S0 WHAT /S GREATIVE TEGHNOLOGY?

o fully understand the concepts presented throughout this book, we need

to take a little journey back through history to understand and define the
term “creative technology”. Creative technology refers to.the innovative use of
technology to foster creativity, problem-solving;. and hands-on learning
experiences. It involves leveraging digital tools, software, and hardware to create,
design, and build projects that are often interdisciplinary. In the context of this
book, | will use creative technology to mean technology that is used for creative
learning and expression.

Creative technology is grounded in Jean Piaget’s theories of constructivism,
which emphasize that learners/ build their understanding through experiences.
Active learning is in focus, ‘where students actively engage in constructing
knowledge rather than passively receiving information. Teachers provide support
structures to help students move progressively toward stronger understanding
and greater independéence, while also encouraging students to reflect on their
experiences to consolidate their learning. In essence, the students are
constructing their knowledge and understanding through meaningful hands-on
learning experiences.

Stemming out of constructivism, we find constructionism, developed by
Seymour Papert, who posited that learning is most effective when learners
construct a public entity, something shareable outside of their minds. It involves
learning by making, where students learn concepts deeply by creating projects
that reflect their understanding. Papert, one of the creators of the programming
language Logo, worked to create a way to use technology as a medium for
creation, such as programming robots, designing video games, or creating digital
art. These projects should be personally meaningful to students, motivating them
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to engage more deeply. Papert addresses many powerful and invaluable concepts
in his book, Mindstorms: Children, Computers and Powerful Ideas. Emphasis on
powerful ideas - computers were merely the mediators between the child and the
powerful ideas.

Computational Thinking (CT) features in the context of creative technology as
a way of approaching creative programming. Computational thinking in education
refers to problem-solving and a thought process that involves approaching
complex problems in a way that draws on concepts fundamental to computer
science. It involves active design and creativity in breaking down problems into
smaller, more manageable parts, recognizing patterns, designing algorithms, and
developing step-by-step solutions. However, computational thinking is not limited
to computer science; it is a cognitive skill set that cantbe applied across various
disciplines. Indeed, if we observe a child in a Montessori classroom working with
one of the materials, we see these cognitive skills'in action. Key components of
computational thinking include decomposition, breaking down a complex problem
into smaller, more manageable parts or. tasks; pattern recognition, identifying
patterns and trends within data or problems; abstraction, focusing on the essential
details while ignoring unnecessary information, helping to create generalizations
and models; and algorithmic thinking, developing a step-by-step solution or set of
instructions to solve a problem.

Key Components of
Computational Thinking

Decemposition

breaking down a complex
problem into smaller,
more manageable parts
or tasks

focusing on the essential
details while ignoring
unnecessary information,
helping to create
generalizations and models

identifying patterns
and trends within
data or problems

Algorithmic thinking

developing a step-by-
step solution or set of
instructions to solve a
problem

Fig: Key Components of Computational Thinking
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The STEM movement grew in popularity at the beginning of the 21st century as
a result of a growing focus on the subject areas of the acronym - science,
technology, engineering, and mathematics — due to a trend in lower student
achievement rates in these disciplines. The history, context, and undercurrents of
this movement would require a separate book. However, out of this movement
emerged a new addition to the acronym, namely A for Arts. The goal of STEAM
was to provide a holistic and well-rounded education that not only developed
technical skills but also fostered creativity, critical thinking, and innovation. STEAM
education aims to prepare students for the demands of the 21t century by
providing a well-rounded skill set that includes both technical and creative
proficiencies. It is this iteration that is highly prevalent still today. STEAM
emphasizes hands-on, project-based learning, collaboration, and the application
of knowledge in practical contexts. This interdisciplinary approach reflects the
interconnected nature of these fields in the real world and .encourages students to
see the relationships between different subjects.

With that said, | would like to take a step further.and quickly discuss the STEAM
concept in the context of the Montessori approach. After the addition of the A to
STEM, there were other efforts to continue adding more subject areas, such as R
for robotics, reading, or religion/{(depending on which sources you consult), or a
little “e” in front to indicate an environmental aspect, or an extra M at the end to
squeeze music in. Coming ‘from a Montessori background, this whole idea makes
me giggle if 'm being honest. Why are we not adding all the letters of the
alphabet, or just dropping the whole idea, and rather returning to our holistic
Cosmic Education, where you will find all the S, T, E, M, A, R, e, and multiples of
each that you require."I concede that there is a need to present the new
technologies in the mix of the curriculum, and a Montessori traditionalist may feel
that it would compromise the original methodology. But | would strongly disagree,
as Montessori herself demonstrates several times in her writings, referring to
“machines” and the sciences as an important part of the curriculum. In her book
“Creative Development of the Child”, she says, “This then is our task, to gather the
highest discoveries that have been made in the sciences, to render them clear
and fascinating, and offer them to childhood.” There’s really nothing to quibble
about here. All the interdisciplinary learning, creative problem-solving, and
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integration of the aesthetic subject areas from STEAM should be found in an
authentic Montessori elementary classroom.

The concept of creative constructing is found in Maker Education, a creative
learning approach that emphasizes hands-on, collaborative, and creative problem-
solving experiences through practical projects. It involves the use of tangible
objects, including tools, technologies, and materials to engage learners in
constructing, designing, and tinkering with physical objects. Using objects and
materials that are readily available makes the maker movement accessible to any
classroom, with a DIY (“do-it-yourself”) culture where students, often referred to as
“makers”, explore their interests and can design, experiment, and iterate on
projects based on these interests, developing a mindset of curiosity and
experimentation. The maker movement has an added element of collaboration in
the maker spaces where students work together, share ideas, and solve problems
collectively, and this, therefore, turns DIY into DIT-='do it together!

It is here we also find Tinkering,7an approach that involves manipulation
and experimenting with materials to understand<how things work, valuing
exploration, experimentation, and iterative learning. Experimentation allows
students to experiment freely without a predefined outcome, cultivating a spirit of
exploration and a playful attitude toward learning where curiosity and imagination
drive the learning process. One of the concepts in Tinkering that is so in line with
the Montessori philosophy is the importance of iteration, where students learn
from their mistakes and continuously refine their projects. In other words, they
build, test, reflect, and«ry again — learning from what doesn’t work and finding
better or more effective ways to reach a goal with their creation. The friendly
attitude to error at work in practice. This attitude of wanting to improve, to do
things better, is evident in our children’s work - perfecting is, after all, one of the
basic human tendencies that Montessori wrote about. This drive to perfect their
work means we activate the child’s inner motivation, and they are engaged
because this is a significant, meaningful activity.

Another aspect of Tinkering that makes it such a wonderful approach in any
classroom is the idea of using simple objects and materials from what is available.
This makes it low-cost and accessible to anyone. Pick up something and start to
tinker, let the creative process lead you to unexpected places. What about taking
an everyday object and repurposing it? Can a hairbrush have other functions?
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Find something, pull it apart, rebuild, ...tinker. This can be a completely screen-free
option, as well. In a Montessori context, it relates directly to the Timeline of
Technology and lessons on simple machines, extending demonstrations and
experimentation on levers, gears, pulleys, and other simple machines that
technology is built upon.

It is here we find ourselves, with creative computing in our hands, ready to be
integrated into the Montessori classroom. Creative computing education refers to
an approach that emphasizes the use of computing and technology tools to foster
creativity, self-expression, and problem-solving skills among students. It involves
empowering learners to use digital tools not just as consumers but as creators,
encouraging them to explore, experiment, and express their ideas through
technology. Through elements of coding and <programming, project-based
learning, and multidisciplinary integration, creative computing encourages
problem-solving, critical thinking, open-ended' exploration, and digital literacy to
go beyond rote learning of technical skills andinstead nurtures a mindset of
innovation, curiosity, and creative expression through the use of digital tools. It
aligns with the idea that technology can be a powerful medium for fostering
creativity and empowering students to become active contributors to the digital
world.

How we bring these  creative technology tools and skills into the Montessori
classroom will bediscussed in later chapters, but in short, we must present the
skills to our students and provide the structures of the prepared environment for
them to practice the skills and then use them in their active learning and their
creative expression of their discoveries. In the words of Mitch Resnick, MIT Media
Lab professor and the creator of Scratch, we first learn to program and then we
learn through programming. This correlates perfectly with how we present and
practice any practical life skill in a Montessori context. We first present the skill as
an isolated skill, broken down into its unique components and sequences of basic
use. We demonstrate this in the first chapter of Part Il of this book. Then, as
children practice and master the skills, they can transfer them into their learning.

In her book “Montessori: The Science Behind the Genius”, Angeline Stoll Lillard
suggests that the Montessori curriculum as a whole is an exceptional example of a
true constructivist program. As such, all of these movements that have their
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foundations in constructivism should therefore fit hand in glove with the
Montessori approach. Montessori wrote and lectured repeatedly about the child’s
construction and reconstruction, both psychologically and physically. In To
Educate the Human Potential, Montessori discusses the ease of deconstructing
versus the complex work of reconstructing. Taking something apart,
deconstructing it, is an interesting exercise to understand how the parts go
together. But reconstructing it, building something, becomes an even greater
learning experience, as the child not only understands deeper how it is put
together but there is an aspect of creation that takes place. A reconstruction, that
now includes some part of the child’s imagination in it, somehow a new creation.
How relevant this idea is in light of creative technology. Imagine the degree of
learning and creativity that blossoms as children are allowed not only to see how
something, perhaps a coded program, is put together. And not just pulling it apart,
they can now remix and create a new iteration, not'merely:a copy, but now leaving
in this new creation a trace of themselves, their imagination. What a powerful
realization!

“We conclude that intelligence is not merely a power of remembering
the perception of images, but a power of constructing and
reconstructing. This is a power given to man by nature and, as it is
natural to man, it is also found in children. Children have not only the
power of understanding; they also have the greater power of
constructing complex ideas... Children are endowed with a power that
enables them to reconstruct things which are very complex, and they do
so with great pleasure. This is the special period for the construction of
the imagination.”

“The construction of the child’s mind comes through the child’s own
efforts in this imaginative period and this leads the child to an
intellectual possession of the world without the help of a teacher.
Although the child, without help, does this work instinctively, we can
also stimulate this development. We have seen that the child tries to
construct ideas through his own efforts but these efforts are often very
great and often very tiring. He will be more successful if we give him the
elements which will provide him the means to acquire a more exact
vision.”

Maria Montessori, The 1946 London Lectures
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