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Abstract. The results of a study on the schools' digital transformation process
evaluation in the Russian context through the prism of experts’ opinions are
presented. A smart school is considered a result of the school's digital
transformation process. While we use classical quantitative methods for
evaluation of the process of transformational changes, these methods fail to
capture implicit characteristics of it. The research uses data from expert
evaluation collected in the monitoring of the digital transformation of Russian
general educational organizations in 2021 linked to ICT (information and
communication technology) coordinators' survey indicators of the same schools.
We display insignificant correlations between expert evaluation scale scores and
indicators of the digital environment. The study shows that the idea of a smart
education being a result of a school's digital transformation has not yet received
wide recognition among educators. In order to promote the idea of smart
education widely, it is necessary to present educators with real examples of a
successful transition from a traditional school to a smart school.
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1 Introduction

The penetration of ICT into the field of general education, which has been going on
for almost half a century, has gone through several stages. The attention of teachers
was consistently focused on equipping schools with digital technologies, on their
development by teachers, and on their implementation in the educational process.
In the last decade, the attention of educators has been drawn to the transformation
of the school's operation. This is a new stage of a school's digital renewal, which is
called the digital transformation of education or the transition from a traditional
school to a smart school [1, 2]. The mentioned stages can be considered as different
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stages of the global process of school's digital renewal, which affects all aspects of
school work, or as the smart education formation [3].
The authors proceed from the idea that the main result of the digital

transformation of education is the transition to a new school model (smart school),
which ensures the comprehensive personal development of EVERY student, where
each student achieves all the required (established by the standard) personal,
subject and meta-subject educational results [4]. The transition from a traditional
school to a smart school (digital transformation of education) is a restructuring of
schoolwork using new pedagogical technologies that are supported by developing
digital technologies. Digital renewal in schools is uneven. Schools change at
different rates and may be at different stages of the process. An integrated
assessment of the progress of individual schools along the path of digital renewal
can be considered the key indicator of the actual development of smart education at
the regional or country level. As schools’ ICT saturation accelerates and new
education methodologies are being developed, the proper measurement of the
digital transformation in social life at the system level becomes more and more
complicated [5- 7]. Therefore, the question of methods for assessing this indicator
is always relevant.
There are two types of indicators to discuss traditional indicators that rely on

classical sociological methods and sociological quantification and computational
indicators. The last ones rely on intellectual data analysis methods (data mining,
visual mining), where data is gained from an integrated digital learning
environment. There is just a small number of research where the validity of such
indicators and empirical measurements are discussed and the problem of such
indicators’ validity in smart education remains open. As a result, classical
sociological methods dominate in the context of smart education measurement. We
would like to highlight two approaches.
1. Internal evaluation relies on traditional social science quantification methods.

A school and school community may be assessed in terms of the maturity stages of
ICT use [7], or they get a descriptive "portrait" for further study and internal
debates [8]. Depending on the purpose, several groups of respondents may be
surveyed. Data are obtained by analyzing answers to questions to generate
information on ICT use for decision-makers and school administration and
educators.
2. External evaluation based on qualitative methods. This approach has limited

applicability for large-scale school evaluation [9]. It refers to on-site school visits
that include interviews, digital infrastructure audits, and classroom observations.
Evaluators might use different checklists to analyze some aspects of ICT use. This
method facilitates the acquisition of tacit expert knowledge. Overall judgments and
conclusions reveal trends in maturity growth in schools. When combined with
quantitative survey data and non-reactive digital data, external evaluation may give
a solid foundation for an overall assessment of a school's transition to smart
education.
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The advantage of expert evaluation is the involvement of tacit expert knowledge
in teaching and learning in the smart school environment. Experts use structured
tools to evaluate how far the school has progressed along the path of its
transformation into a smart school. Because of the variety of techniques to assess of
transition to the smart school and the complexity of the process, there is a need for
the juxtaposition of diverse approaches and scales. Our research combines
assessments of schools conducted by field experts with survey-based evaluation of
the smart educational environment in the same schools. We correlate integral
evaluation given by experts to indicators of ICT infrastructure [8].
We explore whether, and to what extent, it is possible to recognize

transformation steps to smart schools through expert evaluation. We expect it will
provide a better understanding of the school's digital transformation measurement
for its use in practice.

2 Smart school as a result of digital transformation

Today, experts consider the digital transformation of education as a new stage in
the process of digital school renewal, which has been going on for more than a
dozen years (computerization, early informatization, mature informatization, digital
transformation) [1]. The digital renewal of education is an increasing process of
changes that began three decades ago in the organization and methods of
implementing the educational process, in all aspects of school work in an evolving
digital environment. The stage of computerization is characterized by its focus on
the digital infrastructure equipement for students’ computer literacy formation. The
stage of early informatization is distinguished with the start of ICT use for various
subjects. The stage of mature informatization is identified by the wide use of ICT in
innovative teaching and learning that is activated with individual learning plans for
students. The stage of digital transformation is distinguished by the transition to a
smart school where personalized mastery-based learning is delivered to each
student.
The goal of digital transformation is a system update:
- the nature of the interaction of the school with the local community (with

parents, business representatives, officials, politicians);
- goals and content of training;
- tools, methods, and organizational forms of educational work.
It takes place in an evolving digital environment and is made possible through

the use of digital teaching and learning materials, digital tools and services.
Today, experts consider the digital transformation of education as a new stage in

the school's digital renewal process, which has been going on for more than a
dozen years. Digital renewal is an increasing process of changes in the organization
and methodology of the teaching/learning process as well as in all aspects of school
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operations. It takes place in an evolving digital environment and is made possible
using digital teaching and learning materials, digital tools, and services.
Experts believe that a smart school (SS) is a school that has over a renewal

process during its digital transformation. SS functions in a smart educational
environment (SEE), implements a personalized mastery-based educational process
and, uses the potential of SEE, for the evidence-based development of each student,
formation of all the required personal, meta-subject, and subject competencies
necessary for the full development and life in the digital economy.
A smart school functions within the framework of a smart educational system

(municipal, regional and national), that exists in a smart educational environment
(SEE). Smart educational system (SES) systematically guides and supports the
functioning of educational organizations, their development, and transformation
into SS. SES includes, among other things, educational authorities and legislative
bodies directing their work, inspections, and methodological services; institutions
for the development of education and training of future teachers; partners, and SEE
support and development services.
Smart Educational Environment (SEE) is an evolving ecosystem that includes

multi-platform services and digital devices, digital educational and methodological
materials, tools and services (virtual component), educational spaces, equipment,
materials, tools, and services (physical component) as well as social environment
(inside and outside the school). SEE is designed to support the processes of
teaching and learning, as well as the successful functioning of schools and the
educational system, their digital transformation, and further development.
The authors use the definition of smart education as proposed in the project

“Rethinking and Redesigning National Smart Education Strategy”, which aims to
reshape the educational ecosystems and policies on ICT. «A smart education is an
educational process the smart schools provide inside the smart educational systems
at the regional/country level using the smart educational environment».

Fig. 1. Digital transformation of education

All modern educational systems include schools that are at different stages of their
pass toward a smart school. The composition of schools in the educational system
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at the different renewal levels defines the state of smart education at the level of
educational system. A smart school is a place where smart education works.
Among the dimensions of a smart school is a smart learning environment that
contains sophisticated ICT infrastructure, platforms, tools, and other technologies
that support teaching and learning (smart education process).
The internal evaluation uses the traditional set of indicators of the smart learning

environment development. They include high-speed Internet connection and Wi-Fi
that are used for flexible teaching and learning. Conditions for learning in smart
schools are shaped by PCs available for the educational process; mobile PCs
available and classrooms (rooms) equipped with stationary interactive whiteboards
or multimedia projectors, and so on. The indicator of up-date or purchase of
computers defines the expansion of ICT infrastructure in the last three years.

3 Data analysis

In order to see the association between field expert’s assessment of the school's
digital renewal maturity and schools’ ICT infrastructure, we use two main data
sources:
Data gained from field expert visits in the 2021/22 academic year. Field experts

are experienced educators with a rich and practical background in school education.
Experts gave a comprehensive onsite schools examination including a set of
interviews with school staff, a range of visual examinations of schools’ onsite
environment, and lesson visits. As a result, experts prepared an overall assessment
of maturity for the schools’ digital renewal according to the 1-10 scale (Fig 2). The
assignment between ordered qualitative scale and numerical assessment has been
introduced to the field experts during the workshop given prior to field visits,
where the idea of stages of digital renewal was introduced.

Fig. 2. The Scale for development of school’s digital renewal process

Indicators for schools’ digital environment development are built upon answers
from surveys for schools’ ICT coordinators. For the purpose of our analysis, we
used the set of indicators shown in table 1. The initial set of indicators was formed
according to the framework of monitoring the digital transformation of Russian
general educational organizations. We selected 8 indicators of digital infrastructure
that mainly provide possibilities for personalized learning models. Their validity
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for smart education progress measurement is based on an analytical review of smart
education concepts and is confirmed by expert evaluation during the development
of monitoring tools.

Table 1. Indicators of infrastructure of smart education

Indicator
label

Description Data source

IN1 School internet connection speed Surveys of schools’ ICT
coordinators

IN2 Wi-Fi connection speed at school Surveys of schools’ ICT
coordinators and school leaders

IN3 Percentage of students who can work
simultaneously while connected to
school Wi-Fi

Surveys of schools’ ICT
coordinators

IN4 Percentage of PCs used for educational
purposes at school connected to the
Internet

Surveys of schools’ ICT
coordinators

IN5 Number of mobile PCs (laptops and
notebooks) used for educational
purposes per 100 students

Surveys of schools’ ICT
coordinators

IN6

Share of classrooms (rooms) equipped
with stationary interactive whiteboards
or multimedia projectors

Surveys of schools’ ICT
coordinators

IN7

PCs used for educational purposes
which have access to the Internet, per
100 students

Surveys of schools’ ICT
coordinators

IN8

Percentage of computers used for
educational purposes updated or
purchased in the last 3 years

Surveys of schools’ ICT
coordinators

The total number of schools with complete data obtained from both the survey-
based indicators and from field expert assessment constituted the total sample of
147 observations for comparison (fig. 3).

Fig. 3. Samples for survey-based evaluation, field expert assessment and sample for the
study
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4 Results: expert assessment of schools’ digital renewal

maturity

The distribution of schools assessed across the digital renewal maturity scale has a
tendency to group around early informatization stage (35,37%) and mature
informatization (45,58%). A small proportion of schools are situated at
computerization stage (10,88%) or at digital transformation stage (8,16%). It means
that according to assessment given by field experts, 91,84% of schools need
additional resources and efforts to elaborate their work toward smart school. Just
8,16% schools are positioned as schools that are in the process of digital
transformation (are going to become smart schools). The fact that the number of
potentially smart schools according to expert assessment is relatively small
correlates well with early level of smart education diffusion in Russian Federation.
It may be explained by lack of well-established examples of smart schools’
operation in Russia.

Table 2. Distribution of schools according to their level of digital renewal maturity

Level of maturity Number of
schools % Cumulative %

1 (Computerization) 16 10,88% 10,88%

2 (Early informatization) 52 35,37% 46,26%

3 (Mature informatization) 67 45,58% 91,84%

4 (Digital transformation) 12 8,16% 100,00%

A series of Pearson’s corellation tests were conducted to probe whether there was
some association between assessments given by experts and data on the ICT
infrastructure of schools on the digital transformation stage (table 3).

Table 3. Correlation analysis between expert assessment and school’ ICT infrastructure data

Indicator
label

Overall assessment of schools’
digital renewal maturity according to
the scale (1-10)

Overall level of schools’ digital
renewal maturity according to the
scale (1-4)

IN1 0,012 -0,040
IN2 -0,007 -0,028
IN3 -0,023 0,013
IN4 -0,063 -0,065
IN5 0,047 0,005
IN6 0,130 0,108
IN7 0,050 0,022
IN8 -0,017 0,003

Both assessments examined – by a 10 point scale given by experts and by a digital
renewal maturity 4-point qualitative scale – showed negligible correlation with
indicators of the ICT infrastructure of schools. It means a very weak association
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between the stage of digital renewal and the development of school's ICT
infrastructure which shape the smart learning environment.
Comparing the results of correlation analysis with average indicators values

distributed by schools' digital renewal maturity levels, we can see that there is no
consistent pattern for ICT infrastructure to be more saturated even at stages of
mature informatization and digital transformation (table 4).

Table 4. Average indicators values distributed by digital maturity levels

Overall level of schools’ digital renewal maturity
according to the scale (1-4)

Values 1 2 3 4

Avg. of IN1 80,00 75,38 79,40 70,00

Avg. of IN2 65,00 55,00 59,10 55,00

Avg. of IN3 14,74 11,29 15,06 11,41

Avg. of IN4 93,53 77,36 81,24 79,72

Avg. of IN5 8,54 9,61 9,66 8,41

Avg. of IN6 73,66 70,84 74,51 87,69

Avg. of IN7 11,98 11,12 12,97 10,69

Avg. of IN8 61,47 52,62 56,07 59,12

5 Discussion: education expert knowledge as a basis to assess

transition to smart school

The presented exploratory study combines schools' digital renewal maturity
assessments done by experts with data on schools' digital environment
development in a comparable large sample surveyed. We rely not only on
structured assessments that experts gave but also on the tacit knowledge that they
have. This approach uses statistical methods that handle the association between
expert assessments and solid characteristics of a school's ICT infrastructure.
Examining the correlation between expert's assessment and results of a

traditional evaluation of schools’ digital environment development has shown
insignificant correlations between expert evaluation scores and the level of the
digital education environment development.
Bearing in mind the outlook of using computational indicators along with

classical ones for further measurement of smart education, the issues of validation
and mutual validation, including the use of traditional school survey methods, are
of great importance for managing the transition to smart schools on the country
level.
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The fact that, according to expert assessment the number of potentially smart
schools is relatively low correlates well with the definitely early level of smart
education diffusion in the Russian Federation. It may be explained by the lack of
well-established smart school examples in practice.
It can be assumed, that while assessing the overall situation at school experts

may have overlooked that the process of transition to the smart school is
fragmented even at the education organization level. It means that insufficient ICT
infrastructure is distributed between subdivisions of the school according
to students' and teachers’ readiness to work in the smart learning environment.
This is one of the explanations for the insignificant correlations of digital renewal
maturity with indicators of ICT infrastructure. There might be internal priorities at
schools requiring the use of infrastructure in conditions of limited ICT resources.
In terms of personal and mobile computers, the 1:1 model (an inseparable part of
the smart school) remains a pipe dream for most schools, and limited Internet and
Wi-Fi connections complicate the transition toward smart education at the country
level. The case overview of sample schools of the monitoring at each stage
showed that schools with 1:1 model potential are equally rare both among schools
situated at computerization level and among schools assessed at digital
transformation level.
Another explanation for the negligible correlation is that experts tend to assess the
educational process in a digital environment by having an idea of the school that
uses the rich digital environment effectively. It means that they pay more attention
to the use of digital environment and innovative teaching practices as well as to
organizational changes rather than to visible, up-to-date digital infrastructure.
Although digital infrastructure development remains a visible and verifiable

part of the transition toward digital transformation, the lack of a detailed shared
vision of smart schools accompanied by practical examples hinders the sustainable
and successful turning of the educational system into smart educational system.
A potential explanation may also lay in the shortage of shared vision of smart

school concepts in a school community: ICT coordinators, school leaders, teachers,
students, and parents. Weak ICT infrastructure is not the only reason that impedes
schools from passing into smart schools. The well-established traditional model of
teaching and learning can be an additional barrier to necessary changes. To
overcome all these barriers, top-down efforts for smart school model development
and dissemination are needed. Sharing successful examples of transition from
traditional schools to smart schools can help to overcome these barriers too.
The main conclusion is that multi-dimensional analysis of the change process

may help in the exploration of the complex phenomena of transformation to smart
education. There is a need for mutual clarification and validation of research
instruments, especially from the perspective of traditional and computational
indicators.
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