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DIGITALIZATION APPROACH IN EDUCATION BASED ON APPLYING
THE NETWORK READINESS INDEX AS THE UNIVERSAL METRIC

Purpose. To achieve an integrated approach to assess the readiness of a higher educational institution for digital transformation
in the form of a multi-criteria analysis of the university activities and development.

Methodology. The approach of educational institutions rating assessment, based on a hierarchical criterion, called the Index of
Information and Communication Technologies Development (hereinafter ICT Index) is proposed in the work. The approach is
considered to be an analogy of the Networked Readiness Index developed by the Information Technology Group at Harvard Uni-
versity’s Center.

Findings. It is proposed to follow the approach of the ICT Index calculating as a universal metric for the digital transformation
level assessment of educational institutions based on the Networked Readiness Index, namely to adopt abstract categories of top-
level criteria and to average the values of hierarchical nesting.

Originality. The approach originality consists in the weight coefficients input at any level of the hierarchy. In addition, the ap-
proach provides a flexible choice of the Index resulting scale for the most understandable interpretation of the results, as well as the
universal mathematical apparatus development for Index calculating. The proposed mathematical apparatus can be easily modi-
fied for any specificity of an educational institution and its criteria.

Practical value. The use of the ICT Index for all educational institutions in Kazakhstan will solve the problems of automating
processes to ensure training and expanding the technological capabilities of educational institutions for modifying the forms of
education at the state level by bringing the assessment indicators of all objects to a single scale.
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Introduction. The digital transformation of the education
field in Kazakhstan started in the 90s. It was expressed in vari-
ous forms and approaches from the origin till implementation.
The problem of digitalization in the education sector nowa-
days consists of two key aspects:

1) automation of the education provision processes;

2) expanding the technological capabilities of educational
institutions to modify the forms of education.

The first significant steps in the digital transformation pro-
cess were implemented due to international cooperation,
which later also acquired a modernized form, familiar to ev-
eryone as an online format for information exchanging. The
experience gained by domestic specialists was used to expand
the technological capabilities of educational institutions. At
the same time, the development of new technologies, as well
as their introduction at local levels, did not improve the qual-
ity of education at the state level.

One of the most effective modern practices on the path of
education digital transformation is considered to be in the
form of interaction with world organizations that provide not
only opportunities for international communication, but also
resource bases for the further use. A striking example is the
large-scale Eurasian project “Modernization of higher educa-
tion in Central Asia with the use of new technologies”
(HiEdTec) of the Erasmus + program, founded in 2018. The
Innovative Eurasian University, the L.N. Gumilyov Eurasian
National University and Almaty Technological University
were program participants from Kazakhstan.

The issues discovered during processes automation for the
education provision are considered to be complex enough at
the moment. To solve them, it is necessary to apply a system-
atic approach not only at the level of the educational institu-
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tion, but also at the state one. The interaction of these two in-
stitutions has a bureaucratic form, which results in a long inef-
fective process, since the digitalization of the state administra-
tive mechanisms has not yet been completed. The current sta-
tus of this process is reflected in the state program “Digital
Kazakhstan”, approved in December 2017. Its term will have
been expired by 2022. Following the logic of this program,
digitalization is intended to become an infrastructural and
technological basis for optimizing both the operating of the
government and the hierarchically lower state structures. The
optimization result is expected to influence the information
and communication technologies (hereinafter ICT), which is
determined every year by the World Economic Forum togeth-
er with the International Business School INSEAD in the
form of a rating through the so-called Index of Countries
Readiness for a Networked Society.

The Index is calculated basing on sub-indices in the four
areas: technology, people, governance and influence. Each of
the categories has its own criteria sub-indices, normalizing the
scales of the nested levels from the lowest to the highest ones.
In this article, the described approach is proposed to be trans-
ferred to assess the Index of Readiness of Educational Institu-
tions for Network Integration. Applying of the Index for all
educational institutions of Kazakhstan is assumed to solve the
problems of automating processes of education provision and
expanding the technological capabilities of educational insti-
tutions. It is considered to be achievable due to identification
of strengths and weaknesses among areas, improvement of one
universal assessment that leads to comparison possibility.

Literature review. The attempt to apply the approach based
on the network readiness index (NRI) for the purpose of edu-
cational institutions ranking is discussed in detail in [1]. Ac-
cording to the authors’ opinion, the uniformity of the weights
of all criteria and sub-criteria in the final rating is considered
to be the key disadvantage of this approach. In the study, the
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authors demonstrate that the individual indicators, included
into the sub-criteria, are related and influence each other.
Thus, the weight introduction for the highest level criteria is
proposed. Particularly, increasing the weight of the indicators,
related to the business readiness of the educational institution,
are assumed to be more vital than increasing those ones, which
are influenced by government performance. The reason for
this suggestion is explained by the issue of enough opportuni-
ties lack in terms of educational institution for its digitalization
attempts, although working conditions and requirements set
by the government have a significant impact on the NRI rank.

Another example of the application of a state object multi-
criteria hierarchical assessment is described in [2]. In contrast
to [1], the authors focus on company’s reputation, instead of
digital readiness, as an analyzed characteristic, emphasizing
that reputation is one of the most important values of any
company, especially in the era of society digitalization. Ac-
cordingly, approach was called as the Digital Reputation In-
dex. It takes into account the degree of positive or negative
reviews of a company on social media, third-party websites,
blogs, and wikis. The work also implemented diagnostics of
the proposed Index in order to assess its degree of reliability.

The state development and prospects stages of Kazakhstan
digital transformation are documented in [3], where five key
directions are identified: digitization of the economy branch-
es, transition to the digital state, implementation of the digital
Silk Way, evolution of the human capital assets, innovative
ecosystem formation [4, 5]. The educational sector is implic-
itly included in the program, and its problems are partially re-
flected on the human capital assets direction, namely, on in-
creasing the population digital literacy. However, the afore-
mentioned problematic aspects of education and science man-
aging process automation, as well as expanding the techno-
logical capabilities of educational institutions are not focused
onin the “Digital Kazakhstan”. As a result, there are no devel-
oped state methods for the assessment of the educational insti-
tutions readiness for network integration.

The Covid-19 epidemic as a driving force in the transition
to digital education is discussed in a study [6], where the au-
thors assess the impact on the readiness to digitalize the edu-
cational processes in Norway and Kazakhstan. The main pur-
pose of the study is to examine the impact on distance learning
satisfaction of students from different countries with different
levels of personal safety, health and amenities. The results of
the study represent the interest in terms of assessing the readi-
ness of different countries for full digitalization of educational
services.

Obviously, the educational process in such an unstable
background should have been regulated by the integrated
worldwide organization. This is confirmed by the extraordi-
nary session on October 22, 2020 of the Global Meeting on
Education, organized by UNESCO in cooperation with the
governments of Ghana, Norway and the United Kingdom,
whose declaration is displayed in the source [7]. Attention is
focused on the fact that obtaining a quality education is one of
the human rights, and the needs of students must be met even
in such difficult conditions of state economies. Consequently,
several organizational and financial decisions were made re-
garding many UN educational programs, in particular the
Education 2030 project [8].

However, the time, devoted to decision making in the con-
text of education process modifying with the aim of students’
interest protection, was too limited in order to assess the level
of education service providing and students readiness status.
Despite of information lacking at that period and complexity
of students’ readiness status metrics generation, nowadays
some themed research studies, [9 and 10] in particular, have
already been published. The focus of [9] is devoted to assessing
the impact of students’ readiness status to use ICT and other
network resources on their creative abilities, including in the
processes of non-formal learning. The inclusive component of

the education informatization process is emphasized due to
the teachers and students involved into the learning process in
the form of a dialogue. The latter is considered to be more ef-
fective than the traditional approach from lectures and semi-
nars. Research findings suggest that university teachers should
be encouraged to undertake more complex activities, especial-
ly activities based on the interaction with peers, collaborative
learning and the use of ICTs to plan and organize their own
learning processes. The authors of the study [10] outline such
an important aspect as students’ perception of the ICT intro-
duction in higher education.

The relevance of the educational and scientific digital
transformation activities was determined by the traditionally
not making progress in time development of the business sec-
tor since industrialization, which led to the adoption of the
management and control processes approaches [11, 12]. An
example of the adoption phenomenon is represented in the
publication [13], which describes an integrated approach to as-
sess the readiness of a higher educational institution for digital
transformation in the form of a multi-criteria analysis of the
university activities and development in four directions: the
maturity of the organization’s architecture; maturity of the
management process approach; available human resources
and competence of employees; correspondence of the used fi-
nancing instruments to the needs and tasks of digital transfor-
mation.

A number of scientific works are devoted to certain aspects
of assessing the readiness of the educational process for digital
transformation. In particular, the problem of global ICTs and
their application in sustainable education is explored in [14]. It
is emphasized that along with modern wireless technologies,
provision of educational institutions and workplaces with tra-
ditional wired access to the global Internet will remain highly
relevant in the near future. The latter is considered as the main
source of information, including for self-education for both
trainees and teachers. Assessments of the digital transforma-
tion inheritance in education are also assigned to the research
[15]. The process of education transformation in the country
as one of eight warehouses of the backbone digitalization pro-
grams are studied by scientists from Vietnam. The authors
outline 22 indicators for assessing the readiness of both the
educational pledges, as well as the students themselves, to dig-
ital transformations at the university. The mutual influence of
the parameters on each other is analyzed. In addition to that,
the statistically sound analysis of the previous test results is ap-
plied.

Based on the Education process classification framework
from the APQC association [16], the university process system
was divided into three abstract groups: development processes,
main activity processes and auxiliary processes, which in total
contain 12 categories. Collectively, building blocks are used to
assess the maturity of an organization’s architecture.

The influence of individual indicators and their weights in
complex multi-criteria assessments are the subject of research
in many articles. For instance, the authors of the study [17]
consider the traditional German test for knowledge of digital
competencies D21-digital-index, which is used both in higher
educational institutions and in vocational colleges. It has been
statistically proven that the individual dimensions included in
the synthetic index must have different weighting factors.

The development of this approach can be considered the
study [18], where the educators’ preparedness to the social
problems, caused with the digital transformation in academic
community, applying the covariance based-structural equa-
tion modeling (CBSEM), is researched. The authors studied
the related to digital transformation factors influence on each
other and focused on the evidence of the dependency between
the digital literacy, related to the academic library, and the in-
dividual informatization success during digital changes in the
academic community. Digital transformation of libraries is
emphasized as one of the key factors in improving informati-
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zation preparedness level. Such a reason is contrasted to the
greater number of early research studies, where the main crite-
ria for readiness before digital transformation are called busi-
ness criteria, particularly in [19].

The issue of higher education institutions ranking in Ka-
zakhstan is discussed in detail in [20]. The author accentuates
the problem of combining the higher education institutions
from the post-Soviet space with the world educational ones
due to the discrepancy between the indicators adopted to as-
sess the ranking of Europe and the United States universities.
At the same time, the Covid-19 pandemic has significantly
changed the world rankings, mostly moved them to the side of
the possibility to provide remote digital services.

As shown in [20], despite the general discrepancy in the
names of evaluation indicators and the dimensionality of mea-
surement scales, most world ratings are isomorphic to each
other. Therefore, it is proposed to perform the rationing of in-
dicators on a certain dimensionless scale and to move from the
traditional post-Soviet methods for rating formation to the
universal one.

As an example of such universal rating, we may consider
the NRI, taken as a basis in this study.

Since 2002, the Network Readiness Index (hereinafter
NRI) has been published annually within the framework of
the Global Report on Information Technology of the World
Economic Forum. The index is presented as a holistic frame-
work for assessing the multifaceted impact of ICT on society
and the development of nations [21]. The Index was developed
by the Information Technology Group at Harvard University’s
Center for International Development.

The index was reviewed in 2019 by its founders and co-
editors Sumitra Dutta and Bruno Lanvin, now sponsored by
the Portulance Institute, to reflect how technology and people
should be integrated. As part of an effective governance struc-
ture, in order to have the right impact on our economy, society
and the environment. The 2020 NRI is the second edition of
this updated methodological regime and is geared towards
digital transformation. It ranks 134 countries, basing on their
performance across 60 variables [22].

Let us consider the structure of the Index in more detail,
shown in Fig. 1 [23]. It is hierarchical with two levels of nest-
ing. The outer layer includes four categories: technology, gov-
ernment, people, influence.

The 2" level of nesting includes 16 sub-criteria from the
category of technologies, 14 from the category of government,
16 and 14 from the categories of people and influence, respec-
tively. It is proposed to drill into each criterion and sub-crite-
rion.

Since 2002, the Network Readiness Index (hereinafter
NRI) has been published annually within the framework of
the Global Report on Information Technology of the World

Economic Forum. The index is presented as a holistic frame-
work for assessing the multifaceted impact of ICT on society
and the development of nations [21]. The Index was developed
by the Information Technology Group at Harvard University’s
Center for International Development.

The index was reviewed in 2019 by its founders and co-
editors Sumitra Dutta and Bruno Lanvin, now sponsored by
the Portulance Institute, to reflect how technology and people
should be integrated. As part of an effective governance struc-
ture, in order to have the right impact on our economy, society
and the environment. The 2020 NRI is the second edition [22]
of this updated methodological regime and is geared towards
digital transformation. It ranks 134 countries, basing on their
performance across 60 variables.

The purpose of the study is to achieve an integrated ap-
proach to assess the readiness of a higher educational institu-
tion for digital transformation in the form of a multi-criteria
analysis of the university activities and development.

Methods. Let us consider the structure of the Index in
more detail, shown in Fig. 1. It is hierarchical with two levels
of nesting. The outer layer includes four categories: technolo-
gy, government, people, influence.

The 2" level of nesting includes 16 sub-criteria from the
category of technologies, 14 from the category of government,
16 and 14 from the categories of people and influence, respec-
tively. It is proposed to drill into each criterion and sub-crite-
rion.

Technology is at the heart of the network economy. This
pillar, therefore, seeks to assess the level of technology that is a
sine qua non for a country’s participation in the global econo-
my. The following three sub-pillars have been identified for
that purpose [22]:

1. Access: The fundamental level of ICT in countries, in-
cluding on issues of communications infrastructure and af-
fordability.

2. Content: The type of digital technology produced in
countries, and the content/applications that can be deployed
locally.

3. Future Technologies: The extent to which countries are
prepared for the future of the network economy and new tech-
nology trends such as Al and Internet of Things (IoT).

The availability and level of technology in a country is only
of interest insofar as its population and organizations have the
access, resources, and skills to use it productively. This pillar is
therefore concerned with the application of ICT by people at
three levels of analysis: individuals, businesses, and govern-
ments [22].

1. Individuals: How individuals use technology and how
they leverage their skills to participate in the network economy.

2. Businesses: How businesses use ICT and participate in
the network economy.

Network Readiness Index (NRI)

Technology People

Governance Impact

Access Individuals

Content Businesses

Future

. Governments
Technologies

Trust Economy

Regulation

Quality of Life

SDG Contribution

Fig. 1. General structure of the Network Readiness Index [23]
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3. Governments: How governments use and invest in ICT
for the benefit of the general population.

A country’s network readiness does not take place in a
vacuum and is a function of the national context within which
people operate. Thus, this pillar seeks to capture how condu-
cive the national environment is for a country’s participation
in the network economy, based on issues of trust, regulation,
and inclusion [22].

1. Trust: How safe individuals and firms are in the context
of the network economy, as reflected by an environment con-
ducive to trust and the trusting behavior of the population.

2. Regulation: The extent to which the government pro-
motes participation in the network economy through regulation.

3. Inclusion: The digital divides within countries where
governance can address issues such as inequality based on gen-
der, disabilities, and socioeconomic.

Ultimately, readiness in the network economy is a means
to improve the growth and well-being of society and the econ-
omy. This pillar, therefore, seeks to assess the economic, so-
cial, and human impact of participation in the network econ-
omy [22].

1. Economy: The economic impact of participating in the
network economy.

2. Quality of Life: The social impact of participating in the
network economy.

3. SDG Contribution: The impact of participating in the
network economy in the context of the SDGs — the goals
agreed upon by the UN for a better and more sustainable fu-
ture for all. The focus is on goals where ICT has an important
role to play, including such indicators as health, education,
and environment.

The computation of the NRI is based on successive aggre-
gations of scores, from the indicator level (i.e., the most disag-
gregated level) to the overall NRI score. In general, the un-
weighted arithmetic mean has been used to aggregate individ-
ual indicators within each sub-pillar, sub-pillars within each
pillar, and the pillars comprising the overall index.

In this paper it is proposed to follow the approach of the
Information and Communication Technologies Development
Index (hereinafter ICT Index) calculating as a universal metric
for the digital transformation level assessment of educational
institutions based on the NRI, namely:

1) to adopt abstract categories of top-level criteria;

2) to average the values of hierarchical nesting.

The novelty of the approach lies in additional add-ons:

1) to apply weight coefficients at any level of the hierarchy,
that leads to the mathematical apparatus customizing;

2) to find the most flexible resulting scale of the Index for
the most comprehensible results interpretation;

3) to develop the universal mathematical apparatus that
can be easily modified for any specificity of the educational
institution and its criteria.

It is assumed that the requirements for the weighting fac-
tors and the criteria creation for the internal model levels are to
be created by the state unit responsible for the digital transfor-
mation implementation and control. Also, there is no exclu-
sion to apply the ICT Index for the educational programs and
universities accreditation.

A mathematical apparatus is proposed for calculating the
ICT Index, based on the NRI calculation algorithm according
to the following algorithm. The ICT Index calculation is per-
formed with the formula

4 4
I=Xwp [ > w, (1)
i=1 i=1

where P; is pillar value obtained as a result of criteria convolu-
tion (takes on a value from 0 to 1); W, is pillar significance
value, chosen on any applied scale ([0...1]; [1...10]; [0...100],
etc.); i is the number of the top-level criterion, taking on the
value i = 1—4 — according to the number of top-level criteria.

It should be noted that the selection of weights is not a
mandatory requirement for the calculation approach applying.
Theoretically, it seems possible to assume the equivalence of
the evaluation criteria. Then for all pillar significance W, value
will take on the value 1, automatically transforming expression

(1) to the form
4
P, / 4, 2)
i=1

i

I=

which means the ICT Index value is determined as the arith-
metic average over all pillars.
The values of each pillar are calculated analogically

b =ij'yu/[m-27~j} &)
j=1

where i is a pillar number, i = 1—4; j is a sub-pillar number, j =
= 1-m; m is a sub-pillar quantity included into a pillar; 4; is
sub-pillar significance value, chosen on any applied scale
([0...1]; [1...10]; [0...100] ect.); y; is sub-pillar value resulting
from the basic pillars convolution (takes on a value from 0 to 1).

The evaluation of the lowest nesting features is determined
by the formula

1 1
yij_zuk'xij,k/[t'zuk} “4
k=1 k=1

where , is basic pillar significance value, chosen on any ap-
plied scale ([0...1]; [1...10]; [0...100] ect.); y; is sub-pillar value,
which can be expressed as a logical or numeric type, taking on
avalue from 0 to 1; i is a pillar number, i = 1—4; j is a sub-pillar
number, j = l—m; m is sub-pillar quantity included into a pil-
lar; k is a basic pillar number, k£ = 1—f; ¢ is basic pillar quantity
included into a sub-pillar.

The weight coefficients in (3, 4) can be specified on an ar-
bitrary scale similarly to the calculation (1) or be chosen equal.

Considering formulas (1—4), it is proposed to evaluate the
ICT Index on a scale from 0 to 1. It provides a few advantages:

1) ranking the objects under consideration with a given ac-
curacy (it is necessary to choose the number of the decimal
place to be considered), that eliminates the problem of a dis-
creteness high level and the impossibility of distinguishing be-
tween the objects of the same group under study;

2) values of any type, using as the basic pillar assessment
can be normalized to a scale from 0 to 1;

3) simple division into semantic categories of any order.

A hierarchical structure of the ICT Index is proposed, as
well as its calculation with two levels of nesting using the ex-
ample of an abstract university (Fig. 2). The structure contains
an abstract categorization of the 1st level of nesting, similar to
the NRI model, and the 2" level is selected according to the
nature and problems of the evaluated object in terms of the
semantic context.

For instance, in a typical university the “Technology” pil-
lar demonstrates the availability of the necessary conditions
and systems for the learning process conducting within the
university digital transformation, both at the present time and
further. The sub-criteria of this pillar in more detail are pre-
sented below with a description of the aspects covered by each
feature.

I sub-pillar “Access” is a group of fundamental indicators
that determine the very existence of a smart university, its net-
work integration.

1.1.1. Internet access — coverage of computer workstations
with Internet access.

1.1.2. Free Wi-Fi — coverage of the university territory by a
wireless broadband Wi-Fi network with registration according
to the university id-card.

1.1.3. Equipping with computer workstations — the degree
of access to a PC (digitalization of jobs) for employees and stu-
dents.
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Technology pillar

1st sub-pillar Access
1.1.1. Internet access

1.1.2. Free Wi-Fi
1.1.3. Equipping with working computer stations

1.1.4. Energy stations
1.1.5. University id-card

2nd sub-pillar Management facilities
1.2.1. Integrated students and stuff database
1.2.2. Smart scheduling system
1.2.3. E-studing support system

Administration pillar

1st sub-pillar Communication
2.1.1. E-document flow system
2.1.2. Online request system

2nd sub-pillar Financial
2.2.1. Payrolling system
2.2.2. Grant and research financial system

3rd sub-pillar Regulation
2.3.1. E-voting
2.3.3 KPI publishing and control

People pillar

1st sub-pillar Education stakeholders
3.1.1. Profile analytic platform

3.1.2. ICT skills testing
3.1.3. Feedback system

3.1.4. Entertainment and educational events
scheduling
2nd sub-pillar Business
3.2.1 Project research and consulting system
3.2.2. Unit investment system

3rd sub-pillar Educational facilities
1.3.1. Remote studying platform

4th sub-pillar Security
2.4.1. Privacy protection by law contant
1.3.2. Virtual library 2.4.2. E-signature

Impact pillar

1st sub-pillar Economy
4.1.1. Business request implementation

1.3.3. University anti-plagiarism sytsem
1.3.4. Public student scholarship ranking

4th sub-pillar Future technology
1.4.1.IT development department
1.4.2. Customized messaging system

4.1.2. Government request implementation
4.1.3. International expierence exchange

2nd sub-pillar Science
4.2.1. E-Science Press

Fig. 2. Proposed ICT Index structure for educational institutions

1.1.4. Energy stations — availability of stations (stationary
places) for device recharging. As all gadgets depend on batter-
ies to work.

1.1.5. University id-card — personal identification at all
technological levels of university systems.

2" sub-pillar “Management facilities” — a group of indi-
cators that assesses the ability for learning process digitalizing.

1.2.1. Integrated students and stuff database — a universal,
normalized database that stores all documentary and tracking
information about students, teachers and university staff.

1.2.2. Smart scheduling system — schedule developing and
adjusting work automatically, basing on the E-studying sup-
port system.

1.2.3. E-studying support system — automation of the edu-
cational and methodological processes, accounting and moni-
toring of student progress, as well as planning the educational
process.

3" sub-pillar “Educational facilities” — a group of indica-
tors that demonstrates the ability of switching to the online
form of education, while having access to the necessary mate-
rials, anti-plagiarism control; follow the learning outcomes in
the ranking.

1.3.1. Remote studying platform — a virtual space for con-
ducting online classes, where educational materials are struc-
turally provided, assessment is carried out, and knowledge is
monitored. The system is integrated with students and stuff
database, E-studying support system, Smart scheduling system.

1.3.2. Virtual library — a virtual space with electronic ver-
sions of educational, reference, methodological literature, as
well as other digital information resources.

1.3.3. University anti-plagiarism system — a software im-
plemented algorithm that checks the input information origi-
nality relatively to the existing objects in the depository (ar-
chive) of the university.

1.3.4. Public student scholarship ranking — student rank-
ing by academic performance with the option of automatically
determination of the scholarship holders list.

Finally, the 4" sub-pillar “Future technology” is a group
of indicators that demonstrates the potential of ICT Index im-
proving in the future (a kind of development indicator). It in-
cludes the following features:

1.4.1. IT development department — the presence in the
university structure of the department responsible for the im-
plementation and support of the digital transformation process.

1.4.2. Customized messaging system — the presence of an
information exchange system for students and university staff,
integrated with the University id-card, Smart scheduling system.

The “Administration” pillar demonstrates the level of
technology use in the university management. The sub-crite-

ria of this group are considerably significant as their assess-
ments are to prove existing of the university’s tools, using for
operations transparency and corruption fight.

¥ sub-pillar “Communication” is a group of indicators
that allows evaluating the work with a template workflow,
namely:

2.1.1. E-document flow system — creation, exchange, dis-
tribution and internal university documentation accounting
documentation without paper copies; integrated with E-signa-
ture, University id-card, E-studying support system.

2.1.2. Online request system — development of supporting
documents for students and university staff through an e-re-
quest; integrated with E-signature, University id-card, Smart
scheduling system.

2™ sub-pillar “Financial” — a group of indicators that as-
sesses whether monetary transactions are to be automated
functioning. It includes:

2.2.1. Payrolling system — automated cash payments to
employees, students, intra-structural and contractors, inte-
grated with the University id-card, E-studying support system,
E-document flow system, Online request system, E-signature.

2.2.2. Grant and research financial system — accounting
and access to funds intended for work on grant projects, re-
search work of internal departments; integrated with Pay-
rolling system, E-document flow system, Online request sys-
tem, E-signature, University id-card.

3" sub-pillar “Regulation” is a group of indicators that as-
sesses the ability to conduct online events with the voting op-
tion, as well as create and control the implementation of a uni-
versity development strategy along the entire hierarchy. This
sub-criterion also contains two features:

2.3.1. E-voting — a system for electronic votes recording
during online events for university employees and students,
including the election of a rector, deans, other officials, as well
as changes in regulatory documents; integrated with Univer-
sity id-card, E-signature.

2.3.2. KPI publishing and control — a system of KPI devel-
oping, managing and tracking, intended on employees along
the entire vertical hierarchy, integrated with the University id-
card, E-signature, Payrolling system, Online request system.

The last, 4” sub-pillar “Security”, is a group of indicators
that assesses the possibility of identifying employees and stu-
dents, as well as legal control of activities. The features are at-
tributed for it:

2.4.1. Privacy protection by law content is an online system
of obtaining legal assistance for students and employees in any
areas of their interests.

2.4.2. E-signature is a digital unique file confirming iden-
tity, integrated with the University id-card.
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The “People” pillar demonstrates the availability of data
collecting and processing technologies by individual, the em-
ployees’ and students’ awareness about multi-topic events, as
well as substantive interaction with external stakeholders. This
top-level criterion consists of two sub-criteria and six attributes.

I sub-pillar “Education” stakeholders is a group of indi-
cators that determines the ability to collect and store informa-
tion by the individual activities, receive feedback, and inform
about various events.

3.1.1. Profile analytic platform — a system for data collect-
ing and analyzing based on the intra-university activities of an
individual, with an automatic system for recommendation let-
ters mailing, as well as person profile creating, integrated with
the University id-card.

3.1.2. ICT skills testing — a set of test tasks to determine the
level of digital literacy for all employees and students at the
university, integrated with the University id-card.

3.1.3. Feedback system — a system for launching and pro-
cessing feedback forms, integrated with all electronic systems
of the university.

3.1.4. Entertainment and educational events scheduling —
a calendar system with automatic alerts for upcoming events,
integrated with the University id-card.

2" sub-pillar “Business” — a group of indicators that as-
sesses the possibility of releasing human and project potential
with the attraction of investment funds.

3.2.1 Project research and consulting system — a tracking
system of developments, patents, research based on intra-uni-
versity structural divisions, available for viewing by representa-
tives of the business environment for commercial purposes.
Access to the storage of information is provided by the authors
of intellectual property. The system is integrated with univer-
sity id-card, E-signature, Profile analytic platform.

3.2.2. Unit investment system — profile analytic platform
data dubbing system with a filter option by the criterion of
owner permission to participate in selection tour with the aim
to develop the individual potential with the attraction of exter-
nal investments.

Finally, the “Impact” pillar criterion assesses the degree of
smart university performance on the state spheres of the econ-
omy and science. There are five indicators, combined into two
sub-criteria.

I* sub-pillar “Economy” is a group of indicators that as-
sesses the possibility of qualified personnel provision to state
and private organizations, as well as implementation of the re-
sults achieved in cooperation with foreign universities.

4.1.1. Business request implementation — the university
response rate to requests from external stakeholders, represen-
tatives of the business environment to fill the staff.

4.1.2. Government request implementation — the univer-
sity response rate to government requests for staffing.

4.1.3. International experience exchange — the presence of
the university’s international activities with participation in of-
fline internships, awareness of the practical and theoretical
base of other countries, as well as exchange of experience in
order to attract qualified specialists to debug intra-university
processes.

2 sub-pillar “Science” is a group of indicators that as-
sesses the possibility to participate in research and scientific
field of the university, and to defense the copyright university
community members.

4.2.1. E-Science Press — electronic scientific publications,
authored by university community members, with the ability
to publish the results of scientific research both by students
and staff of the university, and by external authors (on a com-
mercial basis).

4.2.2. Public patent application — a system for searching
and registering applications of copyright and patents, integrat-
ed with the University id-card.

Results. To calculate the ICT Index of an abstract aca-
demic institution, it is necessary to select appropriate scales

for the basic characteristics measurement, which are to be
used in formulas (1—4). At the same time, it is significant to
highlight such basic pillar, belonging to the above-described
structure in Fig. 2, which are measured by real relative values,
as well as those that are of a logical nature.

It is proposed to consider the following indicators as real
datatype values of an educational institution digitalization:

1.1.1. Internet access is a number showing the ratio of the
number of working computer stations with Internet access to
the number of all work computer stations.

1.1.2. Free Wi-Fi is a number equal to the ratio of the terri-
tory area covered with Wi-Fi connection to the total area of
the educational institution. If the Wi-Fi zone exceeds the area
of the training campus, the indicator is equal to 1.

1.1.3. Equipping with working computer stations — the ra-
tio of workplaces equipped with computers to all workplaces in
the university. If some employees have more than one com-
puter workplace, and the ratio is greater than 1, the indicator
value is assumed to be 1.

1.1.4. Energy stations — the ratio of the number of energy sta-
tions for every ten teachers and one hundred students. If the re-
sult is greater than 1, then the indicator value is assumed to be 1.

3.1.2. ICT skills testing is a number that illustrates the level
of students testing coverage, equal to the ratio of university id-
card users with passed ICT skills test to all university id-card
users.

4.1.1. Business request implementation is a relative value
equal to the ratio of the number of students who have taken the
proposed job to the number of jobs allocated from business
structures.

4.1.2. Government request implementation is a similar
relative value equal to the ratio of the number of students who
have taken the proposed job to the number of jobs allocated
from government agencies.

The remaining 26 basic indicators are proposed to be con-
sidered as boolean variables taking values:

“17, if this indicator exists and implements the functional-
ity specified in its description;

“07, if this indicator does not exist or does not fully imple-
ment the functionality (for example, a similar technology is
still being developed or is at the implementation stage).

The examples of boolean values assessment for indicators
are demonstrated below:

1. The university id-card indicator takes the value “1” if it
is possible to identify a person at all technological levels of the
university information systems, and “0” if the student ID is
not used at all or is used partially — for example, for registra-
tion in the library and as a pass to the hostel.

2. Virtual library indicator takes the value if any user of
the university id-card has access to the virtual space with elec-
tronic versions of information sources, and “0” if, having a
university id-card, a user must perform some kind of paper
registration or physically be present in a specific room.

As an example, one of the universities was considered. The
indicator values are shown in Table. The calculation of the
ICT Index is illustrated on the example.

Considering all the indicators to be equivalent (as noted
earlier, this approach can be revised at the request of the orga-
nization, conducting the assessment), using (4), the assess-
ments by sub-criteria are calculated.

For the I* sub-pillar Access: y;; = (0.75 + 0.86 + 0.76 +
+0.74+1)/5=0.77.

For the 2"sub-pillar Management facilities: y;, = (1 + 1 +
+1)/3=1

For the 3" sub-pillar Educational facilities: y;3 = (1 + 0 +
+1+0)/4=0.5.

For the 4" sub-pillar Future technology: y;, = (1 + 0)/2 =
=0.5.

For the /¥ sub-pillar Communication: y,, = (1 +0)/2=0.5.

For the 2" sub-pillar Financial: y,, = (1 + 0)/2=0.5.

For the 3" sub-pillar Regulation: y,; = (1 +1)/2= 1.

“1”
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Table
Indicator scores in terms of example calculation

Indicator Value
1.1.1. Internet access 0.75
1.1.2. Free Wi-Fi 0.86
1.1.3. Equipping with working computer stations 0.76
1.1.4. Energy stations 0.47
1.1.5. University id-card 1
1.2.1. Integrated students and stuff database 1
1.2.2. Smart scheduling system 1
1.2.3. E-studying support system 1
1.3.1. Remote studying platform 1
1.3.2. Virtual library 0
1.3.3. University anti-plagiarism system 1
1.3.4. Public student scholarship ranking 0
1.4.1. IT development department 1
1.4.2. Customized messaging system 0
2.1.1. E-document flow system 1
2.1.2. Online request system 0
2.2.1. Payrolling system 1
2.2.2. Grant and research financial system 0
2.3.1. E-voting 1
2.3.2 KPI publishing and control 1
2.4.1. Privacy protection by law content 0
2.4.2. E-signature 1
3.1.1. Profile analytic platform 1
3.1.2. ICT skills testing 0.99
3.1.3. Feedback system 1
3.1.4. Entertainment and educational events scheduling 0
3.2.1 Project research and consulting system 0
3.2.2. Unit investment system 1
4.1.1. Business request implementation 0.94
4.1.2. Government request implementation 0.8
4.1.3. International experience exchange 1
4.2.1. E-Science Press 1
4.2.2. Public patent application 0

For the 4" sub-pillar Security: y,, = (1 +0)/2=0.5.

For the I* sub-pillar Education stakeholders: y;; = (1 +
+0.99+1+0)/4=0.75.

For the 2"¢sub-pillar Business: y;, = (0 + 1)/2 =0.5.

For the I* sub-pillar Economy: y,; = (0.94 +0.80 + 1)/3 =
=0.91.

For the 2" sub-pillar Science: y,, = (1 +0)/2 =0.5.

Among the second level sub-criteria, only 2 out of 12 take
the value 1 — y,,, ¥,3; despite assessing most of the indicators
take on 1 value in Table, which demonstrates the signs of digi-
talization are fulfilled.

Continuing the calculation, the sub-criteria within each of
the criteria are to be equal and in order to move to a higher
level, formula (3) should be applied. The index values by the
top-level criteria will be equal to:

For Technology pillar: P1 =(0.77+1+1+0.5)/4=10.82.

For Administration pillar: P2=(0.5+0.5+1+0.5)/4=0.62.

For People pillar: P3=(0.75+0.5)/2=0.63.

For Impact pillar: P4 =(0.91 + 0.5)/2=0.71.

Continuing with the same principle at the top level, using
formula (2), the ICT Index is calculated based on the chosen
conditions and data from Table, considering all the criteria to
be equivalent

I=(0.82+0.62+0.63+0.71)/4 = 0.695.

To illustrate the flexibility of the approach, the weighting
coefficients of the criteria at the only upper level are proposed
to be applied. For example, it is suggested to choose the scale
from 1 to 10 and to assume pillar significance: Technology pil-
lar — 10, Administration pillar — 8, People pillar — 6, and fi-
nally Impact pillar — 5.

Using formula (1), ICT Index comes gains the following
result

I=(10-0.82+8-0.62+6-0.63+5-0.71)/(10+ 8+ 6 +5) =
=0.707.

The final value of the ICT Index, calculated according to
formula (2) with equal priorities of the criteria turned out to be
higher relatively to the ICT Index value, calculated according
to formula (1), by (0.707 — 0.695)/0.695 - 100 % = 1.72 %.

As it was demonstrated on the example calculations, it is
easy to conclude that even a large difference in the weight of
the criteria (two times) leads to an insignificant change in the
final score. This indicates the stability of the proposed method
to individual assessments by an expert performing the assess-
ment and a weak influence on the result of subjective assess-
ments.

Conclusions. The authors proposed an approach to assess
the readiness of educational institutions for network integra-
tion based on the ICT Index. The latter is calculated based on
sub-indices in 4 areas: technology, people, governance and
influence. Each of the categories has its own criterion sub-in-
dices, which are normalized by the scales from the nested level
to the highest.

It is assumed that the use of the ICT Index for all educa-
tional institutions in Kazakhstan will solve the problems of
automating processes to ensure training and expanding the
technological capabilities of educational institutions for modi-
fying the forms of education at the state level by bringing the
assessment indicators of all objects to a single scale.

In the article the hierarchical structure for calculating the
ICT Index, based on assessments of individual signs of the
transition to digital learning is described. At the same time, it
is proposed to create semantic levels of sub-pillars and indica-
tors.

The calculation formula for the ICT Index assumes the as-
sessment of 33 indicators, among which there are 7 real
datatype ones, defined as relative values from 0 to 1, and
26 logical signs. Each indicator is given a numerical interpreta-
tion.

It is supposed that at each level of the hierarchy, the person
or entity, conducting the assessment, can enter weights to ac-
count of the criteria significance, sub-criteria, or indicators. At
the same time, the proposed methodology does not impose
restrictions on the scale of the indicators and criteria signifi-
cance, which can be arbitrary.

The presented formulas allow calculating the values of cri-
teria, sub-criteria and the educational institution ICT Index by
indicators. On the example of a separate educational institu-
tion, it is shown that the calculation formulas are resistant to
the subjectivity of the weight coefficients significance in the
assessment.

The next step in working with the ICT Index is to interpret
its meaning. It is assumed that the state structural unit, which
is going to be responsible for universal requirements develop-
ment of the criteria, also provides the ICT Index scale inter-
pretation. However, it is proposed to consider 3 categories:

1) “high level of digital transformation” in case the ICT
Index value is arranged from 0.75 to 1;
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2) “average level of digital transformation” in case the ICT
Index value is arranged from 0.45 to 0.75;

3) “low level of digital transformation” in case the ICT In-
dex value is arranged from 0.45 to 0.75.

Recommendations for increasing the ICT Index should be
given to an educational institution primarily based on of such
basic pillars whose values are less than 0.5.
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IMudposizaniiinmii miaxix B ocBiTi HA OCHOBI
3aCTOCYBaHHS iHAEKCY MepexkeBOi rOTOBHOCTI
SK yHiBepCaJbHOI METPUKH
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Mera. [locsiTHEHHST KOMIUIEKCHOTO TiIXOMy IO OLiHKU
TOTOBHOCTI BWIIOTO HAaBYAJTBHOTO 3aKjiIamy M0 LU(pPOBOI
TpaHcdopmaliii y ¢popMi GaraToKpUTepiaJlbHOrO aHali3y Mdi-
SITBHOCTI 11 PO3BUTKY YHiBEPCUTETY.

Metoauka. ¥ poOOTi 3aITpOITIOHOBAHO MiAXil 10 PeHTHUH-
roBOTO OILiHIOBAaHHSI HaBYaJbHUX 3aKJIAiB 3a i€papXiYHUM
KPUTEpPIieEM, 1110 HAa3MBAEThCs [HAEKCOM pPO3BUTKY iH(opMa-
LiiTHO-KOMYHiKaiitHux texHoszorii (nam IKT-inmexc). Leit
IMiXi1 BBaXKAETHCS aHAJIOTIEIO iHAEKCY MEPEXKEBOi TOTOBHOC-
Ti, po3pobsieHoro I'pymnoro indopmaniitHux TexHomorii LleH-
Tpy ['apBapAcbKOro yHiBEpCUTETY.

PesyabraTu. [1ponoHyeTbcss BUKOPUCTOBYBATH MiAXil A0
obuucieHHsa IKT-iHmekcy siK yHiBepcaJabHOI METPUKU ISt
OLIiHKM piBHS LM (GPOBOI TpaHc(hopMallii HaBYaIBHUX 3aKJa-
IiB Ha OCHOBI IHAEKCY MepekeBoi TOTOBHOCTI, a caMe IpU-
WHSTU aOCTpaKkTHI KaTeropii KpuUTepiiB BEpXHbOTO PiBHS Ta
yCepeaHIOBaTH 3HAYSHHS iEpapXiuHOI BKJIAIEHOCTI.

HaykoBa nHoBm3Ha. OpUTiHATBHHICTH IMAXOMYy TOJSITAE Y
BBEICHHI BaroBux KoedilliEHTIB Ha OyIb-sIKOMY piBHi i€epap-
xii. KpiM Toro, minxin 3abe3nedye rHydykuii BUOip pe3yabTyio-
yoi mkanu [Haekcy st Haibiabin 3po3yMisnoi iHTeprpeTallii
PEe3yNIbTaTiB, a TAKOX PO3pPOOJIEHHSI YHIBEPCATBHOTO MaTeMa-
TUYHOTO amnapaty Ui obuucieHHs IHaekcy. 3anponoHoBa-
HUII MaTeMaTUIHUI anapar JIerko MonudiKyeThbest Tin 6ymab-
Ky crietrdiky HaBYaJIbHOTO 3aKJIay Ta MOro Kpurepii.

IIpakTyna 3unaymmicTb. Bukopucranus IKT-iHnmexkcy
IIJIs1 BCiX HaBYaJIbHUX 3aKiaaiB KazaxcraHy mo3BOJUTH BUPi-
LIUTU TpobJIeMU aBTOMAaTU3allil POLECIB [J1s1 3a0e3MeUeHHSI
MiATOTOBKU 1 PO3IIMPEHHS TEXHOJOTIYHUX MOXJIMBOCTEN
HaBYAJIbHUX 3aKJIadiB, Moaudikallii popm HaBUaHHS Ha Jep-
>)KaBHOMY DiBHi IUISIXOM TPUBEIEHHS MOKa3HWKIB OLIHKKU
BCiX 00’€KTiB 70 BiIMIOBiMIHOTO PiBHS.

KirouoBi cyioBa: océima, yugposizauyis, indexc mepeicegoi
20mogHocmi, HOpMaYiliHO-KOMYHIKAUILIHI mexHoAo02ll, Kpu-
mepiil icpapxii
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