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Abstract. Ergonomics is an interdisciplinary science that applies to various aspects of our lives,
extending beyond the workplace. Ergonomics enhances work, education, and leisure activities for
lifelong well-being. This article presents the ergonomic principles of the preschool child's world
that influence the correct psychophysical development of the child. A quantitative study was
conducted in seven non-public kindergartens in the Silesian voivodeship, using direct interviews
and elements of overt observation. The study aimed to identify strengths and weaknesses in the
ergonomics of kindergartens' organizational and technical spaces, specifically focusing on legal
requirements for safe and ergonomic working conditions for children up to the age of 6. The results
highlight the challenges faced by designers and kindergarten directors in creating an ergonomic
environment for children, revealing numerous difficulties in this area. There is increasing
recognition of the importance of ergonomic and safe organizational and technical conditions in
early childhood education. The obtained research results are a valuable contribution to a larger
study on ergonomics and safety in Polish pre-schools, scheduled for the coming years.

Introduction

Ergonomics is an applied science that is present throughout our lives. Of course, its beginnings,
which date back to 1857, concerned primarily work. The name is taken from the Greek: ergon -
work, nomos - natural laws. According to the then view, ergonomics as an applied science should
define the interdependence between the operation of tools, devices and machines and the
protection of the environment in the optimal scope to the possibilities and psychophysical needs
of a human being. The goal formulated in this way and the possibilities in relation to humans
should be based primarily on the latest achievements in science and technology. Today, after more
than 160 years, ergonomics applies to every human activity. We distinguish the ergonomics of
work, product and production, but also the ergonomics of living, leisure, the ergonomics of the
elderly and the disabled. One of the youngest ergonomics, both at the level of concept and
correction, is the ergonomics of the children's world [1-3].

The first stage of a child's education is usually the pre-school period. The architecture and space
of the kindergarten building affect the organization of work, as well as aspects related to behavioral
needs, including the child's sense of security. Therefore, a well-designed building should also
contribute to reducing the sense of stress in children. Equally important is the architecture of the
kindergarten building itself - the body, facade solutions, entrance area, development of the
facility's surroundings. Particularly important design criteria are the shape of the building and the
facade solution, including facade divisions, colors, materials used, and possible graphics
emphasizing the character of the building's function. By using appropriate denotative elements,
the function of the kindergarten facility is properly recognized and associated in the urban space.
The architecture of the building should take into account the aesthetic needs of the main users, i.e.
children, i.e. evoke good associations, reactions, evoke positive feelings, and thus encourage
attending kindergarten and contacts with peers. Moderation and restraint in the use of colors,

Content from this work may be used under the terms of the Creative Commons Attribution 3.0 license. Any further distribution of
this work must maintain attribution to the author(s) and the title of the work, journal citation and DOI. Published under license by Materials
Research Forum LLC.

407



Quality Production Improvement and System Safety: QPI 16 - CZOTO 10 Materials Research Forum LLC

Materials Research Proceedings 34 (2023) 407-413 https://doi.org/10.21741/9781644902691-47

graphic forms or details are important in designing the "enclosure" of the kindergarten building,
because it is important that the architecture is not infantile, too literally imitating phenomena from
the world of nature or fairy tales. The context of the place, the character of the street, housing
estate or district in which the kindergarten is located are also important. In any case, however, the
function of the kindergarten facility will be characterized by: form, formal and aesthetic features -
colors, details, possible graphic elements of the facade, as well as the development of the
surroundings, in which the playground and greenery play the dominant role. However, taking into
account the needs, possibilities and psychophysical limitations of a preschool child, attention
should be paid primarily to the equipment of the kindergarten and the organization of activities.
They create an organizational and technical space that is very important in the educational and
upbringing process of children in kindergarten. Ergonomics is a very important reference to the
entire environment, which consists of e.g. volume of rooms, access to natural lighting, materials
that make up floors, walls, equipment, tables, chairs, as well as their adaptation to the
anthropometric dimensions of a preschool child [3-12].

Methods

Ergonomics of the child's world is based on general principles of organizational and technical
space design based on the selection of appropriate technical equipment and the adjustment of
material parameters to the needs of ensuring full safety of use [4-7]. This paper analyzes the
organizational and technical space in a kindergarten dedicated to children aged up to 6 years.
Children at this age have special needs, because between 3 and 6 years of age is the first critical
period of the child's development, in which, in the event of an oversight in the technical design of
space, disturbances may occur. Poorly designed space and technical equipment may contribute to
an anterior tilt of the pelvis, which results in an enlargement of the lumbar lordosis with
simultaneous flattening of the abdomen. Therefore, this is a period in a child's life when the first
symptoms of body posture and habits are formed, which very often mark the child's further activity
and body positions in relation to sitting on a chair, sitting at a table or on other flat surfaces, e.g.
on the floor, carpet, etc. In most European countries, there is a statutory obligation to equip
educational institutions, including kindergartens, with ergonomic furniture.

About 20 kindergartens were subject to observation in terms of technical equipment and space
as well as the selection of equipment. All kindergartens were located in Poland - 6 of them are
private kindergartens, the rest are financed from the state budget (public funding). The qualitative
study — a face-to-face interview with elements of open observation — were very similar in terms of
the size of the building, the arrangement of individual rooms, the number of children, teachers and
equipment.

The face-to-face interview was conducted using a checklist whose questions were based on
checklists prepared by the Central Institute for Labor Protection - PIB and the California Childcare
Health Program of the University of California San Francisco. The TOL classification was used to
develop the checklist. This method assumes that an accident occurs as a result of a component of
three types of indirect causes: technical, organizational and human. Consequently, in order to
achieve the best results in building a safe and ergonomic environment for people, one should strive
to maintain a balance between technical, organizational and human activities. The questions, in
accordance with the assumptions of the method, were grouped into technical, organizational and
human factors. The technical factors were divided into three areas that were subjected to the study:
an educational and leisure room, communication routes and hygienic and sanitary rooms. Each
question could be answered with a "yes" or "no" answer. Negative answers ("'no") were aimed at
identifying weak points that may contribute to the occurrence of accidents in the kindergarten. On
the other hand, the answers to "yes" were to indicate the strengths of the surveyed kindergartens
in relation to the level of ergonomics of the kindergarten and the safety of children.

408



Quality Production Improvement and System Safety: QPI 16 - CZOTO 10 Materials Research Forum LLC

Materials Research Proceedings 34 (2023) 407-413 https://doi.org/10.21741/9781644902691-47

Results and Discussion

It is very important to indicate the key aspects that have been observed, these include: selection of
construction, selection of materials, lighting, ensuring the proper climate (temperature and
ventilation in rooms), ergonomics of movement in space, technical protection (balustrades, covers,
etc.), and many others.

All remarks and conclusions were formulated in relation to legal provisions and documents (or
standards) which regulate the requirements for technical equipment in kindergartens.

One of the most important issues that should be taken into account when choosing school and
kindergarten equipment are legal requirements (on the example of Poland). The main document
regulating the selection conditions is § 9 sec. 3 of the Regulation of the Minister of National
Education and Sport of December 31, 2002, which reads as follows: "Schools and institutions
purchase equipment with appropriate attestations and certificates." The certification obligation
covers skeletal products, such as benches, tables and chairs, and box items, i.e. wardrobes. In
addition, the obligation also applies to display cases and hangers. Obtaining the certificate is aimed
at ensuring the safety of children in kindergartens. In order to obtain the certificate, it is necessary
to submit an application by the manufacturer who plans to introduce products to kindergartens.
The certification is based on the PN-F-06010-01:1990, PN-EN 1729-1:2016 and PN-EN 1729-
2+A1:2016 standards, which are assigned on the basis of the technical documentation of the
furniture. Before issuing the certificate, it is also necessary to test all the previously mentioned
items of equipment.

Due to the fact that kindergarten furniture is subjected to everyday use, it should be made of
high-strength materials that will ensure full safety for users. Particular attention is also paid to the
selection (if possible) of natural materials - eg wood, wooden veneers. . However, if there are
plastics or materials of chemical origin, they must have an appropriate certificate. An important
issue is also the selection of furniture that will be appropriate for the height of students. This has
been described in the PN-EN 1729-1:2016-2 standard. It specifies the heights of seats and tables
as well as color codes that should be used for individual groups of furniture. Another issue is the
color of school furniture. Taking into account the hygiene of children's eyesight, countertops with
a matte and smooth surface will work best in a kindergarten. It is also worth choosing products
that will be resistant to abrasion, water, grease or impact.

In Polish preschool institutions, more and more attention is paid to safe and ergonomic
equipment. All tables and chairs must be conducive to children's development. Ergonomic
furniture has all the approvals that confirm that the product will be perfect for schools and
kindergartens. It is worth noting that poorly selected equipment of rooms in a kindergarten can
significantly reduce the efficiency and cognitive functions of children. Uncomfortable and badly
shaped chairs and tables contribute to the development of spinal degeneration, which is difficult
to cure. In the case of a young organism, susceptibility to diseases may be even greater. Certificates
confirm compliance with all ergonomic principles. A very important role is played by the proper
adjustment of the seat and backrest. First of all, in modern preschool institutions, hard wooden
chairs are being replaced by soft seats. The aforementioned European Union standard EN 1729
precisely defines how to adjust furniture to the needs of preschool children. Chairs and armchairs
must be adapted to the natural curvature of the human spine.

Ergonomics is not only about school furniture. It is equally important to ensure the safety of the
youngest, i.e. children in kindergartens. During crazy games, various unforeseen accidents can
happen. Frames, doors, free-standing shelves and all furniture with sharp corners are a great
danger. Therefore, it is worth planning the entire space in the kindergarten correctly so that
children do not hurt themselves. It is a good idea to use special covers, e.g. for door frames. One
could be tempted to assess the "occupational" risk for children in the space of such a room. In
spaces for children, it is better to limit the amount of glass or mirrors. On the floor there should be
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a good quality soft carpet that prevents the wards from getting cold. All these elements will create
a space ideal for the development of the youngest. There are several more factors influencing good
conditions for development.

Good lighting must be installed in kindergartens. In each classroom there should be several
lamps with a neutral color of light - 3000 Kelvin. Of course, no lamp must blink as this can be
distracting and even cause vision problems. In addition, in rooms intended for small children, it is
not recommended to use open luminaires with easy access to bulbs that can break while playing,
and instead of popular discharge fluorescent lamps full of heavy metals, it is recommended to
choose much safer LED bulbs, which, if broken, do not will emit harmful substances into the
environment.

Teachers and babysitters in kindergartens must remember to regularly ventilate the rooms.
Crowded kindergartens or classrooms do not give freedom of movement and can lead to numerous
stressful situations. Therefore, each student must have their own personal space.

A big problem both in homes and institutions is the failure to adjust the dimensions of furniture
to its users. This is due to the financial situation and the lack of awareness of both parents and
institutions. In Polish homes, children's furniture is often bought "over the top" and the choice of
equipment is determined by the price, not ergonomics. Assigning furniture - tables and chairs to a
specific child may be the cheapest and easiest solution, although it is still not a routine activity in
many institutions. Ill-fitting furniture worsens the working conditions of internal organs, may
result in the emergence or development of posture defects and vision defects.

According to the regulation on technical conditions, if children are expected to stay in buildings
without constant supervision, railings should be secured against climbing up and sliding down the
railing. In rooms where children may be present, all sources of heat emitting should be shielded -
e.g. radiators to prevent them from having direct contact with the hot surface and to prevent burns.
According to statistical data, more than 1% of children under the care of educational institutions
(hereinafter: "facilities") are involved in accidents in Poland. In 2020/2021, 139 accidents of
children in kindergartens were recorded in the Slaskie Voivodeship, including one serious
accident. The most common causes of injuries were the child's inattention, other causes,
unintentional actions of the child and other people. There have also been intentional actions by
others and unintentional strikes. Only 1% of the causes of injuries were deliberate actions of
children and poor technical condition of the equipment.

Pursuant to the Education Law, the kindergarten implements the core curriculum for pre-school
education. Not all children develop in the same way, therefore the kindergarten should take into
account and respect the individual needs of each pupil. The content of education should be selected
adequately to the child's level of development, taking into account their interests and way of
reasoning. The kindergartens that voluntarily took part in the qualitative study — a face-to-face
interview with elements of open observation — were very similar in terms of the size of the building,
the arrangement of individual rooms, the number of children, teachers and equipment. Starting the
study, the author of this article assumed the fact that no kindergarten is able to guarantee a
completely risk-free environment. However, it should strive to minimize the risk by removing
causes that may threaten the life or health of children and appropriate planning in order to
effectively respond to these threats. By analyzing the entire research process, the weaknesses most
frequently indicated by the surveyed teachers were grouped, consisting of various elements of the
organizational and technical area. These are primarily:

e tables and chairs of the same size for all children, regardless of their height, without the
possibility of adjustment,

¢ hard tables and chairs, made of wood, not very comfortable to sit for a long time,

¢ no rounded edges of chests of drawers, tables and window sills,
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e no carpet/carpet attached to the floor over the entire surface,

e lack of radiator covers protecting against direct contact with the heating surface and the
possibility of moving the knob regulating the radiator heat,

e too poorly lit corridor leading to the toilets for children,

e lack of appropriate, average height of washbasins for children - too low for older children,

¢ inadequate organization of the "working" space for artistic and technical tasks - lack of
appropriate protection of the remaining elements of the equipment against damage and soiling.

The strengths of the organizational and technical space, on the other hand, include the following
elements - indicated by the surveyed teachers and observed by the author of this article:

e very ergonomically friendly changing rooms with colorful furniture, individualized both for the
characteristics of healthy children and those with various disabilities (e.g. for a child with poor
eyesight, the locker was marked with bright colors and the name was written in bold);

e benches in the dressing rooms are stable, have the appropriate width of the seat part, with a
suitable place for changeable shoes;

e changing rooms have adequate ventilation and access to natural light.

e passageways and communication routes are sufficiently wide.

Of course, ergonomics is not only the elements included in the organizational and technical area.
Ergonomics are also those elements that determine the appropriate psychophysical well-being, i.e.
physical and psychosocial factors and environmental conditions in which they spend most of their
time during the day. This article, however, focuses primarily on the organizational and technical
area of kindergartens, which are the basis for the proper formation of both the body and the soul
of a small person. It should be remembered that there are elements of ergonomic space that are the
basis for further, appropriate psychophysical development of a child at preschool age.

It is obvious that each child has different perceptual abilities, imagination and perceives the
world differently. It also has other anthropometric dimensions. Therefore, both furniture, chairs,
tables, as well as devices, toys and equipment that he uses throughout his preschool life, should be
adapted to his - already mentioned - anthropometric dimensions, as well as possibilities, needs and
psychophysical limitations. It is very important to ensure the freedom to play, develop and rest,
provide support to children who develop in a dissonant, slower or accelerated way, support
children's independent discovery of the world, including the world of nature, create a variety of
natural situations that build the child's sensitivity, support in building a system of values and
familiarizing with social norms, supporting body activity through e.g. physical, environmental and
music classes, learning about safety, including road safety, learning independence and creating
healthy habits, preparing to start learning at school by supporting mechanisms of learning.

Summary

The basis of safety and ergonomics in the kindergarten environment, which should be provided to
the child obligatorily, because it has reference to legal provisions, regulations and standards, is the
most important. The key aspects in that have been indicated: selection of construction, selection
of materials, lighting, ensuring the proper climate (temperature and ventilation in rooms),
ergonomics of movement in space, technical protection (balustrades, covers, etc.), and many
others. The most common poorly prepared space elements include: tables and chairs of the same
size for all children (lack of personal adjustment), heavy tables and chairs, no rounded edges of
chests of drawers, lack of radiator covers protecting against direct contact with the heating surface,
too poorly lit corridor, lack of appropriate, average height of washbasins for children — too low for
older children, inadequate organization of the "working" space for artistic and technical tasks —
lack of appropriate protection of the remaining elements of the equipment against damage and
soiling. The safety of children in kindergarten is an absolute priority. However, organizational
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measures alone will not ensure their safety. Technical measures must be employed, including
proper materials [13], shaping of surfaces [14] in conjunction with appropriate protective coatings
[15, 16], and for highly critical components, special coatings [17, 18]. Reliable and strong welds
[19], appropriately processed and secured, are essential elements. The proper location and securing
of windows [20] also significantly impact safety. All these elements are numerous and mutually
influential, thus requiring an appropriate analysis of their interactions [21]. In this regard, suitable
statistical methods [22-24] come to the aid, including non-classical approaches that do not require
a priori assumptions about the model's form [25-27].
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