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Abstract

The authors of this paper have analyzed the distribution of educational institutions in Ukraine that use the
STEM-STEAM-STREAM approach and methodological tools of M. Montessori pedagogy. The authors used Google
Maps to search, identify and quantitatively analyze the distribution of these institutions. The results of data
processing are presented in the form of author’s maps and diagrams, which indicate the number of Montessori
pedagogy centers and STEM-STEAM-STREAM training centers for each region. The authors also analyzed the
content and organization of some Montessori centers in Ukraine based on the data of the official websites of
educational institutions. The authors used the method of Gartner Hype Cycle to obtain a conclusion about the
state of development of pedagogical technologies. Comparison of the principles of pedagogy M. Montessori and
STEM approach to education reveals many common didactic features based on the ideas of constructivism in
education. In particular, the authors note the features of active interaction of subjects of the educational process,
the development of curiosity, change of the teacher functions.
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1. Introduction

The rapid changes and challenges of the 21st century require the society to foster the skills and readiness
of individuals for successful socialization and adaptation. This leads to the development of variable
education in Ukraine, which is reflected in the reform of education at all levels. The autonomy of
educational institutions [1] enables the provision of educational services based on a variety of innovative
programs and methods. One of the popular and supported by the state [2] approaches in the educational
environment is STEM [3, 4, 5, 6, 7], which integrates science, technology, engineering, and mathematics.

The pedagogical system of M. Montessori [8] is recognized as a classic innovative technology of
education for children from the early age, which is evidenced by the existence of numerous pedagogical
centers. The Montessori approach adheres to the principles of humanitarian pedagogy: the child’s
personality with all its individuality, similarity and difference from other children is the focus of the
educational process [9].

However, the pedagogical challenge of early identification and development of engineering abilities
is particularly relevant in the era of fast-paced development of tools and technologies. In this context,
innovative learning technologies, such as the STEM approach in education [10, 11], are expected to
provide significant assistance.

The emergence of educational centers in Ukraine is a result of the demand of the society and the state.
How relevant is M. Montessori’s pedagogical technology for domestic educational institutions compared
to the STEM-STEAM-STREAM approach? What are the commonalities and differences between these
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pedagogical systems? Up-to-date data for the answers can be obtained through the use of web mapping
service tools Google Maps.

2. Related work

Almost 120 years of implementation of Montessori pedagogical ideas around the world are reflected
in numerous scientific works [12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31,
32, 33, 34, 35, 36, 37, 38, 39, 40, 41]. The ideas also prove the relevance in the 21st century: from the
earliest works on the introduction of Montessori methods as a didactic tool for speech development of
preschool children and teaching them to read and write [8], through the study of sensory and motor
skills, game techniques to stimulate communicative activity of preschoolers as a basis of speech skills.
The need for integrative techniques based on the STREAM approach is revealed in the work of Krutiy
and Hrytsyshyna [10]. Mavric [9] emphasizes on the importance of pedagogical ideas of M. Montessori
for educational systems of the 21st century exploring the didactic aspects of personalized instructions;
in particular, she points to the dual role of the teacher as “knowledge facilitator who offers advice and
is a training specialist” at the same time. The same work shows the best academic results of the pupils
comparatively to other public or private primary schools, in particular, in mathematics and physics [9].
Essential for the Montessori teaching method is the dynamic interaction of the triad “child, teacher,
environment (prepared situations)”. Remarkable is comprehension of the Montessori Method proposed
by Marshall [11] in the context of two important aspects: educational materials and the way in which
the teacher and the design of the prepared environment promote independent interaction of children
with these materials. It also draws attention to confirmed over time significant adaptability of the
method.

On the other hand, socio-economic processes and challenges of the 21st century determine the
problem of high-quality technical and technological teaching of the younger generation: the STEM
abbreviation is actively used in all spheres of our life to describe processes in the agro-industrial complex,
medicine, energy, robotics, IT market, transport, industry, and, above all, in education [42, 43].

The abbreviation STEAM (Science, Technology, Engineering, Arts / All, and Mathematics) is widely
used nowadays to indicate that the technology is used to study not only technical sciences but also
arty disciplines, for example, industrial aesthetics, industrial design, 3D modeling, architecture, cinema
[44, 45]. Another important area is the STREAM approach in education (Science, Technology, Reading
+ WRiting, Engineering, Arts and Mathematics) aimed at early education of the culture of engineering
thinking and the formation of pupils’ skills in technology, science, reading and writing, engineering , art
and mathematics. This approach is intended to form critical thinking of preschool and primary school
children; according to the age characteristics, mainly emotions are used to motivate the children to
learn [10]. In general, the key aim of STEM-STEAM-STREAM approaches to curriculum development
is to expand the consciousness of participants of the educational process, help to actively respond to
changes in reality but not “direct transfer” of knowledge [2].

At the same time, according to Lapon [46], the methods based on the ideas of M. Montessori are
focused on the education of respect for learning, encouraging the child’s curiosity through realistic
experience, creativity and self-understanding.

In order to determine the probable “points of contact” of the STEM / STREAM approach and M. Montes-
sori’s methodology, we will consider their peculiarities of educational process. According to the de-
scription of Dychkivska and Ponymanska [8], M. Montessori’s method is aimed at studying five aspects
of life: practical life skills, sensory, mathematics, speech development (reading and writing), space
education (history, time, nature). The child’s independence and freedom is at the center. Possibility for
pupils to make mistakes, analyze them, seek help from more experienced pupils or the teacher. This
technique effectively encourages the development of critical thinking and forms the skills of finding
creative approaches to problems solving [46].

A long time of research and practical implementation of methods based on the ideas of M. Montessori
showed that it is most effective at the early stages of child development. This leads to the assumption
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about its similarity with STEM and STREAM approaches aimed at early career guidance of new
generations, deepening skills, creating opportunities for research work, conducting scientific and
technical activities and more.

3. Research methods

The aim of the article is to clarify the roots of common features of Montessori pedagogy and teaching
methods based on the STEM-STEAM-STREAM approach. Subsequent aim is a comparison of their
applicability in the educational space of Ukraine based on data web mapping service Google Maps.

To compare educational technologies in Montessori schools and STEM-STEAM-STREAM educational
centers, the analysis of scientific literature and data from open sources is used, which demonstrate the
current practical aspects of the implementation of these methods in Ukraine.

An important indicator of the activity of the use of the above mentioned innovative learning tech-
nologies is the public demand for running of the related centers of education. For this purpose, the
search and identification by means of the web mapping service of the Google Maps system was used. An
example of the result of such a search is shown in figure 1; it demonstrates a screenshot of the Google
Maps application for a search inquiry for the keywords “Zhytomyr Montessori School”, “Zhytomyr
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Montessori Kindergarten”, “Montessori Zhytomyr”.
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Figure 1: Search for Montessori centers in the city of Zhytomyr using the search and mapping service Google
Maps.

4. Results and discussion

Comparisons of the system of free education of M. Montessori and STREAM-approach in education
reveal many common features, in particular:

« focus on the formation of certain skills, their conjunction with knowledge of the world around,
self-awareness and own role in society;

« the possibility of effective implementation of these technologies at all stages of child development;

+ joint activities of teacher and pupil aimed at solving practically significant problems;

« use of acquired skills in everyday life with an approximation for future professional activity;

« promoting communication and team spirit;

+ development of interest to certain actions, subjects, and the process of new knowledge obtaining;
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« introduction of creative and innovative approaches in the educational process;

« preparing the student for future successful socialization and the formation of lifelong learning
skills.

4.1. The paradigm of constructivism in education as the basis of similarity of
methods

The similarity of these pedagogical technologies, the implementation of which separates 100 years,
should be evaluated as a practical embodiment of the constructivist paradigm of education; its origins
are in the interdisciplinary field of philosophy, psychology, sociology and education [47]. Note that
the development of constructivism as an evolutionary epistemology began with the works of von
Glasersfeld [48], Piaget [49], Vygotsky [50] and others. The main idea of this philosophical trend in
the context of learning and teaching concerns the mutual influence of participants of the educational
process and learning environment [51]: knowledge is formed through active social interaction and
communication where shared experience is developed; learner builds during the learning process a new
understanding and concept of the learning environment.

The important role of the paradigm of constructivism for the functioning of the digital educational
environment is pointed out by Tchoshanov [52]. Lee and Lin [53] demonstrate the paradigm application
in the context of distance and blended learning emphasizing that the aim of any methodological system
is not transfer of knowledge in a ready form but creation of pedagogical conditions for successful
self-development of learners according to their own educational trajectory. In addition, the paradigm of
constructivism is characterized by personal orientation and respect for students, promoting indepen-
dence, teamwork, attention to the formation and development of skills to solve problems of different
sources [54], i.e. flexible skills or skills of the 21st century.

Note that STEM education, as well as the method of M. Montessori, in addition to scientific and
technological components of education, focused on creative development of personality, critical thinking,
independence in decision-making, empathy for society and other characteristics that are key skills of
the 21st century.

Another important feature characteristic of the STEM / STREAM approach in teaching and methods
of M. Montessori is the use of toys (from simple to technically and technologically oriented) and game
techniques to acquire new knowledge and skills [11]. They teach to master the laws of nature, the idea
of how our world works and how to explore the surrounding space, first of all, by improvised means.
In general, the gamification of the educational process is one of the driving forces of these learning
technologies [55, 56, 57, 58, 59, 60].

4.2. Analysis of web mapping data about Montessori centers in Ukraine

The compliance of educational service centers was checked by researching the content of the Institutions
site. Based on a detailed analysis of all the results provided by the system for each of the inquiries and
the separation of those that do not use the principles of the pedagogical system of M. Montessori, a
map showing all institutions of formal and non-formal education of public and private property that
fully or partially declare the use of these principles of learning was drawn up (figure 2).

As can be seen in figure 2, the largest number of Montessori centers operating in Ukraine is con-
centrated in the capital and western regions (Lviv and Volyn), the smallest part is determined in the
eastern regions of the country. The study showed that there are 60 centers in the central regions, 24
in the eastern regions, 75 in the western regions, 45 in the northern regions, and 47 in the southern
regions. The significant number of Montessori centers in Kharkiv (14) and Cherkasy (12) regions is
obviously due to the presence of powerful centers in these regions such as pedagogical universities.
This method is the least popular in Luhansk, Zakarpattia and Khmelnytsky regions.

In order to identify the features of modern educational environments of M. Montessori schools, we
analyzed the online content of the proposals of such educational centers, which are highly valued by
network users (one example from the relevant region of Ukraine). Let us briefly consider the educational
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Figure 2: Distribution of Montessori pedagogy centers in Ukraine.

proposals of some of them. Thus, the Center for Child Development mini-kindergarten “Lviv Montessori
School” implements a program for children 6-12 years old and is a full-time educational institution
where, in addition to standard subjects, children study supplementary subjects: physics, chemistry,
worldview, art of photography, painting, choreography, piano, and have thematic excursions [61].
An important feature of the pedagogical methodology of this school, as stated on the website of this
educational institution, is the use of active self-assessment by pupils, cooperation (children of different
ages spend a significant amount of time together, they have to work together to solve different problems).
Based on this, pupils do not get ready for the sake of assessments, but because they are interested in
learning and exploring the world around them.

Another example of effective implementation of Montessori’s ideas in practice is the program of the
Center for Child Development “Anthill” in Ternopil, which combines traditional forms and methods
of working with younger pupils and the so-called “events” in a prepared environment where pupils
can choose activities, interact with children of other ages, independently study the objects of this
environment [62].

Montessori New Age School has a “Montessori class”, which is equipped with a complete set of
Montessori materials for comprehensive and harmonious development of children and is divided, like
the STEM learning space, into several functional areas; some of them are designed to develop a variety
of practical skills, improve motor skills and coordination. Also, there are materials for the development
of sensory sensations, speech, mathematical abilities, as well as acquaintance with the world around
[63]. It is also emphasized the importance of the role of the teacher: “conducts constant observation and
... knows at what stage of development each child is, what occupation should be offered to him for a
further step forward”. Attention is drawn to the significance of the mixed-age groups of Montessori New
Age School, which creates optimal conditions for the social upbringing of children on the principle of a
large family and folk pedagogy. The mission of the New Age School is to create a special educational
environment in which children learn through their own experiences and feelings.

The study showed that the activities of Montessori pedagogy centers in Ukraine are mainly focused
on the education and training of preschool children. Some example is the Montessori World full cycle
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school in Kharkiv [64], which uses an interdisciplinary approach to designing courses and curriculum
subjects with a special emphasis on preparing children through practical activities for real life. Among
the training courses are the following: writing and project activities (for example, spelling is studied on
topics that interest children: human structure, animal habitat, rivers or volcanoes of different continents);
publication of a school newspaper studies to keep the audience’s attention, present the project, ask
questions, gain experience in public speaking. Due to special manuals and didactic materials, children
can divide the whole into parts, solve geometric problems and prove theorems. The course “Physics,
Chemistry, Astronomy” is aimed primarily at experimental activities, creating projects that are the
foundation for in-depth study of these sciences at high school, the course “History and Geography”
uses elements of museum pedagogy. Communicating with teachers of Karazin University in classes on
“Botany and Zoology”, children observe plants and insects, care for animals in their own “living space”
and grow plants. During classes “Financial knowledge and management” pupils learn to put financial
and economic aims, manage finances and plan a budget, in particular, through outings, excursions,
teamwork at fairs, holidays, purchasing products. The course “Art and Painting” includes regular master
classes on felting wool, origami, etc. Besides, it is aimed at developing practical life skills and social
responsibility: children develop menus, prepare dinners, set the table, wash dishes, clean the classrooms,
clean up the forest of rubbish, sort garbage, and hand over waste paper. In this Montessori environment,
pupils participate individually and in groups. Classes are divided into thematic areas: mathematics,
languages, geography, history, biology, space; there is a laboratory. Due to this the learning approach is
realized: teach the child to think, find solutions, make discoveries, search for information and be able to
apply it when needed.

It should be noted that most educational institutions that use Montessori’s ideas are private, such
as the Clever Kids Elementary School in Kyiv. In addition to the annual curriculum in accordance
with the standard, for each child, taking into account the gifts and flaws of the pupil, his abilities,
main interests, age goals, phase of character development, and level of ability to control emotions and
interact with the team is worked out a personalized curriculum [65]. Particular attention is paid to the
formation of project activities skills that promote children’s interest in research, skills of planning and
organizing their working time, critical, analytical and abstract thinking skills, and teamwork. Among the
pedagogical tasks of the Clever Kids are also assistance in the pupil potential development, development
of independence and self-sufficiency of thinking, respect and empathy for others, responsibility and
leadership qualities. There are created conditions for the development of children based on their
individual step and biological rhythm, formation of skills of independent work, promoting the initiative
in the choice of materials, stimulating the development of self-discipline skills, cooperation with parents
and more. Emphasis is placed on the importance of the activities of teachers, whose mission is to find
ways to inspire children to learn. Such support allows children, first of all, to gain confidence and strive
to perform tasks constantly without fear of failure. Emphasis is placed on the gradual complication of
tasks, which creates opportunities to go through the process of aim setting and experience of personal
victory.

Thus, the study of information about Montessori education centers in Ukraine showed that the modern
interpretation of pedagogical postulates for socialization and upbringing of the child is indisputable and
can resolve the contradictions associated with the implementation in practice of the basic requirements
for the modern educational process: individualization, reliance on sensitive periods, the priority of
personal independence, the ability to make choices and respect the choices of others, freedom and
discipline in different age communication, etc.

Our study showed that there are more than 250 educational institutions in Ukraine that use the
methods and principles of teaching Maria Montessori. For comparison, in Germany there are about 1000
preschool institutions and 400 schools operating on the basis of Montessori pedagogy: gymnasiums
are 40 percent, general schools — 25%, primary — 20% and real schools — 15% [66]. Thus, the ideas and
pedagogical system of M. Montessori remain relevant in the education of the 21st century.
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4.3. Analysis of web mapping data about STEM-STEAM-STREAM centers in Ukraine

For comparison, a map of the development of STEM-STEAM-STREAM centers was created in a similar
way (figure 3).

Figure 3: STEM-STEAM-STREAM centers in Ukraine.

Our research showed that there are more than 190 teaching centers in Ukraine that use STEM-STEAM-
STREAM technologies. 45 STEM centers are functioning in the central regions, 9 centers in the east
regions, 62 centers in the western regions, 41 centers in the northern regions, 30 centers in the southern
regions. This is due to the fact that STEM education in Ukraine is only gaining popularity, and their
largest number we have only in large cities (Kiev, Lviv). The smallest number of STEM institutions is
located in the eastern and southwestern regions.

The obtained data on the development of educational centers in Ukraine based on the pedagogy of
M. Montessori and STEM-STEAM-STREAM centers are presented in the form of diagrams (figures 4, 5).

The development of Montessori pedagogy, which is presented on figure 4, shows that the Montessori
concept is widely known in Ukraine. Nonetheless, since this practice is used only by private schools
and kindergartens, it is not available for many children and its percentage is small in some regions. The
largest centers and networks of STEM centers and Montessori schools are located in Kyiv.

5. Conclusions

We have analyzed the similarities and differences between M. Montessori methodology and STEM
approach in education, both based on the constructivist philosophy in education. We have demonstrated
the relevance and complementarity of these ways in formal and non-formal education in Ukraine by
using web mapping service Google Maps to visualize the distribution and growth of Montessori and
STEM educational centers. We have argued that the organizational and pedagogical condition for their
effective integration is the creation of a special learning environment that can adapt to the personal
ideals and cognitive needs of the learners, as well as foster the development of soft skills [67, 68].
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Figure 4: Quantitative distribution of Montessori pedagogy centers in Ukraine.

Figure 5: Quantitative distribution of STEM-STEAM-STREAM centers in Ukraine.

We have also identified some common didactic features of Montessori and STEM technologies, such
as:

« the emphasis on the formation of a lasting interest in the processes and phenomena in the world,
the development of curiosity based on research using the steps of the scientific method and the
engineering design process;

« the transformation of the role of the teacher, from a transmitter of knowledge to a facilitator of
learning, a motivator of productive activities, a stimulator of development, and a creator of a
pedagogical ecosystem that fosters the formation of a scientific worldview and the key skills of
the 21st century in the students.

By comparing the maps created by Google Maps, we have concluded that the Montessori method-
ological system has adapted to the rapid development of technology and machinery in the 21st century;
the popularity of STEM educational centers is increasing rapidly in Ukraine (almost 200 new centers in
10 years). We have used the Gartner Hype Cycle method to describe this process [69] and suggested
that Montessori pedagogy is now on a “plateau of productivity” and that STEM approaches in education
are in a state of active implementation, which corresponds to “innovation trigger” and approaches the
“peak of inflated expectations”.
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We have proposed that STEM technologies of teaching and pedagogical ideas of M. Montessori can
harmoniously complement each other, especially in the context of forming the ability to successful
self-development based on maintaining the relationship between the child and the developmental
subject-spatial environment (M. Montessori), which can be digital (STEM) in the present time.
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