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Methods of ensuring comfort and quality in the design of ecological and safe school furniture

Abstract

Main problem: The functional state at the physiological, psychological and behavioral levels depends
on the student's working posture and affects the fatigue and performance of schoolchildren. Each new
development of school furniture will undergo several test cycles. None of these cycles can give a final version of
the comfort and safety of the equipment. The evaluation of school furniture takes place in several directions:
compliance with building regulations and standards in accordance with age and other physiological parameters,
secondly, the quality, durability and strength of modern materials, as well as the design of the form of which will
provide aesthetic needs and provide a humber of functions that contribute to the development and correction of
children during classes in various disciplines.That is why the main context of this article is the work on
identifying an increase in the period of productive working capacity in children engaged in a new model of a
school desk that meets the basic ergonomic requirements.

Purpose: The purpose of this article is a hygienic assessment of the impact of the ergonomic parameters
of the workplace, namely furniture, on the physiological, psychological and behavioral levels of the functional
state of schoolchildren and the state of the musculoskeletal system.

Methods:To achieve the scientific results of this study, the methods of information and analytical,
professional graphic, ergonomic methods, modeling method, questionnaire and experiment were used.

Results and their significance: In the process of analyzing the information, the material of scientific
research was studied and classified, which substantiates the methods of analyzing the functional feasibility,
environmental safety and constitutional justification of school furniture created on the basis of innovative
technologies including special technical achievements that contribute to the improvement of students'
performance, interest, passion and self-development. The author's classes and tables are proposed in which the
data of questionnaires and typologies of various principles of artistic design are presented, contributing to the
creation of unique and at the same time ergonomic and ecological and safe furniture for schools.

Keywords: hygiene, ecology, safe furniture, school furniture, ergonomics, innovative technologies.

Introduction

The improvement of school furniture is an acute and timely issue. New materials and lighter and at the
same time durable form the appearance of classrooms. In most cases, this is the standard form of a table and
chairs laminated with light walnut chipboard panels. Ergodesign is an integrated into the design methodology, it
is a scientific research analysis in which the concepts of convenience and usefulness of a new design object for
human life are realized. There are two directions of practical application of the results of ergonomic research:
design and corrective.The design board is used when designing a new facility. Corrective — for partial
modernization of an existing facility. In this practice, problems are identified in which the tasks of modern
planners and designers are summarized:

Expand the range of standard furniture depending on the functional tasks of the lesson;

To study the factors contributing to an increase in the performance of students and reducing irritation
from sedentary activity;

To strengthen the factors of aesthetic appeal of school furniture through technical innovations and
expansion of constructive possibilities.

Studying the directions of research in the design of school furniture, we studied the works of scientists,
designers who highlighted various problems of school furniture in scientific articles:

«Hygienic assessment of the influence of ergonomic parameters of student furniture on the functional
state of the child» was considered by Degtev S.Yu.; Bazarny V.F. in his writings considers the problem of
prevention of deviations in the development of students and the formation of a reflex of a low bowed head in the
process of mastering skills by children. Such scientists and researchers as Degteva G.N., Kudrya, L.l. considered
the hygienic assessment of furniture of preschool institutions and schools. Dzyatkovskaya H. E., Dyachkova M.
G. Considered school furniture as a factor of health-saving educational space.

Based on these and many other studies, it is important to emphasize that the functional state at the
physiological, psychological and behavioral levels depends on the student's working posture and affects the
fatigue and performance of schoolchildren [1].
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In this regard, within the framework of this study, work continues to identify an increase in the period
of productive working capacity in children engaged in a new model of a school desk that meets the basic
ergonomic requirements [2]. Various data were recorded on the basis of surveys and questionnaires of students,
teachers and parents.

Survey and questionnaire methods are still an active element included in the analysis of problems that
justify project analysis in design. Let's consider the specifics of the questions and the qualitative parameters of
the answers contributing to the definition of the main problems:

Table 1 — Pre-project, marketing analysis of consumer requests when designing a school desk, using the

parameters of ergonomic research

Consumer

Constructive

Technical

Will the furniture be comfortable
and attractive? Is it possible to
make the ports individual, not
paired, bright in color, to what
extent does this meet the rules and
standards of training?

What exactly should be the
furniture for educational
activities and how does it
differ from other school
furniture

Modern educational processes have
changed not only the structure of the
lesson, but also introduced new technical
factors that contribute to reducing the
time spent on mastering educational
materials. This is facilitated by furniture
equipped with technically advanced
parameters

What special qualities should
modern school furniture have?

How will the shape of the
furniture affect the child's
condition, his  psyche,
physiology?

Is the concept of «smart furniture»
relevant in modern times and are there
such furniture samples in advanced
European schools?

Modern children are not assiduous
and hyper-mobile. Will the new
furniture  contribute to  the
harmonization of students' mental
processes?
Bywhatmeanscanthisbeachieved

Is it possible to create a
desk whose designs will be
able to adapt to the
physiological parameters of
the student?

Isn't the traditional desk an example of
psychological pressure on a modern
student? Modern American schools
conduct classes sitting in upholstered
chairs or even lying on the floor.
(Inthelowergrades)

Questions are formed on the basis of the format and objectives of the study and supplemented with
questions and thematic blocks important for the study.

The meaning of such questions is to identify a general trend that forms behavioral problems and
problems with the violation of bone structures of school-age children.

Doctors, in recent years, have been raising more and more questions about accelerator children, about
the increase in various diseases, and, first of all, these are diseases of the musculoskeletal system, as well as
other diseases associated with them.

Trends affecting the negative state of health of secondary school students consist in a small change in
the designs of school furniture, in the absence of innovative forms that implement the tasks of smart furniture
and are able to adapt to individual tasks of the educational environment. Which would certainly affect the
reduction of fatigue and working capacity of schoolchildren.

Statistical data on the health indicators of students of secondary schools in Kazakhstan indicate an
increase in the incidence of schoolchildren in all classes of diseases. The leading position, in terms of chronic
morbidity, belongs to diseases of the musculoskeletal system. This pathology is determined in every third
student.

Disorders and diseases of the musculoskeletal system of children lead to further restriction of their vital
activity, social insufficiency and, as a consequence, restriction in the choice of profession, contraindications for
military service, negative impact on reproductive health, etc. The state and parents have to spend a lot of money
on treatment and rehabilitation, physical and mental suffering significantly reduce the quality of human life [3].

There are no articles or scientific studies in Kazakhstan that would analyze innovative technologies in
furniture design that affect the change and harmonization of the student's workplace. All the available modes of
studying and the influence of the workplace on the functional state of the student are not systematized. That is
why we have included an analysis concerning the ergonomic parameters of school furniture affecting the state of
the musculoskeletal system as the basis of the practical and experimental research methodology.

Materials and methods

To analyze the sanitary and hygienic condition of secondary schools in Pavlodar, materials of
characteristics of furniture compliance with the growth and age characteristics of children in the examined
educational institution were used, standard methods of evaluating school and children's furniture in accordance
with State Standards and the results of their own research were used. Visual measurements of the working
posture of 1st - 9th grade students at the student desk during lessons were carried out.The method of
photogrammetry was used to assess the students' posture and determine joint angles. The basis for these studies
is the need to monitor human health and vital activity after the introduction of new equipment at enterprises and
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educational institutions. Ergonomics makes it possible to conduct analytical studies in the widest range of data
and identify average problems when using a particular design product.Based on a wide range of scientific data in
the field of school furniture manufacturing, we have developed a classification of problems that became the basis
of this study [4].

Ergonomic properties are the properties of things or complexes that appear in the «person-thing-object
of activity-environment» system as a result of the implementation of these requirements. The main structural
elements of ergonomic research are analysis, synthesis (modeling) and evaluation of the object [1].

Results

The research methods are based on the analysis of human activity, which includes step-by-step
interaction with an object or object. Based on this, shortcomings are synthesized and recommendations are made
for their accounting. The assessment of human interaction with the design object should reveal the full
implementation of ergonomic requirements and adjust the system of interaction «person-object-environment» to
create optimal biological parameters that will contribute to improving the quality of work. [5].

Table 2 - Such data is based on the following parameters:

Ergonomic parameters Type of equipment «chair» Type of equipment «table»

Convenient use The chair may have a different seat | The table changes the angle of the
height tabletop

Availabilityofuse No extra effort required Transformation is simple and

accessible

mobility Easy to move around Easily movesand transfonms

comfort It is comfortable to sit on a chair | Anatomically correct forms of
for a long time furniture are pleasant to a person,

there is an effect of relaxation,
simplicity of pleasure and comfort

Environmentalfriendliness Usingnaturalmaterials
Safety Additional amenities are being | Orthopedicinserts
added

There are classical and ergonomic parameters. Classical ones are used in the study of body proportions,
age morphology of characteristics of schoolchildren. Anthropometric directly during the design. Two types of
anthropometric features are used in the design process: static and dynamic.

With the student's position unchanged, static signs are determined. They include the dimensions of
individual body parts and also overall, i.e. the largest dimensions in different positions and poses of a person.

These dimensions are used when designing things and determining the minimum passages in the
premises.

Each block is formed by the designer by specific means and methods.

In practice, developers use the data of the radial table of comfort and maximum permissible values to
create comfortable equipment for schoolchildren of various ages.

All factors affecting the human body are taken into account.To calculate such values, somatographic
and experimental methods of solving ergonomic problems are used to select the optimal ratios between the
proportions of the human figure and the shape, size of the object [6].

If the student's position remains unchanged, statistical signs are determined. They include the
dimensions of individual body parts, as well as overall, i.e. the largest, dimensions in different positions and
poses of a person.These dimensions are used when designing things, determining the minimum passages.

Dynamic anthropometric features (requirements ) are the dimensions measured when a body moves in
space. They are characterized by angular and linear movements (rotation angles in x, the angle of rotation of the
head, linear measurements of the length of the arm 12 when it is moved up, to the side). These signs are used in
determining the angle of rotation of the handles, pedals, determining the visibility zone, etc.

Psychological factors are basic for ergonomics , related primarily to the psychology of activity. The
following are relevant: psychological features of children of different school age, psychological features of
attention; the role of the psychological climate in the classroom.

The comfort of the stay of junior, middle and senior level children at school is determined by the
following data blocks:

1. Hygienic characteristics;

2. Psychophysiological factors;

3. Spatial and anthropometric parameters.

Each block is formed by the designer by specific means and methods. The first one is mainly
engineering and technical equipment and measures ensuring the implementation of state stabdards and building
regulations.These include noise insulation, ventilation, sufficient daylight and lighting in the evening, the ability
to wash your hands, drink water, large recreations realize the problem of active movement during recess. Two
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other blocks are related to the age characteristics of students and their abilities. That is why children's
educational institutions are divided into medium-standard, special, corrective, etc.

In practice, developers use the data of the radial table of comfort and maximum permissible values to
create comfortable equipment for schoolchildren of various ages. At the same time, all factors affecting the
human body are taken into account. The comfortable values of each factor are indicated on the inner radius
(closest to the person), and the maximum permissible values are indicated on the outer radius, farthest from the
person. To calculate such values, somatographic and experimental (mock-up) methods of solving ergonomic
problems are used to select the optimal ratios between the proportions of the human figure and the shape, size of
the object (Figure 1). In the presented schemes, the necessary values are formed on the basis of which
calculations are performed:

— The back touches the back of the chair

— Elbows are on the table

— The feet touch the floor completely

— Back perpendicular to the table

— The position of the knees to the back is 90°

— Viewing angle of books or computer screen no more than 30°

ST i

L. S
Figure 1 — Chromatographic studies on the basis of which comfortable values of school equipment are taken and
calculations of structures are made

Discussion

When calculating the parameters of a student's workplace, it is necessary to use reference bases that
correspond to the bases taken when measuring body size

— The selected coordinate system and the corresponding calculation bases;

— Student's working position;

— The magnitude of the scope of working movements;

— Number of workplace elements;

— Visibility Parameters;

— The need to limit the workspace, the possibility of mobility of the workplace element.

A striking example of ergonomic furniture for schoolchildren is a table or desk with an adjustable
height and tilt of the table top. These properties of the table are very important for a growing organism, since it
can be convenient for a first-grader to work at one height, and after a year — at another.In addition, such a table
can be adjusted to the individual characteristics of the child and his personal wishes.

Another common example is chairs with adjustable seat height, as well as with the presence of a
headrest and armrests. Such chairs and armchairs allow you to maintain the correct posture and get less tired
during educational or gaming activities.

Theergonicity of furniture is not limited to the forms of chairs and tables: it includes all the nuances of
creating a comfortable interior.

Ergonomics in furniture is a prerequisite for the rational use of space, as well as the guarantee of
excellent physical condition of the body.

Conclusion

On the basis of the studied furniture samples and conducted analytical activities, including
questionnaires of students and parents, the following conclusions are made:
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The studied standards and comfort factors are listed in a table that allows you to trace the logic of
selecting the appropriate parameters in the design and manufacture of various kinds of functional furniture for

schoolchildren.

Table 3 — Indicators of qualitative features contributing to the adoption of design decisions in the design of

school furniture

Ne Types of Compliance of Optimal Posture Data on energy consumption of
furniture indicators with working disorders| students using standard and innovative
the age data of posture of school furniture
students students
1. | table-chair 125 % Maximum 30,4 %, | Motor activity increases 6 times by the
fatigue; end of the lesson rational working
observed in the posture - at the 4th lesson, only 5% of
3rd lesson students retained
2. | Schooldeskwi | 86,7 % 87 % 5,4 %. 92% in children, it leads to: a decrease

tharmrests in the response time to a light stimulus,
and also stabilizes the heart rate,
contractions and blood pressure. The
indicator of working capacity in
children with: use, ergonomic: student
furniture was 0.53 = 0.24 units higher,

and anxiety - 1.70 = 0.76 units lower,

The algorithms identified on the basis of the proposed classifications in Table 1 allows us to obtain
objective data on the compliance of the working posture with the energy consumption of the body during
educational activities.

The arrangement of school classrooms nowadays is strictly controlled by various narmatives and
standards, thanks to which the school management can quickly pick up new furniture for recreation, classrooms,
locker rooms and other school premises

Such ergonomic studies make it possible to take into account the dimensions of furniture necessary for
the correct fit of children of different ages, to justify hygienic requirements for signs, strength, stability,
materials, etc. Therefore, the design of furniture items for schools and kindergartens should be carried out not
only within the standards but also taking into account the individual physical characteristics of children and
allow you to adjust or timely change or adjust to these features the equipment that is used in the educational
process

It depends on what kind of furniture designers will design and what data they will rely on will affect the
posture and health of future generations.
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10.1. Mamnal*, E. H.Konoconal, B.H.MaTBeeBI, H.U.Marseesa’
Yunoamusibik Eypasus yauBepcurerti, Kazakctan

IKOJIOTHSUIBIK JKIHe Kayirnciz MekTen :kuha3bIH ko0anay Ke3inge KalJbUIBIK MeH callaHbl KAMTaMAaChI3
eTy daicrepi

DU3HONOTHAIIBIK, TICUXOJIOTHSUTBIK JKOHE MiHE3-KYJIBIK JeHreiiepinaeri (QyHKIMOHAMAB! KaFmai
OKYILIBIHBIH JKYMBIC JKaF[aiblHa OaiIaHBICTBI KOHE OKYIIBLIAPIBIH IIApIIaybl MEH JXYMBICHIHA dCep eTell.
Mexren >xuhasbHBIH op XaHa JaMmybl OipHemie ChIHAK MUKITapblHaH oTefi. OChl MUKIAEPHAIH eIIKaWCHICH
JKaOIBIKTHIH KaIBUIBIFBI MEH KayIilNCI3AiriHIH TYNKUTIKTI HYCKACHIH Oepe anManasl. Mekremn xuha3siH Oaranay
OipHeme OarbITTa JKYpesmi: JKachblHa XoHE Oacka (U3MONOTHAIBIK mapamerprepre coiikec CHME wmen
CTaHIApPTTApFa COMKECTIK, eKIiHIIiNeH, Ka3ipri 3aMaHFBl MaTepUANTApIbIH Camackl, OEpiKTiri MeH OepiKTiri,
COHJIali- aK 3CTCTHKAJBIK KKETTUIIKTEP]] IKaMTaMachl3 €TCTiH KOHE OpTYPJIi MoHAep OOWBIHINA cabak Ke3iHmae
OayanaplplH JaMybIMEH TY3eTiLTyiHe BIKIaJl eTeTiH Oipkarap (YHKIMsIIapAsl KaMTamachl3 eTeTiH (opMaHbIH
qu3aiiHbl.  COHIBIKTaH OChl MaKaJlaHBIH HETi3r KOHTEKCTI HETi3ri 3prOHOMHUKAJIBIK TalanTapra COWKec KeJeTiH
MEKTEeIl YCTEJiHIH XaHa MOJEJHe KaThiCaThlH Oajajapiarbl ©HIMJI KYMbIC icTey KaOUICTTUNIriHIH apTybIH
aHBIKTay OOJIBIN TaObLIA IBI.

Ocbl MakaJaHblH MaKCaTbl — YKYMBIC OPHBIHBIH 3PrOHOMHUKAJIBIK IapaMeTpiepiHiH, aran aWTKaHaa
skrha3plH OKYIIBLIAPBIH (DU3HOIOTHSIIBIK, MCUXONOTHSJIBIK KOHE MiHE3-KYJIBIK JCHICHIIepiHEe JKOHE Tipek-
KAMBUI JKYHECiHIH KYHiHe ocepiH THTHEHANBIK Oaranay.

Ocpl 3epTTeyniH FBUIBIMH HOTIDKENEpiHe KOJ JKeTKi3y YIIiH aKIapaTThIK-aHAJIUTHKAIBIK,  KociOu-
rpaduKajbIK, SPrOHOMHUKAIIBIK J/ICTEP, MOJEIBALY, CayalHaMa JKOHE IKCIIEPUMEHT d/iCTepi KOIAaHBUI/IBI.

AxnapatrThl Tanmay OapbIChIH/A FBUIBIMHU 3€pPTTEYJICPIiH MaTepHabl 3ePTTENIl KIHE HKIKTSNl, OHAA
OKYIIBUTAP/IBIH JKYMBIC iCTey KAaOUICTTUIINH , KbI3BIFYIIBUIBIFBIH, BIHTACBIH JKOHE ©31H-031 JaMBITYFa BIKIAI
eTeTIH epeKIle TEeXHUKAJbIK JKETICTIKTEp/l KAMTHUTHIH WHHOBALMSUIBIK TEXHOJOTHsUIAp HETI3iH/Ae )KacalFaH
MekTen Jkuha3blHbIH ~ (YHKIMOHAIABI  OPBIHABUIBIFBIH, 9KOJIOTHSUIBIK ~ KayilCi3AiriH Tajnjay opjicrepi
HETi3/IeNreH. ABTOpJIBIK KJIacCTEpJiep MEH KecTelep MEKTEeNTepre apHalfaH epekile, COHbIMEH Oipre
APrOHOMHMKAJIBIK, )KOHE IKOJIOTHSUIBIK JKOHE Kayilci3 xknha3s jkacayra bIKNaJl €TETiH KOPKEeM JTU3aiHHBIH opTYpIIi
NPUHLMITEPIHIH cayalHaMallapbl MEH THIIOJIOTUSICHIHBIH MOJIIMETTEPIH YChIHAIBI.

TyiiiH  ce3nmep: TATHEHA, 3KOJIOT S, Kayinci3 jkumha3, Mekten >kuhaspbl, JPrOHOMHKA,
MHHOBAIMSIBIK TEXHOJIOTHSIAP.

10.1. Ma:mnal*, E.H.Konoconal, B.I[.MaTBeenl, H.M.MarBeepa’
"MuHoBaIMOHHbII EBpasuiickuit yausepcuret, Kazaxcran

Mertoanbl o0ecnieyennst KoMmGpopTa ¥ Ka4ecTBa NPU MPOEKTHUPOBAHUH IKOJIOTMYeCKOM
U 0e30MacHoi WKoJbLHOI Meden

Crnenuduka 3aHATHH JOeTed IIKOJIBHOTO BO3pacTa TMPEANONaracT MUHAMAIbHYI0 (HHU3HUYECKYIO
aKTUBHOCTH. BpemeHHbIe paMKi NpeObIBaHUS 3a INKOJIBHOW MapToil, a 3aTeM | 3a y4eOHBIM CTOJIOM JOMa He
pemrarT npobieM HapylieHus] CTPYKTYpPhl TO3BOHUYHUKA Y MIIQAMINX U CPEIHUX IIKOJLHUKOB. B CBs3M C 3TUM
B OCHOBE JIaHHOM CTAaThbM JIe)KAT MPUHIUIMBI KIACCUPUKANUU WHOOPMAIIMA O COBPEMEHHBIX JOCTHKCHHSX B
o0nacTy SPrOHOMHKHM IMKOJBHOH Mebemu ¥ MeToJax ee€ TPOEKTUPOBaHUs. BoIbIIMHCTBO 00pa3ioB
COBPEMEHHOM MeOenn, HECMOTPS Ha MMPUMEHEHHE WHHOBAIIMOHHBIX MATEPUAJIOB, BKIIOYEHHBIX B KOHCTPYKIIHH
MeOenH, He pelaroT IpooIeMbl KOMGOPTHOCTH U 0€30IIaCHOCTH IIKOJIBHOTO 000pynoBanus. OleHKa MIKOIBHOM
MeOeH MPOXOJNUT TI0 HECKOJNbKUM HampasieHusM: 1) coorBerctBue CHUIIlam u cranmapram, BO3pacTBIMH U
JIpYTAMHU  (DU3NOJOTHUYCCKUMHE T1apaMeTpaMu; 2) KadecTBO, JOJITOBEYHOCTh U MPOYHOCTH COBPEMEHHBIX
MaTepuaioB; 3) KOHCTpyKuus (opmel, koTopas Oyaer o0OecreunBaTh JCTETHUYSCKUE MOTPEOHOCTH U
MpeayCMaTPUBATh PSI PYHKIUH, CIOCOOCTBYIOIIMX PAa3BUTHIO M KOPPEKIIMU JICTSH BO BpeMs 3aHITHI.

Lenbo TaHHOUW CTAaTBHU SABJISECTCS OICHKA 3PTOHOMHUYCSCKUX ITapaMeTpoB pabodero MecTa INKOJEHUKA H
WX BIUSHUE HA (PU3HOJIOTHUECKOE COCTOSIHHE OIOPHO-ABUTATEIBHOIO ammapara, a TakXke Ha W3MEHEHHE WIIN
TapMOHHU3ALIMIO TICHXOJIOTUYECKOT0 U MOBEIEHYECKOT0 YPOBHS yUAIIUXCS.

Jns  mocTmKeHWsT HAy4dHBIX PEe3yJbTaTOB JAaHHOTO HCCIEJOBAaHUS HCIOJIB30BAJIUCh  METOJIbI
MHPOPMAMOHHO-aHAIUTHIECKHE, TPOPECCHOHATBHO-TpaQUIECKHE, JOPrOHOMHUYECKHE  METONbI, METOJ
MOJIEIMPOBAHUSI, AHKETUPOBAHUS U SKCTIEPUMEHTA.

B pesynbTare uccienoBaHus ObLT U3Yy4YCH M KIACCU(PUIIMPOBAH MaTepHal HAYYHBIX UCCICIOBAHHM, B
KOTOPBIX OOOCHOBBIBAIOTCS METOJBI aHajdW3a (PYHKIUOHAIBHOW IIEIeCOOOpPa3HOCTH, JKOJIOTUYECKOM
0C30MaCHOCTH M KOHCTPKYTHBHOH OIPaBIAHHOCTH INKOJBHOW MeOenu, CO3IaHHOW HAa OCHOBaHHU
WHHOBAIIMOHHBIX TEXHOJOTHH, KOTOPBIC BKIIOYAIOT OCOOBIC TEXHMYCCKHE JOCTHKCHUS M CIHOCOOCTBYIOT
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MOBBILIEHUIO  pabOTOCHOCOOHOCTH — y4alllMXCs, 3aWHTEPECOBAHHOCTH, YBICYCHHOCTH W  CaMOpa3BHUTHSL.
IMpennoxkeHs! aBTOPCKHE KIACTEPhl M TaONUIIBI, B KOTOPBIX HPEACTABICHBI POE3yIbTAThl aHKETUPOBAHUSA H
TUTIOJIOTHH PA3IMYHBIX NPHUHIUIIOB XyJOXXECTBEHHOTO KOHCTPYHPOBAHHMS, CIIOCOOCTBYIOUIINX CO3aHHIO
YHHUKAJIBHON M B TO K€ BPEMs SPTOHOMUYHOM, IKOJIOTHIECKON 1 Oe301acHO MeOeH IS IIKOJ.
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