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Abstract

Information technologies, which are widely implemented in educational institutions, have a significant
impact on all aspects of the educational process. They change the basis of teaching methodology, expand
the educational space, increase the variety of forms of education, have a significant impact on children's
social engagement. In this regard, the challenge of outlining the education-related technology scope and
proposing an appropriate development assessment method is of relevance. Despite the widespread
introduction of information technology in the educational process, this issue has not yet been given due
attention. This paper considers the development of a technology selection and assessment method based
on the integral index generally determining the level of technology development in education. From the
perspective of unbiased assessment, the procedures for selecting indicators and assigning weights thereto
when calculating the integral index are decisive. When selecting, only those indicators are considered
which characterize a limited scope of technology referred to as the most significant for the field in
question, with the choice of weights reduced to the process of aligning the average values of indicators.

The results of testing the method, as exemplified through assessing the technology development level of

the basic education segment in the field of basic education, show the correlation of the technology
development level with the region-based social and economic development level and the relationship with
the volume of government spending on education, which justifies the application of the above-listed
procedures and the method as a whole in assessing.
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1. Introduction

At present, special attention is paid to the issues of technology development. Despite the fact that
it is largely dependent on whether the institutional environment has matured, which used to limit the wide
use of technology for a number of reasons (from unsettled legislation in the sphere of intellectual property
protection, unfair competition, etc. to the prominent role of the shadow economy sector and authoritarian
government) and is still immature in developing countries, all countries, without exception, attribute the
economic and competitive growth to new technology introduction. This results in the emerging relevance
of assessing the field-specific technology development, which is difficult to face due to the fact that each
field employs its "in-house" technologies, their use is global, they vary in relevance, yet the integral

assessment of the technology development level as a whole is required.

2. Problem Statement

Currently, the overwhelming number of studies into the subject covers the development of
approaches and methods for assessing the technology development level in the economic domain (from
businesses, industries of the economy to the regions and the country as a whole), which can be
conditionally divided into two groups: 1) systemic, which consider the problem in a broader sense and
give general recommendations (Fedotova, 2016; Tyurina, Seliverstova, Lavrenko, Samorukov, &
Kalmykova, 2018); 2) highly specialized, limited to the proposal of a method for assessing a specific
economic area like, for example, the agricultural sector (Siptits, 2017); timber industry (Belyakov &
Pokonov, 2016); enterprise (Shtepa, 2016), etc. The above-listed papers describing both groups, as well as
most of the other studies not mentioned here, feature the lack of a clear criterion to rely on in selecting
indicators to assess the technology development level: indicator selection options proposed in the first
group of works are too abstract, in the second — specialized, the first ones lacking specificity, the second —
universality. This, by and large, makes it impossible to follow these approaches in various spheres of
activity in reliance on a unified principle, and employ them in the humanitarian domain which, without
limitation, includes education.

In turn, no widely used mathematical methods of attribute space reduction (principal component
analysis, factor analysis, center of gravity method, etc.) can be applied, either, due to the complexity of
formalizing the quality-to-technology dependence in education.

Thus, we need a method which is not linked to the specifics of a particular area and incorporates

certain unified principles of work, eliminating the deficiencies of the above approaches

3. Research Questions

Everything which is not related to art or personal skills can be attributed to technology in the
broadest sense of the word. However, an assessment of the technology development level with the widest
possible coverage makes no sense for practical reasons. Long-used technologies fail to improve the
comparability process due to their widespread adoption, with their contribution to the assessment
considered as an undescriptive "dead load". In addition, the use of an increasing number of indicators to

be considered in practical calculations with the weights (significance) allowing for their setting in
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different ways (based on the opinion of experts, taken equal or based on any logical conclusions),
enhances the likelihood of biased assessments. If we assume that assessments are equally likely to be
biased towards one or another direction, while an unbiased assessment is their average, then with an
increase in the number of indicators, the probability of obtaining an incorrect assessment increase.

If one tries to make an assessment based only on their technical component, which is often done
because the quantitative assessment of "tangible™ technologies is the simplest way to follow, such an
assessment will not be balanced due to the lack of accounting for the contribution of “intangible"
technologies: personnel management, organization of the production process (sales, training, medical
treatment, etc.), quality control (of products, services), motivation and incentives for employees, etc.,
which may be no less important in the field of activity under investigation.

From this, we can conclude that the main problem in handling this challenge is to find a set of
indicators inherent only in a limited scope of technologies that would allow determining the technology
development level as a whole. The second related problem, although less significant, is the determination
of indicators' weights (significance). The choice of an assessment method is not a problem itself due to
the wide application of the procedure for calculating the integral indicator (index) through weight

summation of the selected indicators.

4. Purpose of the Study

In this paper, an attempt is made to develop a method for assessing the technology development
level, which incorporates a criterion for indicator selection and a procedure for determining weight
coefficients as necessary components of the methodology potentially applicable to various fields of

activity, including the humanities, and education in particular.

5. Research Methods

This paper, as seen in the above reasoning, proposes a method for selecting indicators based on the
analysis of field-specific target indicators, towards which technologies work directly or at first-hand. The
term "target" is applied to them meaning that the essential assessment of the domain in question is based
on their values and dynamic pattern, and therefore, their values operate as the targets to achieve. The rest
of technologies that affect target indicators indirectly can be attributed to the potential ones, whose
accounting, no environment for their implementation available and, thus, no influence exerted on targets,
leads to an exponential error growth (normally, to overestimation) or can even be misleading. An example
would be the method of calculating the Global Innovation Index (2018) (GII) or the similar European
Innovation Index (European Innovation Scoreboard, 2018), whose purpose is to determine the innovation
level by country. When calculating the Gll, a number of indicators are considered, including the
education level of the population. Obviously, this indicator affects the growth of innovation, though not
directly, as, if we isolate a significant part from the definition of innovation, namely: "innovation is a new
product which, if introduced into production, has led to a certain positive effect," the indicator of
education would operate as a potential factor, only. And if no environment available for this potential to

be unlocked (no need for qualified personnel, inadequate remuneration, unfavorable social environment,
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etc.), taking this indicator into account leads to overestimation. And if educated people unlock their
potential in another country, which routinely happens, this error goes into the category of "misleading."

When selecting indicators meant to characterize only relevant technologies, the close relationship
between technology and innovation should be borne in mind: both technologies and innovations are
related to the "new product” and "positive effect" concepts, while innovations, in turn, arise on the basis
of new technologies introduced. This can add to the limitation criterion and narrow the list to indicators
inherent only in those technologies whose impact leads to changes in the domain under consideration.
This allows focusing on identifying current trends in the assessment.

Despite the fact that the division of technologies into those acting "directly” and “indirectly” is
rather conditional, the above approach to indicator selection allows limiting their set to the most
significant and characteristic of the development level of the technologies which are considered essential
and relevant today and directly affect the target indicators. Taking other technologies into account
because of the above arguments generally fails to lead to an improvement in the assessment or even
contains a potential risk of its worsening, which entails negative consequences difficult to identify and
mitigate.

Based on the above approach to accounting technology selection, we determine which indicators
of the general education level are the target ones.

From the review of papers on development prospects in education and the identification of main
trend recently shaped (Bespalko, 1989; Saburov, 2014; Chuprasova, 2000; Annual report of the Russian
Government on the implementation of the state policy in the field of education in 2017, 2018; Balcerzak,
2016), we can say that the modern education system is becoming increasingly focused on educational
process individualization, its integration within and outside formal education, blurring of the boundaries
between the educational process and real life. Their implementation is facilitated by the following

"architecture" (Table 1).

Table 01. Educational process architecture in the post-non-classical didactics

Components Characteristics

Information sources Unlimited (different types of academic books, access to an electronic
library and the Internet, advice from skilled teachers and experts on the
subject, etc.).

Stages of the learning Self-studying, learning educational contents based on the procedures of

process understanding, communication, design, application, analysis, synthesis,
evaluation and reflection.

Learning environment Shaped by students and teachers when working together

Period of education Unlimited (not the duration of a class, but the time required to complete
the task)

Space Unlimited (individual desk, library, computer class, home, other

educational institution, university laboratory, education company,
production facilities, etc.)

According to the papers (Pressing challenges of Modern Education: Experience and Innovation,
2017; Tondeur, van Braak, Ertmer, & Ottenbreit-Leftwich, 2017; Kruss, McGrath, Petersen, & Gastrow,

2015; Alekhina, Konobeeva, Konobeeva, Simonova, & Stepanova 2018), in the post-non-classical
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didactics (this is where the challenges of developing methods, contents, and learning belong to), the
educational process is considered as a "systematic and consistent practical implementation of the
designed educational process to be implemented in technological processes,” which in this case should
include pedagogical technologies. Thus, if we consider indicators showing the degree of educational
process individualization and its integration within and outside school as the target ones, then these
indicators are directly affected by the pedagogical technologies implemented within the framework of the
above "architecture”, that is, designed to meet the challenges of creating universally accessible
educational resources and organizing access to them.

Among the indicators that characterize the technologies that directly affect the way these problems
are solved, the following have been selected, which are normalized by the number of students (individual
indicators on the number of educational institutions) to ensure the comparability of regions.

Availability of computers (including those with access to the Internet).

The indicator is calculated as the number of computers (including those with access to the Internet)

in educational institutions normalized by the number of students according to the formula as follows:
_ Ncomp
I, = —"% (1)
Nt
where

Ncomp — number of computers in the educational institution;

Ny — total number of students.

Internet connection speed.

The indicator is calculated as the sum of the weighed shares of educational institutions in their
totality with varied Internet connection speed (as per the gradation highlighted in the statistical data
provided), according to the formula as follows:

I = 0,2 X Syp to 1 mpie + 0,4 X S1_30 Mpic T

+0,8 X S30-100 Mbit T Sover 100 Mbit: ©

where

Sup to 1 Mbit 91-30 Mbit 930-100 Mbit Sover 100 Mbit - share  of

organizations in their totality with access to the Internet at speeds up to 1 Mbit/s (1-30 Mbit/s, 30-100
Mbit/s, over 100 Mbit/s);

0.2, 0.4, 0.8 — weight coefficients differentiating the weight of organizations with the different
speed of Internet connection, chosen by experts.

Availability of training programs and electronic document management systems.

The indicator is calculated as the number of training programs and electronic document

management systems normalized by the number of organizations according to the formula as follows:

_ (Npr+Nel.d)

I; = —F——=, @
Norg

where
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N

pr - number of computer training programs on specific subjects or topics;

Nel.d —number of electronic document management systems;

Norg — number of organizations.

Implementation of training programs through electronic and distance learning.
The indicator is calculated as the number of programs of electronic and distance learning

normalized by the number of students according to the formula:

Nyel.
13 — [re pr, 4
Ngt

where

Nrel.pr — number of implemented programs of electronic and distance learning;

Nst — total number of students.

Coverage of students by on-line, electronic, and distance learning.
The indicator is calculated as the weighed sum of the share of students mastering on-line,

electronic and distance learning programs in their totality according to the formula:
where
Dnetv (Del ) Ddist) — share of students mastering on-line training programs (the share of

students mastering e-learning programs, the share of students employing distance learning technologies)
in the totality of students.

The weight coefficients have been chosen considering the greater importance of on-line forms of
learning against other forms: 1 — on-line training, 0.5 — other forms of training, as selected by experts.

Number of students in classes with enhanced coverage of individual subjects.

The indicator is calculated as the number of students in classes enhanced coverage of individual

subjects, normalized by the total number of students, according to the formula:

Ng
Ngt

where

Ndeep —number of students in classes with enhanced coverage of individual subjects;

Nst — total number of students.

To reduce the data to a single scale of values ranged 0 to 100, all the indicators are normalized by

their maximum value according to the formula:

1 ik
Inorm_j,k = I]— * 100, (7)

max _j
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where

I ik~ current value of the j-th indicator of the k-th constituent entity of the Russian Federation;

Imax - maximum value of the j-th indicator among all constituent entities of the Russian

Federation,
where 100 corresponds to the best result, the remaining values reflecting the degree of discrepancy
(lag) against the best result in percentage terms.
The method of weighted summation of normalized indicators according to the below formula has
been chosen to calculate the integral index:
) Kj*lnorm;k
ling 1 = TR ®)

where

Inormj,k — current value of the j-th indicator of the k-th constituent entity of the Russian

Federation, substituted from formula (7);
Kj— weight coefficient for the j-th indicator;

N — number of indicators.

The values of weight coefficients, given the non-obvious priority of some indicators over others,
have been set as being of equal significance. Since the normalized values of different indicators have been
grouped around different values of averages, which for the vast majority of Russia's constituent entities
(hereinafter, the constituent entities of the Russian Federation or regions) will be expressed in their
unequal accounting, the alignment procedure has been applied, in which the weights are set so that the
average values of the products of the initial values and weight coefficients of each indicator are equal to
the average calculated from the initial values of all indicators.

In accordance with this rule, weight coefficients have been calculated using the following formula:

Av
Kj = —, ©
Inorm_av_j
where
Z Inorm_av_ j
Av = ;
N

Inorm_av_ j—average value of the j-th indicator;

N — number of indicators.

The technology development level of the general education sector of the general education domain
have been assessed by the above algorithm, which incorporates procedures for selecting indicators based
on how significant they are in terms of affecting the domain's targets and on their normalization by the

maximum value, along with accounting in the integral index with equal weights (significance).
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6. Findings

The results of assessing the technology development level by the constituent entities of the

Russian Federation are given in Table 2 in the order of the decreasing integral indicator (index). The right

part shows the normalized values of the region-based rating by the level of social and economic

development, based on the research conducted by the Russia Today Media Group (The level of

socioeconomic development, 2018), and the rating of Russia's spending on general education per student

adjusted for the difference in the cost of their education depending on the region under study, which was

determined by the difference in the values of the average employment income received therein.

Table 02. Relative values of ratings of the Russian constituent entities, based on the technology
development values in the general education segment of the education domain, the
socioeconomic development level, and the expenditures of Russia's consolidated budget for

general education

Constituent entities of the Russian Federation TDindex”? | SEDindex” | CB index”
Moscow 100.0 100.0 32.8
Leningrad Region 95.1 74.5 51.9
Republic of Sakha 93.1 66.2 75.1
Novgorod Region 92.2 44.5 52.9
Yamalo-Nenets Autonomous District 92.0 84.9 53.3
Moscow Region 87.4 83.9 34.6
Tomsk Region 83.9 54.6 54.6
Voronezh Region 83.1 70.1 48.1
Udmurt Republic 80.2 59.5 52.4
Kaliningrad Region 78.2 54.8 39.0
Yaroslavl Region 78.0 53.7 49.0
Sverdlovsk Region 75.8 75.1 45.3
Republic of Tatarstan 75.4 86.0 60.2
Tyumen Region 75.1 76.0 26.0
Republic of Bashkortostan 74.8 73.5 42.3
Orenburg Region 74.3 59.8 47.3
Perm Territory 69.4 70.5 43.6
Khanty-Mansi Autonomous District - Yugra 68.3 86.2 50.8
Khabarovsk Territory 68.3 58.5 51.1
Saint-Petersburg 67.2 90.7 44.6
Republic of Karelia 66.1 34.6 45.6
Kemerovo Region 65.3 62.7 37.5
Irkutsk Region 62.2 61.7 47.3
Tula Region 60.8 60.0 57.0
Samara Region 60.3 73.1 38.8
Chelyabinsk Region 59.5 65.6 39.2
Murmansk Region 59.5 58.7 39.4
Kamchatka Territory 58.8 49.7 65.7
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Constituent entities of the Russian Federation TD index” | SED index” | CB index”
Tambov Region 58.8 50.0 70.0
Novosibirsk Region 58.1 62.0 48.6
Nenets Autonomous District 57.9 51.5 100.0
Republic of Mordovia 56.9 37.8 71.4
Republic of Khakasia 55.6 35.2 50.8
Kirov Region 55.4 50.6 50.6
Chukotka Autonomous District 54.8 34.8 93.0
Komi Republic 54.1 62.2 51.0
Sevastopol 52.8 38.2 44.0
Belgorod Region 52.8 70.9 67.7
Saratov Region 52.2 58.4 51.6
Ivanovo Region 51.5 36.7 43.2
Kursk Region 49.6 60.4 68.1
Volgograd Region 47.1 59.7 43.4
Kabardino-Balkarian Republic 46.7 23.6 45.3
Vologda Region 46.4 62.1 37.2
Republic of North Ossetia-Alania 46.3 25.0 46.5
Republic of Dagestan 45.7 52.4 59.4
Altai Territory 45.1 51.0 48.6
Kaluga Region 44.9 63.2 39.5
Mari El Republic 44.7 39.6 47.7
Vladimir Region 43.9 55.0 46.6
Smolensk Region 43.3 43.5 55.2
Nizhny Novgorod Region 42.8 68.7 46.7
Ryazan Region 42.7 59.9 56.6
Oryol Region 42.7 36.6 70.4
Chuvash Republic - Chuvashia 42.6 48.4 46.9
Zabaikalye Territory 41.7 38.6 46.8
Tver Region 41.5 52.3 51.5
Lipetsk Region 40.8 68.6 56.7
Krasnoyarsk Territory 40.6 70.5 54.4
Amur Region 40.6 51.1 40.5
Primorsk Territory 40.3 62.1 34.9
Kurgan Region 40.0 33.6 52.5
Kostroma Region 39.8 30.8 47.4
Astrakhan Region 39.4 48.0 35.7
Omsk Region 39.2 57.0 42.3
Stavropol Territory 37.8 55.6 45.9
Ulyanovsk Region 37.0 51.6 57.4
Arkhangelsk Region 36.7 55.6 46.9
Rostov Region 36.5 67.0 48.0
Republic of Crimea 36.4 55.9 52.6
Bryansk Region 36.3 49.3 50.1
Pskov Region 36.0 32.9 49.9
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Constituent entities of the Russian Federation TD index” | SED index” | CB index”
Magadan Region 35.9 42.4 53.4
Krasnodar Territory 34.8 74.3 36.4
Sakhalin Region 34.3 69.8 47.8
Penza Region 31.2 49.3 45.5
Republic of Ingushetia 30.7 19.8 78.7
Republic of Kalmykia 30.4 24.0 71.5
Republic of Adygeya 29.6 31.7 53.0
Tyva Republic 27.7 18.7 51.9
Altai Republic 27.5 23.1 77.4
Karachay-Cherkess Republic 26.8 29.1 69.6
Jewish Autonomous Region 21.8 17.6 46.3
Republic of Buryatia 21.2 35.9 39.8
Chechen Republic 20.3 40.0 54.7

Note: *) — TD index stands for the technology development index of the general education sector of the
education domain, SED index stands for the social and economic development index, CB index stands for
the index of the expenditures of Russia's consolidated budget for general education.

According to the Table, the technology development levels of the domain under study differ

significantly by the constituent entities of the Russian Federation: in the Chechen Republic, which is at

the bottom, it is five times lower than in the city of Moscow. The partitioning analysis of indicators shows

that the region-based differentiation is mainly determined by the difference in the indicators

"Implementation of training programs through electronic and distance learning” and "Coverage of

students by on-line, electronic, and distance learning"” (Indicators 4, 5) with relatively equal values of

other indicators. Figure 01 shows the differences in the values of indicators by the regions, divided into

four classes for convenience (Class 1 includes constituent entities with high ratings of technology

development, Class 4 — with low one). The diagram is based on the average values for each class.

—eo—(Class 1

Class 2

0= Class 3

@+ (Class 4

Figure O1. Average values of indicators by the constituent entities of the Russian Federation,
divided into four classes by the value of the integral indicator
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Figure 02 complements the picture where the vertical axis shows the average values calculated by
the indicators of distance learning technology implementation (the average value for Indicators 4 and 5),
while the horizontal one — the indicators of their tangible support: availability of computers and the

Internet connection speed (the average value).

120,00
= 100,00 X X X
g x XK
(=
S 80,00 X X
2 + X
3 XK
> + X
£ 60,00 # X
c X
5 +
Z + + %
T, N 4
= 40,00 be
++ A
ko @
S 20,00 . ® . )(

Q o
0,00 e
0,00 20,00 40,00 60,00 80,00 100,00
Availability of computers to students and the quality of Internet access
X (Class1 + Class 2 Class 3 ® (Class 4

Figure 02. Dependence of distance learning development on the availability of computers to

students and the quality of Internet access

The Figure clearly shows that the growth of distance learning technologies is not determined by
the number of computers or the speed of Internet connection, and we can say that a higher level of
technology development is by and large achieved where the availability of tangible resources is supported
by efforts focused on their effective use. In this case, the focused efforts may involve various activities
from the development of solutions relied upon the awareness of how significant these training forms are
to their implementation into life.

It is logical to assume that both tangible resources and the efficiency of organizational work are
related to the level of socioeconomic development of the region and the volume of government spending

on education. Figures 03 and 04 show graphs with the values of corresponding indices.
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® level of technology development in general education
B level of socloeconomic development

A The differance betwaen technology develspmeant index and indax of social and econamic develepmeant

Figure 03. Relationship between the level of technology development in general education and the
level of socioeconomic development

In Figure 03, the constituent entities of the Russian Federation are distributed in the order of
descending values of the technology development index, and the region-based values of the
socioeconomic development level are also distributed according to the falling trend, which indicates that
the average level of technology development in the field of general education is correlated with the level
of socioeconomic development. The graph also shows the difference between these indicators (the value
of the technology development index less that of the index of social and economic development). It is
obvious that, ideally, they would have to be in the region of zero values, which would express a direct
link between the level of technology development and that of socioeconomic development, but it is clear
that the difference also decreases with a decrease in the value of the technology development index,
gradually shifting towards the negative range of values. This suggests that the level of technology
development (in general education) in the regions from the bottom of the rating scale is lower than the
level that should correspond to their level of socioeconomic development. A typical example is the
Krasnodar Region and the Sakhalin Region, where the index of the technology development level is 34.8
and 34.3, respectively, while the index of their socioeconomic development is 74.3 and 69.8, respectively
(both are measured using the scale ranged 0 to 100). It is most likely that these regions do not introduce
modern technologies in this domain at the level that should correspond to their level of socioeconomic
development. Yet, even if such anomalies have another reason, it is in any case detected and serves as the
basis for further analysis.

In Figure 04, the constituent entities of the Russian Federation are also distributed in the order of
descending values of the technology development index, and the data on the values describing the index
of education financing from the consolidated budgets of Russia's constituent entities (the general

education level).
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According to the uniform distribution of the education financing index, it can be said that, on
average, the level of technology development in the field of education does not have a clear direct
dependence on funding. This, as noted earlier, reflects the fact that the regions do not differ significantly
in terms of tangible security and their differentiation is mainly due to differences in the level of
introduction of distance learning technologies, which does not require much funding. The values of
differences in these indicators, which, as well as in the graph in Figure 03, decrease and enter the negative
range of the regions with a lower value of the technology development index, suggest that these regions
allocate more funds for their development vs. the regions where this level is high. Assessing the situation
from the country-wide perspective, we can talk about the trend towards equalization of the regions in
terms of this index. This can be seen more clearly in Figure 05, where the constituent entities of the
Russian Federation are also distributed in the order of descending values of the technology development
index, however, it shows the difference between the socioeconomic development index and the education
financing index (the value of the socioeconomic development index less that of the education financing
index). It is clearly seen that the regions with a low level of socioeconomic development invest more in
education (the Republic of Ingushetia, Republic of Adygeya, Altai Republic) vs. the regions with a high

level of socioeconomic development (Moscow, Moscow Region, St. Petersburg).
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Figure 04. Relationship between the level of technology development in general education and the
level of general education financing
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The Krasnodar Region and the Sakhalin Region, are out of the picture again, which have already
been noted earlier as having a lower level of technology development in the education field vs. the level
of their social and economic development. That is, these regions in both cases deviate from the patterns
generally accepted: their level of technological development does not correspond to the level of
socioeconomic development, but in contrast to their neighbors on the rating scale of the technology

development level, they invest less in the field of education.

7. Conclusion

The algorithm developed to assess the level of technology development, which includes the
method of selecting indicators characteristic of a limited number of significant technologies for the field
under consideration, and the method of their integration in the calculation of the generalized index, allow
making assessments in any field of activity, based on a single approach. Despite the complexity of result
interpretation, which is indicative of the technology development assessment in education in terms of
their objectivity due to the novelty of the problem and the lack of results previously obtained employing
another techniques, the assessment results are satisfactory from the perspective of their correlation with
socioeconomic development and the level of financing in education, which justifies the application of the
above procedures and the method as a whole in the assessment. Deviations of individual regions assessed
from the general patterns are not indicative of any assessment errors, but rather reflect the effect of hidden
factors identified through contradictions, which can be attributed to the additional benefit of employing
the method.
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