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Educational and technological conditions as
a factor of university environment development

Most universities in our country are multifunctional complexes solving the task of improving the quality of higher ed-
ucation. This task is one of the highest priorities at the present time. One of the conditions for solving this problem
is creation of a special educational environment. Such environment provides training for specialists not only today,
but also in the near future. A modern university is a unique form of organization and development of the education-
al environment, which increases the effectiveness of educational spaces, promotes the unification of education, sci-
ence, research, innovative technologies and business, integrated with the city and industry, increasing regional at-
tractiveness. The higher education practical importance and the value of interuniversity cooperation and partnership
with leading specialized companies is increasing. This explains the significant attention and assistance to the Rus-
sian higher education system rapid transformation by the state and regional authorities in recent years. Howev-
er, changes are also taking place within the university. New educational technologies are emerging at universities,
the educational environment is changing, the material and technical base is being updated, education itself is be-
coming more flexible and adaptive, and the importance of cross-disciplinary links is increasing. At the same time,
the same external environment requires universities to be more resilient and have a more developed infrastructure.
The university has to become a multifunctional environment combining education, scientific activity, innovation and
culture. For this reason, the material space should meet clear functional and technological requirements for the pro-
cesses that will unfold and develop within the university and on its territory, in accordance with the adopted function-
al model of the entire educational complex, as well as be able to adapt to changes. How and with the help of what
tools can these tasks be solved at the current level of development of higher education, architecture, construction?
Keywords: educational environment, educational technologies, material and spatial environment, register of re-
quirements, regulatory and technical documents, regulatory and legal documents, functional and technological re-
quirements
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INTRODUCTION processes based on the effective use of budgetary

funds. And the value of the educational space as
a social system acquires greater significance in
the conditions of generating new development
goals [3]. The need for such changes logically fol-
lows from the processes taking place in society and
the economy. The Fourth Industrial Revolution re-
quires specialists to acquire competencies corre-
sponding to the demands of the digital economy [4].

The concept of technological development of
the Russian Federation until 2030 defines structural
changes in education and science as a challenge
of technological development'. At the same time,
involvement in innovative scientific and technical
projects of a wider audience raises questions about
the proper distribution of resources and the availa-
bility of prospective groups of future innovators?.
Since technological sovereignty in the field of criti-

In the conditions of post-industrial society,
the approach to the organization of the educational
process is changing. The new concept of education
(Education 3.0) implies the integration of traditional
and digital technologies in creating the educational
environment and organizing the educational pro-
cess. Modern education increasingly acquires
the characteristics of Education 3.0, namely, person-
ality-oriented education based on web technologies.
Proficient use of modern computing devices allows
students to largely independently shape their educa-
tional environment, thereby introducing elements of
the concept into their professional training [1].

The concept of “educational environment” itself
is becoming more complex — it is being technolo-
gized, i.e. the introduction of modern learning and
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development technologies; all subjects of educa-
tional activity and external partners interact in
the conditions of informatization, other effective or-
ganizational and technological mechanisms and
tools for this interaction are being built. Educational
activities are always at the center of attention of
the state [2]. It requires organized efforts to create
conditions of comfort and safety for educational

cal and cross-cutting technologies is seen as
the benchmark of technological development, pref-
erence is given, first of all, to natural science and
engineering disciplines in training the personnel
reserve. Unfortunately, at the moment, only 9 % of
students engage in science, participate in startup
accelerators and acquire digital competencies®. In
addition, the ability to engage in scientific and

1 Concept of technological development of the Russian Federation. URL: http:/static.government.ru/media/files/KIJ6A00A1K5 t8Aw93N-
fRG6P80IbBp18F.pdf
2 Report “University campuses and the city: cooperation for the sake of competitiveness”. Center for Strategic Research (CSR). Universi-

ty 2035. VEB.RF. URL: https://www.csr.ru/upload/iblock/3f0/kbpm276p3taubknlizdla3d6ozz0fveOe.pdf

The collection of statistics according to the data of the Short statistical collection Education in numbers 2022, Ministry of Education, Ministry of Lighting,
FSSS, HSE, monitoring of the Russian Technological University. URL: https://monitoring.miccedu.ru/?m=vpo, statistics. “Employment of graduates in the field
of study”, HSE, Moscow Power Engineering Institute, Statistics ANO NTI Platform. URL: https:/platform.nti.work /?ysclid=IshdkafOpj477649224. Materials of
the University 2035 website. URL: https://www.2035.university/
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scientific-technical creativity is not common: the so-called scientific
and technological elite is a small stratum of specialists capable of
implementing innovative and scientific projects. In order for it to
appear in the country, it requires revision of educational and scien-
tific trajectories in universities, popularization of science, as well as
appropriate educational, material and spatial environment*.

THE UNIVERSITY CAMPUS
AND ITS MATERIAL-SPATIAL ENVIRONMENT

The university campus and its material-spatial environment
serve as a vivid example of the complex environment of higher edu-
cation. It is an organized set of multifunctional objects performing
educational, research, innovative, social, and service functions,
unified by infrastructural development issues and a common model
of interaction with the territory of presence?.

The concept of “campus” correlates with the concept of an educa-
tional or educational-technological environment, which is defined as
“a set of organizational and pedagogical conditions related to the pro-
cesses of designing and deploying clearly defined algorithms and
mechanisms of continuous development and self-development of all
participants in the educational process, as well as the educational or-
ganization as a whole as an object of study and practice, assuming
a complex substantive, technological, organizational-practical, and
managerial structure” [3]. At the same time, the educational environ-
ment is not a stable system even for a period, as its transformations are
associated with the constant search for and implementation of new
technologies and methods of organizing the educational process in
practice. If initially it was supposed to be favourable or well appointed,
providing external and internal conditions for achieving the goals of
the educational process, then now it is defined as a set of opportuni-
ties for personal development arising from interaction with its social
and spatial-object environment [5]. In previous publications, the au-
thors also proposed a definition of the educational environment as
a systematically formed space in which interaction of the subjects of
the educational process with the external and internal environment (ar-
chitectural space) takes place, as a result of which the individual char-
acteristics of the student's personality are revealed and enable him to
receive a good education in conditions of fairly free choice of an indi-
vidual educational trajectory. Thus, we see the educational environ-
ment of the university as a complexly organized system, depending on
many factors, a significant part of which is of a material-spatial nature.
It would be reasonable to assume that the corresponding material-
spatial environment (hereinafter MSE) of the university transitions from
additional conditions to basic requirements for ensuring the educa-
tional process.

The elements of the material component of the educational en-
vironment, which includes the educational process, are the building
itself, its spaces, structures and design of premises, engineering
systems and equipment providing internal microclimate, low-cur-
rent networks, functional and technological equipment.

Most accurately, according to the authors, the definition of “el-
ementary” MSE with one function is revealed by the following defini-
tion: a material environment limited by the boundaries of the space
with content (including equipment, facilities, structures and

decoration), providing the necessary and sufficient conditions for
the implementation of the activity (function) envisaged by the edu-
cational technology in this space.

To be fair, there is a lack of research on the impact of MSE on
learners. Until now, the importance of material factors for enhancing
the effectiveness of the educational process has been described
from an economic perspective, taking into account ergonomic prin-
ciples®. Changes in forms and technologies of learning, roles of par-
ticipants in the educational process, are likely to change perceptions
of space, functional zoning, and equipment of universities. Modern
educational technologies are very diverse and significantly differ
from each other in terms of MSE requirements. Among them, we can
highlight: distance learning, the use of AR and VR technologies,
STEM education (Science, Technology, Engineering, Mathematics),
blended learning, mobile and flexible learning, work in virtual educa-
tional laboratories, hybrid interaction formats, project-based learning
(involving students in practical and research tasks both within and
outside the university), and others. Also gaining momentum is ad-
vance training — accelerated professional education, one of the ap-
proaches to which assumes that “the number of highly qualified
workers prepared should exceed the existing demand for them in
order to form the educational-professional potential of society”®.
More startup incubators are emerging (an association that provides
young entrepreneurs with infrastructure, educational programmes,
expert support to develop and successfully launch their startups)’. At
the same time, we cannot forget about research activity. Considering
the current demand for the implementation of scientific and innova-
tive activities at the university, factors capable of influencing person-
al development and increasing the effectiveness of intellectual activ-
ity gain additional weight. Thus, the MSE should meet all the needs
and possibilities of the participants in the educational process, be
technological, transformable, interactive, and multifunctional.

EDUCATIONAL AND TECHNOLOGICAL
CONDITIONS OF THE UNIVERSITY

As already reflected, the modernization of higher education,
the implementation of adaptive, practice-oriented educational pro-
grammes requires flexibility and multifunctionality from the educa-
tional environment, and the introduction of new educational meth-
ods necessitates the reorganization of existing spaces and
the creation of new ones. One of the obstacles on this path is
the lack of mechanisms and rules for determining, forecasting, and
describing the properties and parameters of the created MSE of
the university or even the entire campus. This is especially relevant
considering that this environment will provide conditions for positive
changes in the field of science and higher education, the profile
development of regions, and the country as a whole®.

On the one hand, the properties and parameters of the environ-
ment largely depend on the functional and technological content,
which is most relevant for inter-university campuses, while on
the other hand, they determine architectural, construction, engi-
neering, technological, and other requirements. Some of these re-
quirements may have a functional and technological character,
while others may be normative-technical or even regulatory-legal.

4 Sergeev A.M. Science should be! Moscow International Salon of Education 06.10.2021. URL: https:/scientificrussia.ru/articles/mmso-prezident-ran-a-sergeev-nauke-byt

5 Solovyova E.A. The study of the role of the subject-spatial component in the formation of the educational environment of the university. Psychological Sciences. 2005; 83-95. URL:
https://cyberleninka.ru/article/n/issledovanie-roli-predmetno-prostranstvennogo-komponenta-v-formirovanii-obrazovatelnoy-sredy-vuza/viewer

6 Blinov V.1., Satdykov A.l., Osadcheva S.A., Krasovsky N.A. Advanced vocational training: formation of system-forming components. DOI: 10.22394/2078-838X-2020-4-84-93.

URL: https://edpolicy.ranepa.ru/core-components
7 Materials of the MIPT Startup Studio website. URL: https://ssmipt.ru/

8 The concept of technological development for the period up to 2030. URL: http://government.ru/docs/48570/
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These requirements regulate the parameters of the MSE provided
at the stage of designing a new, reconstructed, or renovated university
building. Regulation of compliance with these requirements is carried
out during construction and installation or repair-restoration works.
Regulation of maintaining these requirements is carried out during
the operation of buildings. The solution to this problem proposed by
the authors may be the formation of a new type of multicollinear condi-
tions and requirements based on the relationship between the param-
eters of the implemented educational (scientific-educational, educa-
tional-research) activities and the parameters of the MSE.
Multicollinearity is determined by mutual influence: educational activi-
ties determine the conditions and requirements for the MSE, while
the latter, in turn, determines the requirements and restrictions for
the implemented educational activities.

In accordance with the conditions described above, the au-
thors propose to call them Educational-Technological Conditions
(hereinafter ETC). They may include a set of properties and features
of the building, its structures, engineering systems, and techno-
logical equipment that determine the ability to satisfy the need for
physical space corresponding to the conditions of educational ac-
tivities. It is absolutely true that ETC can only be defined and mod-
eled by the university as the functional customer. ETC can be most
vividly represented in the following two examples.

1. In full compliance with the prepared ETC by the university,
designers develop project documentation for the construction of
a new building or for reconstruction with adaptation of an existing
building. This case is analogous to the development of a techno-
logical project in industrial construction.

2. As part of the development of a project for the overhaul of
a university building, the selection of educational processes and
technologies that can be built into certain spaces of the building is
made on the basis of ETC.

From a qualitative point of view, ETC represents a system of
engineering parameters — measures of an effective, safe, and
comfortable educational environment. However, ETC does not aim
to replace normative-technical, regulatory-legal, or sanitary-hygien-
ic requirements. It can be reasonably assumed that ETC may in
the future complement the task of developing project cost estimates
for construction, reconstruction, or major repairs of buildings.

Figure shows the scheme of forming ETC, which, as noted above,
reflects the mutual correspondence of the MSE, educational

infrastructure, represented, for example, by laboratory or educational
equipment, applied educational technologies, and regulated indoor
environment, i.e., microclimate of various functional zones. It should be
noted that in the presented scheme, educational infrastructure partici-
pates in determining ETC indirectly, as they are part of the MSE. From
the scheme, it is evident that the degree of mutual correspondence of
elements of the educational environment, expressed through ETC, cor-
responds to the area of the intersection zone of the elements.

The proposed methodology for applying ETC fully corresponds
to the ongoing transformation in the construction industry, associ-
ated with the transition to a registry-based principle and a system of
parametric regulation, and in the future will allow for the initiation of
the formation of a digital model of university facilities, including
those within campuses, already at the pre-design stage.

PRINCIPLES OF APPLYING EDUCATIONAL
AND TECHNOLOGICAL CONDITIONS

Since the mechanism of ETC is only being proposed to the pro-
fessional community, it is difficult to outline its clear goals, objec-
tives, and areas of application. However, general principles of ap-
plication can already be formulated, including:

e ETC can be applied in describing any zone with one or more

interconnected functions;

e ETC can define functions that are either rigidly fixed or trans-
formable over time;

e ETC can have different levels of detail and depth of content;

¢ ETC should adequately reflect operational, functional, and
technological requirements for zones;

e ETC should include requirements for the location of zones in
the complex, determined by their functional-technological
purpose;

e ETC should contain information on the number of people from
all groups present in the zones;

e ETC should include requirements for providing access for
people with reduced mobility;

e ETC should include requirements for equipping zones with
workstations (including automated, high-tech ones);

e ETC should incorporate data on hazardous technological pro-
cesses;

¢ ETC should have the ability to integrate into the existing func-
tional model of the university, and so on.

A promising direction for the development of ETC is seen in
defining and considering parameters that contribute to improving
the psychological state of learners, regulating and enhancing
the efficiency of processes and communications between function-
al zones, and fully integrating scientific-production functions.

CONCLUSION

Today, there is a rapid transformation of the Russian higher edu-
cation system. Adaptability and resilience have become the main
directions of university infrastructure development. Completely new
educational methods and techniques are emerging, universities are
increasingly integrating into urban environments, and the value of in-
ter-university cooperation and partnership with leading profile com-
panies is increasing®. However, there is no single methodology for
forming functional and technological requirements for the space of
higher education institutions, especially university campuses.

9 The main activities of the Government of the Russian Federation for the peri-
od up to 2024. URL: neOvGNJUK9SQjIGNNsXIX2d2CpCho9qgS.pdf (government.ru)
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The nearest requirements contained in regulatory-technical docu-
ments regulate individual issues of building microclimate and
the placement of basic technological equipment. Therefore, the tasks
of building a general functional model of the university and forming
a set of requirements for each functional zone at the stages of de-
sign, construction, and operation fall on the educational institution
itself. The proposed mechanism for using ETC can be a helpful tool
for universities in their development, especially in collaboration with
designers, contractors, and operating organization.
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O6pa3oBaTefibHO-TEXHOIOrNYECcKue
ycnoBus Kak ¢paktop pasButus
YHUBEPCUTETCKOW cpeabl

BOoNbLUMHCTBO YHNBEPCUTETOB HALLUEN CTpaHbl ABMAAOTCSA CNOX-
HbIMW MHOFO(DYHKLIMOHANBbHBIMU KOMMNEKcamu, peLuarLnmm
3afadvy NoBbILLIEHUS Ka4yecTBa BbICLLIEro o6pa3oBaHus, KOTo-
pas fBNSeTca OAHOW U3 camblX MPUOPUTETHBIX Ha JaHHbIA MO-
MeHT. OgHO 13 YyCNOBWUIA peLLeHns 3TOW 3agayn — cosfgaHue
cneunanbHon o6pas3oBaTefibHOW cpefbl, o6ecnevymBaoLLen
NOAroTOBKY CMEeLnanncToB He TONIbKO CerofHs, HoO 1 B 0603pu-
Mom 6yayuieM. COBpPEMEHHbIN YHUBEPCUTET — 3TO YHUKaIb-
Haa dopma opraHv3auun n pa3suTMa obpasoBaTernbHON cpe-
Abl, KOTOpasa MoBbIaeT 3PPEKTUBHOCTL 06pa3oBaTENbHbIX
NPOCTPaHCTB, CNOCO6CTBYET 06bEANHEHNIO 06Pa30BaHUA, Ha-
VKW, NCCNefoBaHni, NHHOBALMOHHbBIX TEXHONOIMIA 1 6u3Heca,
WHTErpupoBaHHas ¢ ropoAoM M OTPachbio, MOBbILIAOLWAA pe-
rMOHAaNbHYIO NPUBMEKaTeNbHOCTb. 3HA4YUTENIbHOE BHUMAaHNe
W COOEeNCTBME NPOLIECCY CTPEMUTENBHON TpaHcdopMaLmm cu-
CTEMbl POCCUMIACKOrO BbICLLEFO 06pa3oBaHUs CO CTOPOHbI Fo-
cyfapcTBa U permoHanbHbIX BNacTen B nocnegHue rofbl 06-
YCII0B/IEHO MOBbILLEHNEM MPAKTUHECKON 3HA4YMMOCTU BbICLLIETO
06pa3oBaHns, LEHHOCTU MEXBY30BCKOW koonepauuv n napT-
HepcTBa € BeAyLUMMM NpodunbHbIMU KOMIaHuaMu. Ho namere-
HUA NPOUCXOOAT U BHYTPU YHUBEpPCUTETA: NOABNAKOTCA HOBblEe
o6pasoBaTenbHble TEXHOMOrNN, MEHAeTCsa obpasoBaTenbHas
cpepa, o6HOBNSAETCA MaTtepuanbHO-TEXHMYECKas 6a3a, caMmo
o6pa3oBaHMe CTaHOBUTCA 60nee rMbéKUM U aganTUBHbIM, MO-
BbILLAETCS 3HA4YMMOCTb KPOCC-ANCLMNNNHAPHBIX cBA3en. [pn
3TOM Ta Xe BHELLHAA cpefa TpebyeT OT YHMBEpCUTETOB 60Mb-
LUen YyCTON4MBOCTH, 6onee pasBuTon MHOPACTPYKTYPbl U MHO-
roPyHKLUNOHaNbHOCTU, YTOObLI 06BbEAMHUTL 06pa30BaHmNe, Hayu-
HYI0 AeATEeNbHOCTb, UHHOBaLUN N KynbTypy. Mo 3ToW npuynHe
MaTepuanbHoe NPOCTPaHCTBO AOSHKHO OTBeYaTh YETKUM (PyHK-
LMOHasIbHO-TEXHOOrnYecknm TpeboBaHnsaM K npoLeccam, Ko-
Topble 6yAyT pasBopaynBaTbCsA U pa3BUBATLCA BHYTPU YHU-
BepcuTeTa U Ha ero TEpPUTOPUN B COOTBETCTBUMN C NPUHATON
PYHKLMOHANbHOW MOESbIo BCEro y4e6HOro Kommnsekca, a Tak-
Xe MMeTb BO3MOXHOCTb afanTMpoBaTbCs K U3MeHeHnaMm. Kak
1N C NOMOLLbIO KAKUX MHCTPYMEHTOB MOFYT 6biTh PELUEHbI 3TH
3afa4M Ha COBPEMEHHOM YPOBHE pa3BUTUA BbICLLEro 06paso-
BaHWS, apXMTEKTYpbl, CTpouTencTea?

KnroyeBble cnoBa: obpa3oBatesibHasi cpega, 06pa3oBartesib-
Hble TeXHOJIoruu, MaTepuasnbHO-NPOCTPaHCTBEHHAs cpeja,
peecTp TpeboBaHWUi, HOPMATUBHO-TEXHUYECKME [OKYMEHTHI,
HOPMAaTUBHO-MPaBOBbIE [OKYMEHTbI, YHKLNOHAIbHO-TEXHO-
Jsiorn4eckme TpeboBaHusi
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