabled students
develop a satisfactory learning process. It was also
noticed that a modular project is essential on both
architectural and interior design levels, furthermore,
minimalism should be aligned with modularism,
because both concepts complement each other.
Additionally, a utilitarian and aesthetically pleasing
design with neutral decor elements is ideal for
education environments due to its unbiased nature,
prioritizing simple decors and natural elements such as
plants and the like, which are also beneficial for mental
health. Lastly, it was observed that green architecture
and circular built environments are able to bring



numerous benefits to various levels of education
environments.

Now, regarding education methods, it was noticed that
project-centered methods are more beneficial than
traditional test-based education because they
stimulate the development of skills applicable to real-
world situations. However, to allow an adequate
assessment, a certain degree of standardization is
required. Besides that, the student profile concept is
crucial throughout the process due to its precise
information that allows a personalized approach to
improve students' performance. Finally, the self-
teaching concept is vital to nurture and cultivate the
student’s independence.

About the education system, firstly, it was observed
that education professionals and especially teachers
should be more valued within society, hence, a better
income, higher quality training, and qualifications are
all pivotal to having better teachers and consequently a
better education. Also, education programs should be
more selective, only highly skilled professionals should
be chosen to become prospective teachers. In regard to
students, a flexible curriculum should be adopted,
however, with a certain degree of rules. A great way to
enforce a flexible curriculum would be the
implementation of the FCS model, the core of such a
system would be to turn credit hours into a sort of
currency, bringing a dynamic and individualized
approach.

In respect to education hardware technology, the
Intelligent School classroom would include a smart
board, a personal touch screen display for each
student, smart illumination, hardware and electronic
technologies for engineering education, 3D printers,
laser engraving machines, stylus pens for interactive
displays and techniques to prevent blue lighting
damage. It was noticed that the inclusion of all these
technological elements would bring a much more
enriching and dynamic way of teaching and learning
since such technologies allow many possibilities that
traditional classrooms could not provide. Furthermore,
respecting education software technology, the first
things to consider are “desirable difficulties”, which
include spaced learning, interleaved content, and
delayed feedback, it was observed that such a method
leads to better learning. Also, concerning video
lectures, it was noted that videos with up to 10-minute
chunks are more adequate for students because they
avoid the state of mind wandering. Lastly, it was
noticed that simulations are a powerful and versatile
way of learning due to their visual and auditory
elements. Now, in respect to networking in education
environments, it is essential to consider an intelligent
network that turns the school into an always-adapting

interactive ecosystem, that would include a larger
network and a local network. Another convenient
addition would be the implementation of an ID tag
system that would be used to track and identify
students and education professionals within the school
environment.

Finally, relating to education policies, it was observed
that one of the first additions to consider would be a
public-private partnership since it would bring a more
efficient implementation process on several levels. The
second addition would be a certain degree of
decentralization because it allows local authorities to
have more autonomy to adapt their educational
process according to their demands. Also, it would be
advantageous to education institutions if policies to
incentivize the development of an education
technology industry were implemented. At last,
regarding policymaking, it would be fundamental to
restructure the mechanisms of national policymaking
so that it is not closely tied to the short official lives of
government authorities.

4. Conclusion

At last, as the final considerations, we conclude that
various fields require attention when rethinking
education, creative practices are crucial, especially
within education methods, adaptive approaches are
essential, especially within the education system,
neutral concepts are fundamental, especially within
interior design, decentralized dynamics are pivotal,
especially within education policies, integrated
networks are vital, especially within education
technologies, efficient procedures are indispensable in
all education fields and lastly, sustainable attitudes are
critical, especially within architecture, if we include all
of these concepts into the implementation process we
end up reaching seven main principles of Intelligent
Education that can be referred as CANDIES (Creative,
Adaptive, Neutral, Decentralized, Integrated, Efficient
and Sustainable). Evidently, despite the notable
success of the several practical examples cited
throughout this article, it's crucial to say that the
models and techniques applied in such examples may
not work in case they are reproduced in distinct
circumstances, every example mentioned in this article
should be considered firstly as an inspiration model
and secondly as a practical evidence, they should never
be simply mimicked, every concept mentioned here
must firstly be adapted to its circumstances, a previous
accurate planning is fundamental for every
implementation. Lastly, as Intelligent Education is still
a quite recent concept, further research is needed,
therefore, more articles concerning such a topic are to
be expected.
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