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Abstract

In preschool settings, the environment plays a fundamental role in children’s cognitive, physical and psychological
development. Early childhood is recognized as a critical period for neuroplasticity, when the brain’s ability to adapt
and reorganize in response to environmental stimuli is at its peak. Neuroplasticity forms the foundation for the
development of various sKills, particularly fine motor skills, which involve the coordination of small muscle groups to
perform precise and purposeful movements. This research examines the fundamental principles, methods and tools
for designing and improving the physical environment of preschool institutions. The study aims to develop interior
design modules for preschool settings that can serve as a universal model adaptable to various educational institutions.
As a result of the research, a flexible spatial model is proposed for preschool institutions that adapts to specific layout
conditions through the use of stable and modular systems, thereby creating an equitable educational environment for
children. The implementation of the methodology developed in this study promotes children’s psychological well-being
and supports the development of fine motor skills and neuroplasticity. Furthermore, analytical research on
environmental design provides a foundation for the optimal use of space and the inclusion of appropriate design
elements, which underscores the relevance of this topic.
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Introduction
Preschool education is widely recognized as a educational outcomes and address various
crucial period in human cognitive, emotional and psychological and physical challenges. The

social development, laying the foundation for an
individual’s future well-being and contribution to
society. Early childhood education progresses
through continuous stages of development and
serves as a cornerstone of sustainable, equitable
and inclusive education systems worldwide (1).
Today, the sector remains in a dynamic phase of
development, shaped by global trends and
challenges that require innovative approaches and
accessible policies. An analysis of recent studies
indicates that, alongside state-run kindergartens,
numerous private institutions operate with
varying approaches to spatial design and
educational management programs, resulting in
unequal educational conditions. This study aims to
create a healthy and equitable learning and
developmental environment that promotes fine
motor development and neuroplasticity in
children. An adaptive environment, organized and
designed in accordance with contemporary
requirements, can positively influence the
formation of a child’'s personality, enhance

principles of the proposed conceptual framework,
particularly the application of a modular system,
enable the implementation of improvements
within existing preschool infrastructures, thereby
underscoring the relevance of this research. The
physical environment plays a fundamental role in
early childhood development, particularly during
the period when the brain demonstrates the
greatest capacity for adaptation (2). Well-designed
preschool environments support fine motor
development and neuroplasticity by providing
opportunities for exploration, manipulation and
sensory engagement, thereby strengthening the
cognitive and physical foundations required for
lifelong learning. Modular and adaptable learning
environments offer several educational advan-
tages. They promote hand-eye coordination,
precision, dexterity and neuroplasticity through
flexible play scenarios; encourage creativity by
allowing children to modify and participate in
shaping their surroundings; support emotional
and social development alongside fine motor skills;
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accommodate different age groups through
adaptable spatial configurations; enable cost-

effective  maintenance through replaceable
modules; and facilitate the integration of
innovative educational approaches, including

STEAM (Science, Technology, Engineering, Arts
and Mathematics) and activity-based learning.
Fine motor skills involve the precise control of the
small muscles of the hands and fingers and are
essential for activities such as writing, drawing and
object manipulation. Neuroplasticity, defined as
the brain’s ability to reorganize and establish new
neural connections in response to experience, is
particularly  pronounced from birth to
approximately six years of age (3, 4). Together,
these developmental processes provide the
foundation for children's cognitive, physical and
academic growth. Preschool environments that
incorporate accessible materials, varied textures,
interactive activities and flexible functional zones
encourage independent exploration, strengthen
motor control and stimulate sensory and cognitive
development (5). Studies have shown that children
exposed to environments rich in fine motor
activities demonstrate enhanced development
across physical, cognitive, language and socio-
emotional domains (6). Adaptable furniture, open
layouts and natural elements such as sand, water
and plants further stimulate exploration and
support neuroplasticity by providing diverse
sensory experiences. However, the implemen-
tation of such environments remains challenging
due to spatial and financial limitations and the lack
of professional training for educators in
development-oriented environmental design (7).
Addressing these challenges through innovative
design strategies, appropriate resource allocation
and professional development can improve
children's learning experiences while fostering
creativity, problem-solving, adaptability and
overall well-being (8, 9). To address the identified
research gap, this study is guided by the following
research question: How can an adaptive modular
preschool environment be designed to support
children's fine motor skill development and
neuroplasticity = while  ensuring flexibility,
sustainability and equitable learning conditions
across different preschool settings? Accordingly,
the objectives of this research are to: analyze
and best practices
environmental design,

international literature

concerning preschool
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neuroplasticity and fine motor skill development;
identify the key architectural, ergonomic,
educational and sustainability  principles
applicable to adaptive preschool environments;
and develop a conceptual modular design
framework that can be adapted to different spatial
configurations and educational requirements (10).
Rather than testing a predefined hypothesis, the
study synthesizes multidisciplinary evidence to
establish a design framework that can serve as a
foundation for future empirical validation and
implementation.

Methodology

Research Design

This research is a design-based conceptual study
that combines an integrative literature review with
a comparative analysis of international preschool
educational environments. Rather than collecting
empirical data or conducting experimental testing,
the study synthesizes multidisciplinary evidence
from  architecture, environmental  design,
developmental psychology, neuroscience, ergono-
mics, sustainability and education to develop a
conceptual framework for adaptive preschool
environments. An integrative review was selected
because it enables the synthesis of theoretical,
empirical and design-oriented knowledge across
disciplines and is therefore appropriate for
addressing the complexity of preschool
environmental design.

The literature search included peer-reviewed
publications indexed in internationally recognized
scientific databases, as well as relevant
international standards, educational guidelines
and technical reports. The review focused on
adaptive learning environments, neuroplasticity,
fine motor development, environmental
psychology, preschool architecture, ergonomic
furniture, interactive educational technologies and
sustainable design. Priority was given to recent
peer-reviewed studies and internationally
recognized standards to ensure the relevance and
reliability of the evidence. A comparative analysis
of international preschool environments, including
kindergartens and child development centers, was
conducted to identify common design principles,
methods, technological solutions and educational
strategies. Particular attention was given to
environmental and educational factors that may
support children's fine motor development and
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neuroplasticity. The findings from the literature
review and comparative analysis were synthesized
to inform the proposed adaptive modular
framework. The resulting framework provides a
theoretical basis for future empirical validation
and practical implementation.
Research Procedure
During the execution of the project, the following
tasks were undertaken:
a) Research and analysis of modern international
experience in preschool institutions
Design regulatory requirements for preschool
institutions, mandatory infrastructure study
Study of educational programs in preschool
institutions, analysis of the justification of the
importance of the environment from the
perspective of the peculiarities of the process
Determination of sustainable development
principles in the design of fine motor and
neuroplasticity = development
kindergartens
The psychology of children of a given age group,
identification of their interests and the main
elements of creating an environment that
promotes educational development
Research and analysis of STEAM educational
methodologies appropriate for preschool
children
g) Application of experience gained as a result of
research work in the implementation of a
conceptual project of adaptive environment
design modules in modern preschool
educational institutions
Development of the Adaptive Design
Framework
The proposed adaptive preschool environment
model was developed through a sequential process
based on the synthesis of multidisciplinary
research findings. First, the main factors
influencing children's development in educational
environments were identified, including spatial
organization, sensory stimulation, ergonomic
conditions, educational flexibility
sustainability. Second, existing preschool design
approaches and international educational models
were comparatively analyzed to identify common
environmental requirements and effective design
strategies. Based on these findings, the model was
structured into four interconnected adaptive
layers: spatial adaptation, sensory-environmental
adaptation, multifunctional furniture adaptation

b)

<)

d)

rooms in

and
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and interactive educational modules. Spatial
adaptation addresses flexible room layouts and
modular organization according to different
preschool activities. Sensory-environmental adap-
tation incorporates adjustable lighting,
temperature, color and material characteristics
(11). Furniture adaptation comprises multifunc-
tional modular chair-table systems designed
according to children's ergonomic requirements
(12). Interactive educational modules include
transformable flooring, tactile walls and activity-
based elements that support fine motor
development and cognitive engagement. Together,
these layers form an integrated adaptive
environment in which architectural, educational
and technological elements can be applied
independently or combined according to the
spatial conditions, educational objectives and
available resources of different preschool
institutions.

Environmental adaptation in the proposed design
is based on the room configuration, dimensions
and arrangement of modular elements, children's
activities, sensory conditions such as lighting and
temperature, adaptive furniture and interactive
floor transformation. Spatial adaptation involves
developing alternative layouts that accommodate
different group sizes and activity types while
maintaining appropriate levels of comfort, safety
and usability. The spatial organization of preschool
environments considers children's physical needs,
movement patterns, safety, educational activities,
circulation, accessibility, furniture arrangement
and educator visibility. An allocation of
approximately 3 m? of usable activity space per
child is used as a planning reference, reflecting the
importance of providing sufficient space for
movement, play,
interaction (13). The proposed modular system
therefore follows the principle of adaptable spatial
allocation rather than a fixed layout, allowing the
environment to be reorganized according to group
size, activity type and institutional requirements.
This flexibility enables modular components to be
rearranged  while  maintaining  functional
circulation and appropriate conditions for active,
collaborative and individual activities. Such spatial
adaptability can reduce overcrowding, improve
the functionality and usability of the environment
and support diverse educational scenarios.

individual activities and
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Depending on the regions, the areas allocated to
kindergartens and the buildings, the rooms
provided may have different sizes and shapes of
layouts. In this case, modular system solutions can
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create favorable conditions for the environment to
become comfortable. Options for environmental
adaptation depending on changes in layouts are
presented in Figure 1.

FLOOR PLAN 3

Figure 1: Module Combination Options, Types of Adaptation Depending on the Size and Shape of the
Environment, Three-dimensional Images of Application Options

The lighting is regulated by a special system that
provides the most appropriate level of lighting for
children at a given moment. The lighting is uniform
throughout the room; however, as numerous
scientific studies prove and a person knows from
his own experience, that when performing various
tasks, the type of lighting plays an important role
in a person's rational work. In this case, if children
are actively engaged in the learning process, a
lesson is being conducted, the lighting should be
cold, because it creates alertness in children and
during such lighting, children are more focused
and attentive to the actions to be performed. If
children are in an active play scenario, they need to
be provided with slightly softer lighting in the
room, as it weakens the impression of the lesson
process and creates a more relaxed environment.
The warmest lighting in the environment can and
is encouraged to be used when, at the teacher's
discretion, children have a break time or are
listening to a fairy tale and are more free-form
entertainment. A more intimate and comfortable
environment for children can provide warm and
cozy lighting, which will relieve children's tension
and remove them from active play phases. The

adaptive lighting strategy was developed
considering quantitative lighting parameters
appropriate  for  preschool environments.

[lluminance levels should be adjusted according to
the type of activity performed in the space, with
higher levels recommended for focused
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educational activities and lower levels for
relaxation and rest periods. For example, general
preschool learning environments typically require
approximately 300-500 lux for educational
activities, while softer lighting conditions may be
appropriate for relaxation areas. The proposed
lighting system also considers correlated color
temperature (CCT) as an important factor
influencing children's perception, attention and
comfort. Cooler light conditions (approximately
4000-5000 K) may and
concentration  during  structured
activities, while warmer light

(approximately 2700-3000 K) can contribute to a
atmosphere during rest periods,
storytelling and less intensive activities. In
addition to visual comfort, the adaptive lighting
concept incorporates principles of circadian

lighting, recognizing that exposure to different

support alertness
learning
conditions

calmer

light characteristics throughout the day can
influence human biological rhythms, attention and
well-being (14). Therefore, the proposed system
allows variation in lighting intensity and color
characteristics according to activity type and time
of day. From a sustainability perspective, energy-
efficient LED technologies with adjustable
intensity and color temperature provide
advantages through reduced energy consumption,
longer service life and improved environmental
control. The integration of sensors and automated
regulation systems can further optimize energy



Melikyan et al,

use by adapting lighting conditions according to
occupancy, daylight availability and educational
requirements.

By the same principle, when we consider the
ambient temperature, it is also important, since in
the above options the activity of children was
divided into 3 types: educational, playful and rest.
Naturally, the physical activity of children also
differs sharply during these 3 scenarios; therefore,
the same temperature in the room can be
appropriate for a maximum of two scenarios. If the

LIGHTING
2

-
kS
z
(]
[
<
[}
>
2
w

E =

Vol 7 | Issue 4

temperature is always high, children will have
body temperature fluctuations and sweating,
which can lead to deterioration of their health. If
the temperature is always low, children will freeze
in the rest and educational scenarios, as they will
have a physically passive state, which will cause
discomfort, a feeling of cold and unpleasantness.
Based on these questions, as well as studies of
norms, an appropriate temperature scale was
developed, which was included in Figure 2.

ENVIRONMENTAL COLORS

Figure 2: Types of Adaptation Depending on the Type of Children's Activity, According to Lighting,
Temperature, Color of the Environment, Plans of Module Combination Options and Three-dimensional
Images of Application Options

environment,
color

An adaptive through lighting,
temperature, spatial structure,
encourages active sensory engagement in the
child, which is vital for the development of fine
motor skills and neuroplasticity. When the
environment responds to the child’s changing
activity—for example, the light dims during rest or
brightens during learning—the child’s
neurological system learns to recognize,
differentiate and adapt to external stimuli. These
processes promote the formation of synaptic
connections, brain plasticity and neurological
flexibility. The educational environment of a
kindergarten should be multi-layeredly adaptive
to respond to children’s different activities,
psychosomatic needs and developmental stages.
The interrelated adaptation of light, temperature,
color environment and spatial organization is not
only a means of comfort but also a stimulus for
development, contributing to the formation of
neuroplasticity (15).

The combined adaptation of all these elements
forms the flexible environment necessary to fully
stimulate the cerebral, sensory and motor

and
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development of children aged 2-6, especially in
it necessary
multifunctionality with limited resources.

areas where is to create

Results and Discussion

The use of a modular system in preschool
institutions is not only an innovative solution but
also of vital importance. It provides a flexible, safe
and comfortable environment that is easy to adapt
and improve according to the needs of children and
educators. The use of a modular system in various
industrial that
organization of an adaptable environment is one of
the main ideas of the design proposal. It allows
creating similar and equal conditions in rooms of

elements contribute to the

different sizes and features. Modular flooring is
suitable for spaces that have changing classroom
structures or that regularly reorganize the space.
During the creation of the adaptive environment
flooring module, several planar images were
studied, which, after going through development
stages, formed the final module. It is presented in
Figure 3.
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The module was developed taking into account the
easy attachment of the repeating modular joint and
the option of endless repetition, which allows the
module to be used in everything from the smallest
to the largest rooms. The modules are fastened
together with a magnetic loop, which allows for
very quick and secure fastening. The module has a

Vol 7 | Issue 4

magnetic layer on all sides, which allows the
modules to be connected to each other from all
sides when repeated. The module has a light layer
that turns on when desired, but can only start
working when connected to another part. This
mechanism allows the parts to work in a chain
connection. It is presented in Figure 4.

Figure 4: Views of the Ceiling Module, Light Installation Connection Node, Three-Dimensional Image

The interactive flooring system is designed as a
modular, transformable surface composed of
interconnected units that can be rearranged

according to the spatial requirements and
educational activities of the preschool
environment. Each module functions as an
independent  element  while  maintaining

compatibility with adjacent modules through the
integrated system. This
educators to modify the configuration of the floor
according to different scenarios, including
movement activities, sensory exploration,
collaborative games and quiet learning areas.
From an educational perspective, the interactive
floor supports children's sensory, motor and
cognitive development by creating opportunities
for active exploration. Changes in texture, surface
characteristics, lighting responses and spatial
patterns encourage children to interact physically
with the environment, improving balance,
coordination, spatial awareness and fine motor-
related activities. The modular approach also
allows educators to select specific configurations
according to children's developmental needs and
educational objectives. Safety considerations were
integrated into the design concept through the
selection of child-appropriate materials, stable
modular connections, non-toxic surfaces, rounded
edges and slip-resistant characteristics. The

connection allows
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transformation mechanism is intended to operate
gradually and safely without sudden changes that
could create discomfort or risk during children's
activities. For maintenance and long-term use, the
modular structure provides practical advantages
compared with conventional flooring systems.
Individual damaged elements can be replaced
without removing the entire floor, reducing
maintenance costs and extending the service life of
the system. The use of durable, recyclable and
easily cleanable materials is also essential for
maintaining hygiene requirements in preschool
environments.

The modular floor is made of shape memory
polymer, which is a smart material that is able to
return to its original shape from a deformed state,
which is affected by external factors, such as
temperature changes (16, 17). At a certain
temperature range, the material is strong and hard,
which makes the floor more solid. When the room
temperature changes and warms up, the floor
becomes a little softer, which becomes pleasant for
children's feet. The interaction of the material is
carried out gently and gradually, therefore it does
not allow for abrupt changes in environmental
conditions and abrupt changes in children's
conditions and reactions. If the game scenario
involves passive participation, for example,
reading a fairy tale, a break, or listening to music,
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then the temperature in the room will be higher so
that the children feel more comfortable and warm.
The material already undergoes some change at
given temperature conditions, getting a softer
surface but not so much as to create an unstable
environment (18, 19). The soft surface will allow
children to sit on the ground and feel comfortable.
Shape memory polymers have high resistance to
scratches, impacts and pressure. They are able to
change hardness and softness, adapting to the
user's gait or posture. Polymers with a special
composition can absorb sound and vibrations,
which is especially useful for active zones in
kindergartens. In recent decades, alternative and
renewable sources of energy storage and use have
been proposed. Among such sources of generation,
mechanical movement is one of the most discussed
types. Piezoelectric absorbers provided in the
modular floor are located in each module, allowing
the adaptive environment to obtain internal
energy, which can be used for lighting located in
the module itself. Energy generation through
impacts is beneficial in children's environments,
since they are very active during the day and can
run and jump nonstop (20). Physical exercises,
which are also carried out through training, will
also allow you to accumulate energy. Lighting can
make the environment more interactive and adapt
to the program for a given age group. Similar to the
flooring module, relief modules can be produced
with different shapes and surfaces. Their types can
be diverse, but five options are presented in the
design project.

The presented relief floors are designed for the
sensory, motor and cognitive development of
children. They create a variety of physical, sensory
and educational experiences. When a child walks,
the muscles of the feet work while moving on
different surfaces. This is important for balance
and the correct formation of the feet. Children
learn to walk, run, jump and balance on different

143

Vol 7 | Issue 4

types of floors, which strengthens the muscles.
Relief floors create new sensory impulses that the
brain helping to form neural
connections. Different tactile surfaces stimulate
the nervous system, increasing sensitivity. Uneven
surfaces force the child to maintain balance. This
helps the child walk more steadily, adapt to moving
in different areas and avoid falling. Tactile
stimulation of the feet helps with blood circulation,
the formation of correct gait and even the
prevention of foot problems. This is similar to
reflexology, which is used in children's physical
therapy. They activate the muscular system,
especially the muscles of the feet, calves and core
of the body, help prevent foot deformities such as
flat feet and strengthen the stability of the body by
affecting posture. This is especially important for
children aged 2-6, when neuroplasticity is most
active. The design proposal is based on the idea
that it should have a sectional application in the
room so as not to cause an obstacle during normal
walking, but if desired and necessary, it is possible
to turn it into a main module and cover the entire

processes,

room with similar reliefs. The relief floor modules
presented in the design proposal are made of a bio-
based flexible material (Bio-based flexible
material) derived from natural sources (plants,
bioplastics, waste materials) and have high
flexibility, elasticity and comfort for various
applications. The material is mainly obtained from
plants (cellulose, agar, alginate), fungi, or
biodegradable polymers. They can be soft, elastic,
or deformable without rigidity. They are mainly
biodegradable or recyclable. Despite their
softness, many have high mechanical strength (21,
22). The use of the material in kindergartens is
important because it is safe, does not produce toxic
substances, is soft and contributes to the creation
of an ecologically clean and interactive
environment. The flooring modules are illustrated
in Figure 5.
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Figure 5: Views of the Flooring Modules, Constructive Connection Nodes, Three-dimensional
Image of the Application Option

The application of the selected material for
flooring can be carried out through 3D printing,
which will further accelerate production and will
be an innovation for this sector. The node is based
on the principle of a basic modular system, which
simplifies the assembly process and provides the
opportunity for standardization. The latter allows
for more affordable and efficient production. Color
options are offered for the respective preschool
institution, but the choice of colors provides a wide
range of possibilities in the case of such a material.
Certain types of textures and soft rubber surfaces
can have a calming effect on children with low
sensory input needs. They can also help develop
attention, concentration and self-control. The
activation of certain pressure points on the hands
and soles of the feet, according to ‘Foot and hand
reflexology’ approaches, is associated with various
organs and the nervous system of the body.
Although pediatric reflexology is not primarily
used for classical therapeutic purposes, such
stimulation can theoretically promote the
functioning of internal systems,
especially the digestive, respiratory and nervous
systems. The chair's design is uniquely
multifunctional, which made it possible to have
several entertainment games, each of which is
located on each seat of the chair and has its own
rules and principles of the game. The design of the
modular chair-table system was developed
according to internationally recognized ergonomic
principles for preschool furniture. The dimensions
and configuration of the chair-table system were
developed according to age-specific anthropo-
metric characteristics of preschool children and
internationally recognized ergonomic principles
for educational furniture. The main ergonomic
parameters considered include seat height, seat

balanced
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depth, backrest support, tabletop height, leg
clearance and comfortable reach distance to
learning materials. These factors are essential for
maintaining  appropriate  sitting  posture,
supporting physical comfort and reducing
unnecessary muscular strain during educational
and play activities. In addition to ergonomic
considerations, the proposed furniture system
incorporates safety requirements appropriate for
preschool environments. The design principles
include rounded edges and corners, structural
stability, durable connections, non-toxic and child-
safe materials and surfaces resistant to intensive
daily use. The modular configuration also allows
adaptation to different activities and age groups,
supporting independent interaction, creativity and
fine motor skill development. The design approach
follows  established recommendations for
preschool furniture, including the relationship
between children's anthropometric measure-
ments and furniture dimensions described in
educational furniture standards such as EN 1729
and ISO 5970. The application is also calculated in
the case of joint use of both. The chair-table is
intended for children attending preschool
Taking account the age
characteristics, the games were also selected in
accordance with the interests and characteristics
of children of that age (23). The selected games
contribute to the development of fine motor skills
and thinking in children.

The choice of material was made based on very
detailed studies; the final choice was made on
nylon thermoplastic, which is one of the most
common types, strong, flexible, comfortable,
durable, lightweight, multi-colored, environment-
ally friendly and recyclable. Nylon is a leading
synthetic fiber in terms of safety, despite the

institutions. into
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chemical composition of the material - it has no
odor, does not emit toxic substances, therefore it is
absolutely safe for children. The molding of the
product involves injection molding; production by
molding actually involves high costs, since the
mold must be made of steel or aluminum, but in the
case of mass production, it is possible to return the
invested money in a very short period of time. The
color selection was made taking into account the
fact that the users are children and it should be
attractive and cheerful colors. The adopted
technology is the most effective and the molding
can be carried out as close to the imagination as
possible. There are 4 game options on the chair: a
puzzle with geometric figures, a blackboard-shelf

MULTIFUNCTIONAL

CHAIR VIEWS SCALE 1:10

Y
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CHAIR LAYOUT
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with Kkinetic sand, an abacus calculator with its
cards and a digital puzzle. The chairs are also
modular, which can be connected to each other in
different quantities. The chair-tables can also
become another game option - a labyrinth, which
is an active game option. If you remove the seat of
the chair, only the base remains, which becomes a
small tunnel when placed on a table position. If you
glue several of them together and line them up one
after the other, you can get tunnels of different
lengths and directions, which create game
variations for children. Chair-table modules,
constructive connection nodes, three-dimensional
images of application options are presented in
Figure 6.

CHAIR-TABLE

CAME-LABYRINTH

Figure 6: Views of Chair-Table Modules, Constructive Connection Nodes, Three-Dimensional
Images of Application Options

Offering a similar chair model simplifies the
process of organizing adaptive rooms and
environments and allows children to be offered
individual games in a standardized way and
everyone can use any of their games at the same
time, since each chair has a chair for each game.
During classes, especially in preparatory and
senior groups, discipline is very important. A chair-
table combination can be an excellent option to
create classroom conditions for them. During
group classes or fairy tale readings, you can
connect the chairs and get a warmer environment
for children, which will contribute to ensuring a
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successful model of an adaptive environment. The
next game module is also similar in style to the
others, as it again has a hexagonal shape at its base.
The module is one, but the paths continue and
connect in different positions of the hexagon. The
path of the modular system is designed in such a
way that it is possible to change the course of the
game. The game provides different game scenarios
so that children can create a path along which the
stones will pass and reach the final result. Built-in
wall modules, constructive connection nodes,
three-dimensional image of the application are
presented in Figure 7.
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Figure 7: Views of Built-in wall Modules, Constructive Connection Nodes, Three-Dimensional
Image of the Application

The module assembly is very simple, since the
roads will be created by children, so the assembly
should be appropriate for their age. The module
has a protrusion inside, which is also hexagonal
and there is a hexagonal hole on the wall. This
simple assembly will help children always place
the part so that the hexagon vertices are in a
horizontal direction. The module is very light,
made of a flexible polymer based on biomaterials
and thanks to 3D printing it can also be hollow,
which will give additional lightness. A wall made of
different materials is one of the best options for
developing fine motor skills. It allows children to
touch different materials, cause
different sensations, which in turn will affect the
nervous system. There are both different materials
and different games on the wall, which make the
entire game process more interactive. The game
module installed on the wall consists of sections
made of different materials, which have various
reliefs. Its surface is covered with soft areas like
grass, smooth and shiny tiles, wooden sections of

which will

different textures, as well as small mosaics or
details embedded with tactile graphics. Each
section offers a unique sensory experience,
activating children's tactile perception. This play
module stimulates children's fine motor skills by
stimulating finger and hand movements. Touching
different materials develops the sensitivity of the
nerve endings and exploring uneven surfaces
encourages finger flexibility and strength. The
reliefs on the module promote tactile exploration
and cognitive development, which is especially
useful for preschool children. This play wall can be
used in many different play scenarios, for example,
exploration can be followed by a memory game,
when the child, with his eyes closed, has to guess
what surface he touched or can describe the
physical properties of the material (at an older
age) (24, 25). Adaptive, interactive and resource-
rich spaces promote both motor accuracy and
cognitive growth, laying a solid foundation for a
child's overall development. Preschool educational
environments are demonstrated in the Figure 8.

Figure 8: Three-dimensional Images of Preschool Educational Environments
Using the Proposed Modules
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The proposed adaptive modular framework shares
several characteristics with internationally
recognized approaches to early childhood educa-
tion while introducing additional architectural
flexibility. The Montessori approach emphasizes
child independence, freedom of movement and
carefully prepared environments that encourage
self-directed learning (26). Similarly, the proposed
modular system enables children to interact
independently with adaptable furniture, tactile
surfaces and multifunctional learning modules
that support exploration and the development of
fine motor skills. The framework also reflects
principles of the Reggio Emilia philosophy, in
which the physical environment is considered the
"third teacher." Flexible spatial organization,
natural materials, sensory experiences and
opportunities for collaborative learning are central
to both approaches (27). However, the proposed
model extends these principles by incorporating
adaptive modular components that allow rapid
reconfiguration of the learning environment
according to educational activities and spatial
constraints. The proposed design further aligns
with Scandinavian preschool design, which
prioritizes child well-being, inclusive learning
environments, lighting,
materials and strong connections with nature. The
use of environmentally friendly materials, modular
construction and flexible layouts in this study
supports these principles while emphasizing
sustainability and efficient use of available
resources. Finally, the proposed framework is
consistent with evidence-based classroom design
literature, which demonstrates that spatial
flexibility, ergonomic furniture, adequate personal
space, appropriate lighting conditions and
multisensory learning environments positively
influence children's cognitive development,
engagement and psychological well-being. By
integrating these established principles with
adaptive modular technologies, interactive
flooring and multifunctional furniture, the
proposed framework contributes a comprehensive
design strategy for contemporary preschool
environments. Although the proposed framework
is conceptual, it establishes a scientifically
informed foundation for future implementation
and empirical evaluation. Subsequent research
should assess the effectiveness of the proposed
modules through user-centered studies involving
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educators, children and preschool administrators,
together with post-occupancy evaluations of
educational outcomes, usability and environ-
mental performance.

Conclusion

The development of preschool education reflects
the ongoing evolution of approaches aimed at
supporting children’s growth and development
during their formative years. Modern educational
methods emphasize the importance of a child-
centered approach, integrating techniques that
support both cognitive and motor development.
International practice research demonstrates the
value of using a variety of strategies tailored to the
unique developmental needs of children, while
maintaining a common commitment to fostering
creativity, adaptability and fundamental skills. The
use of targeted methods for the development of
fine motor skills and neuroplasticity in preschool
education emphasizes the connection between
physical activity and brain development. By
combining traditional pedagogy with innovative
techniques, educators can maximize the benefits of
early development.

The design part presents a complex concept of
innovative solutions aimed at adapting the
environment of preschool institutions using
modern materials and technologies that stimulate
the development of neuroplasticity and fine motor
skills. One of the components is a modular floor
made of memory polymer; the material is able to
maintain its shape and respond to children's
movements, which contributes to the development
of balance and sensory perception. Solutions with
light and piezoelectric absorbers allow children to
explore the principles of energy conversion
through physical interaction, while providing a
safe and interactive environment. The relief floor,
based on flexible materials with a biological
composition, stimulates tactile perception and
sensory integration, which important for
neurological development. This solution allows
children to playfully explore the properties of
different materials and develop
coordination.  The furniture includes a
multifunctional chair-table system that can be
used in different ways, adapting to different
scenarios, developing children's independence and
creative skills. This solution allows preschool
institutions to save space while offering
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multifunctional use options. The modular maze
and walls made of different materials are designed
as interactive play systems that promote the
development of fine skills and
neuroplasticity. These elements allow children to
practically explore spatial orientation, the sense of
touch on different surfaces and problem-solving
skills.

From an architectural perspective, the proposed
modular system was evaluated using qualitative
design criteria, including spatial flexibility,
functional adaptability, ergonomic suitability, user
safety, accessibility and efficient utilization of
available floor area. These criteria guided the
development of the conceptual framework and
provide a basis for future quantitative assessment
through user testing and post-occupancy evalua-
tion in preschool settings. The presented project
offers a comprehensive approach that combines
the latest materials, technologies and game
methodology to create an adaptive, functional and
developmental environment for preschool
institutions. It ensures the all-round development
of children by combining interactive, safe and
dynamic elements, contributing to the
improvement of both physical and mental abilities.
The environment plays an important role in
achieving these results. A well-organized
preschool environment, designed to stimulate
exploration and engagement, significantly
increases the ability of children to develop fine
motor and neuroplastic skills.

The integration of modern educational methods
and strategic environmental organization creates a
comprehensive framework for preschool educa-
tion. This approach not only supports children's
cognitive and physical growth but also prepares
them to cope with the complexities of future
learning and life experiences.

The results of the study of design methods,
principles and tools can be used to solve the
problems discussed in the work, as well as serve as
a basis for implementing design reforms in
preschool institutions in the future.

motor

Abbreviations
AB: Activity Based, STEAM: Science, Technology,
Engineering, Arts, Mathematics.

Acknowledgment
No external support was received for this research.

Vol 7 | Issue 4

Author Contributions

Artashes Melikyan: Data Curation, Supervision,
Anahit Petrosyan: Project Administration, Formal
Analysis, Patrisia Karsyan: Conceptualization,
Visualization, Software, Karen Melikyan:
Literature Review, Validation, Tamara Sargsyan:
Writing - Original Draft, Ani Atsharyan:
Methodology, Tatevik Paytyan: Resources, Writing
- Review and Editing.

Conflict of Interest
The authors declare no conflict of interest.

Data Availability

The data supporting the findings of this study are
available from the corresponding author upon
reasonable request.

Declaration of Artificial Intelligence

(AI) Assistance

During the preparation of this work, the authors
used ChatGPT in order to correct grammatical
errors and improve writing style. After using this
tool, the authors reviewed and edited the content
as needed and take full responsibility for the
content of the publication.

Ethics Approval

This article is based on theoretical analysis and
publicly available sources; therefore, ethical
approval was not required.

Funding

There is no funding for this research.

References

1. Syafrida R, Maryati M, Permana H. Early Childhood
Education: In the Past, Present and Future. Journal of
Early Childhood Care and Education. 2020;2(2):79-
86.
doi:10.26555/jecce.v2i2.1016

2. Strooband KFB, Howard S], Okely AD, Neilsen-
Hewett C, de Rosnay M. Validity and Reliability of a
Fine Motor Assessment for Preschool Children. Early
Childhood Education Journal. 2023;51(5):801-10.
doi:10.1007/s10643-022-01336-z

3. Dehghan L, Mirzakhani N, Rezaee M, Tabatabaee M.
The relationship between fine motor skills and social
development and maturation. Iran Rehabil ]J.
2017;15(4):407-14.
doi:10.29252 /nrip.irj.15.4.407

4. Grissmer D, Grimm K], Aiyer SM, Murrah WM, Steele
JS. Fine motor skills and early comprehension of the
world: two new school readiness indicators. Dev
Psychol. 2010;46(5):1008-17.
doi:10.1037/20020104



Melikyan et al,

10.

11.

12.

13.

14.

15

Stevenson A, Wainwright N, Williams A.
Interventions targeting motor skills in pre-school-
aged children with direct or indirect parent
engagement: a systematic review and narrative
synthesis. Educ 3-13.2023;51(6):1003-16.
doi:10.1080/03004279.2022.2034174

Humble A, Yu ML, Brown T. Association between
parent-proxy-reported and child-self-reported
perceptions of children’s motor competence and
children’s  performance-based  motor  skill
abilities. Scand ] Occup Ther. 2024;31:2274883 .
doi:10.1080/11038128.2023.2274883

Sack L, Dollaghan C, Goffman L. Contributions of
early motor deficits in predicting language outcomes
among preschoolers with developmental language
disorder. Int ] Speech Lang Pathol. 2022;24(4):362-
74.

doi:10.1080/17549507.2021.1998629

Lane SJ, Schaaf RC. Examining the neuroscience
evidence for sensory-driven neuroplasticity:
implications for sensory-based occupational therapy
for children and adolescents. Am ] Occup Ther.
2010;64(3):375-90.

doi:10.5014/ajot.2010.09069

Weyandt LL, Clarkin CM, Holding EZ, May SE,
Marraccini ME, Gudmundsdottir BG, Shepard E,
Thompson L. Neuroplasticity in children and
adolescents in response to treatment intervention: a
systematic review of the literature. Clin Transl
Neurosci. 2020;4(2):2514183X20974231.
doi:10.1177/2514183X20974231

Fornons-Casol L, del Arco I, Ramos-Pla A. Physical
environments and child well-being in early
childhood education: current evidence and research
gaps. Educ Sci. 2026;16(5):810.
doi:10.3390/educsci16050810

Tamblyn A, Skouteris H, North A, et al. Physical and
sensory environment interventions to support
children's social and emotional development in early
childhood education and care settings: a systematic
review. Early Child Dev Care. 2023;193(5):708-24.
doi:10.1080/03004430.2022.2152017

lliev B, Domljan D, Vlaovi¢ Z. Comparison of
anthropometric dimensions of preschool children
and chairs in kindergartens in North Macedonia,
Bulgaria and Croatia. Heliyon. 2023;9(3):e14483.
doi: 10.1016/j.heliyon. 2023.e14483

Park JA, Choi M, Kim Y. A study on the characteristics
of area and spatial elements based on the building
size of childcare center. Journal of the Korean
Housing Association. 2011;22(1):65-73.
doi:10.6107/JKHA.2011.22.1.065

Yan Z, Wu P, Yao Q, Chen S, Feng J. Enhancing visual
comfort and cognitive performance in VDT
workspaces through task-adaptive screen-desktop
luminance contrast optimization. Build Environ.
2025;286:113688.
doi.org/10.1016/j.buildenv.2025.113688

.Kenkmann A. Adapting and designing spaces:

Children and their schools. Center for Educational
Policy Studies Journal. 2011;1(2):11-24.

149

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Vol 7 | Issue 4

doi:10.26529/cepsj.425

Duan H, Gu ], Zeng H, Khatibi AA, Sun H. A
thermoviscoelastic finite deformation constitutive
model based on dual relaxation mechanisms for
amorphous shape memory polymers. Int | Smart
Nano Mater. 2023;14(2):243-64.
doi:10.1080/19475411.2023.2206675

Akman R, Ramaraju H, Moore S, Verga A, Hollister SJ.
Manufacture dependent differential biodegradation
of 3D printed shape memory polymers. Virtual Phys
Prototyp. 2024;19(1):e2371504.
doi:10.1080/17452759.2024.2371504

Linghu C, Mu T, Zhao W, Liu Y, Hsia K], Leng ], Gao H.
Advancing smart dry adhesives with shape memory
polymers. Int ] Smart Nano Mater. 2025;16(1):103-
43.

doi:10.1080/19475411.2024.2439954

Li J, Liang Z, Li T, Wan Q, Huang X, Kan Q. A
comprehensive review on 4D printing and
applications of thermo induced shape memory
polymers. Int ] Smart Nano Mater. 2025;16(1):24-
83.

doi:10.1080/19475411.2025.2458833

Zhao X, Kong K, Wang R, Liu ], Deng Y, Yin L, Zhang B.
Assessing the cooling effects of urban parks and their
potential influencing factors: perspectives on
maximum impact and accumulation effects.
Sustainability. 2025;17(15):7015.
doi.org/10.3390/su17157015

Fandakova Y, Hartley CA. Mechanisms of learning
and plasticity in childhood and adolescence. Dev
Cogn Neurosci. 2020;42:100764.
doi:10.1016/j.dcn.2020.100764

Nduka E, Jimoh M. Air pollution, child health and
cognitive development. ] Dev Stud. 2025;61(5):727-
47.

doi:10.1080/00220388.2024.2420024

Jafari S, Sabaghi A, Ebrahimi B. The impact of 8 weeks
of Heidelberg Ballschule games on the motor
proficiency and visual-motor skills of 7-9-year-old
female students. Int ] Adolesc  Youth.
2024;29:2435274.
doi:10.1080/02673843.2024.2435274

Rao N, Chan SWY, Su Y, et al. Early motor
development in China: secular trends among 4-year-
olds. Early Child Dev Care. 2023;193(1):95-108.
doi:10.1080/03004430.2022.2064460

Bi C, Zhang F, Gu Y, Song Y, Cai X. Secular trend in the
physical fitness of Xinjiang children and adolescents
between 1985 and 2014. Int ] Environ Res Public
Health. 2020;17(7):2195.
doi:10.3390/ijerph17072195

Marshall C. Montessori education: a review of the
evidence base. NPJ Sci Learn. 2017;2:11.
doi:10.1038/s41539-017-0012-7

Strong-Wilson T, Ellis J. Children and place: Reggio
Emilia's environment as third teacher. Theory Pract.
2007;46:40-7.

doi:10.1080/00405840709336547



Melikyan et al, Vol 7 | Issue 4

How to Cite: Melikyan A, Petrosyan A, Karsyan P, Melikyan K, Sargsyan T, Atsharyan A, Paytyan T.
Preschool Environment Design Enhancing Neuroplasticity. Int Res ] Multidiscip Scope. 2026;7(4):137-150.
DOI: 10.47857 /irjms.2026.v07i04.011005

150



