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Abstract. The university library is presented as a complex system that includes elements 
with various properties and challenges. Any structural change inevitably affects the 
activity of all its components. This paper discusses the concept of an anticipated smart 
library, the services that can be transferred to it, and its scheme of work and model.
This paper presents a certain set of technical solutions deliverable through the smart 
library of a university.
Over 200 publications, mainly by foreign scholars, have been analysed because of the 
lack of research in Russia on smart library services. The smart library system is designed 
to provide information services in any form and on any digital device through classical 
and service networks based on smart services. Smart library services are classified by 
two main characteristics: the library activity types (e. g. general services, scientific and 
educational) and the ways of obtaining information (e. g., traditional, online and smart).
This paper presents the scheme of a smart library, based on which the model of a university 
smart library is constructed.
The research results may be best limited to university libraries.
The results have practical applications in the Library and Publishing Complex of Siberian 
Federal University. Consequently, a new library information environment has been 
developed and integrated into the university’s information space.
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От электронных до смарт-библиотечных систем:  
концепция, классификация сервисов,  
схема работы и модель

Р. А. Барышев
Сибирский федеральный университет 
Российская Федерация, Красноярск

Аннотация. Университетская библиотека представлена как сложная система, 
включающая в  себя элементы с  различными свойствами и  изменениями. Любое 
структурное изменение в  системе неизбежно влияет на  деятельность всех его 
компонентов. В  настоящей статье рассмотрены концепция смарт-библиотеки, 
встроенные в нее сервисы, а также схема ее работы и модель.
В статье представлен определенный набор технических решений, предоставляемых 
пользователю через смарт-библиотеку университета.
Более 200 публикаций, в основном зарубежных ученых, были проанализированы 
по «умным» библиотечным сервисам. Смарт-библиотечная система предназначена 
для предоставления информационных сервисов в  любой форме и  на  любом 
цифровом устройстве через классические и  новые сервисы, работающие 
по  технологии опережения запроса пользователя. Смарт-библиотечные сервисы 
классифицируются по  двум основным характеристикам: тип библиотечной 
деятельности (например, общие, научные и  образовательные сервисы) и  способ 
получения информации (например, традиционные, онлайновые и смарт-сервисы).
В  статье представлена схема работы смарт-библиотеки, на  основе которой 
построена модель университетской смарт-библиотеки. Результаты исследований 
могут быть применены в работе других университетских библиотек.
Результаты исследования имеют практическую апробацию в  Библиотечно-
издательском комплексе Сибирского федерального университета. В  результате 
исследования новая библиотечная информационная среда была создана 
и интегрирована в информационное пространство университета.

Ключевые слова: университетская библиотека, смарт-библиотека, электронная 
библиотека, библиотечные услуги, информационные технологии в  библиотеках, 
модель, классификация сервисов, смарт-сервисы, онлайн-сервисы, информационные 
ресурсы.

Научная специальность: 13.00.00 – ​педагогические науки.

Introduction
Today the electronic library is con-

sidered an independent, prospective li-
brary form in the information community 
(Nokhrin, 2005). It is a social and technical 
complex oriented towards performing tra-
ditional and nonconventional library func-
tions on an essentially new technological 
basis. This basis includes new information 
technologies, peripheral hardware, soft-

ware, mathematical and linguistic support, 
a means of telecommunication and network 
information resources.

The electronic library becomes the most 
important instrument of knowledge manage-
ment, while, at the same time, it does not go 
beyond its traditional functions connected with 
knowledge accumulation and storage. Tryam-
kina (2017) wrote that within knowledge man-
agement, the electronic library turns knowl-
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edge into a key resource of library information 
activities development and efficiency.

Zamyatin (2011) observed that an import-
ant advantage of electronic libraries is their 
mobility; dynamism of exchange and commu-
nication with the global information environ-
ment and ability to work with not only static 
text but also fast-changing, constantly updated, 
interactive resources (e. g., hypertext docu-
ments, websites).

The main goal of the university electronic 
library is successful learning, doing research 
and involving students in the university’s so-
cial, sports and cultural activities. Thus, elec-
tronic library systems will reach new levels of 
development, if they have the ability to anal-
yse user behavior information (Tsibulsky et al., 
2017).

A library’s flexibility in adapting rapidly 
to changing needs and new technologies is of 
utmost importance. To achieve success, elec-
tronic libraries must offer high-quality services 
that satisfy readers’ requirements and exhibit 
great flexibility in their activities (Pinto et al., 
2012).

Traditional library services are being mod-
ified and enhanced in the online environment. 
Burgess (2010) asserted that modern libraries 
promote the availability of their useful mobile 
information resources and services and access 
to information in the field from mobile devic-
es to support research. They deliver services to 
users via the Internet, smartphones and other 
handheld devices.

Little (2013) argued that university elec-
tronic libraries store and issue information and 
render some services upon users’ request only. 
Noskov et al. (2016) wrote that they are ware-
houses of data and resources for performing 
information services upon students’, universi-
ty faculty’s and administrative staff’s request. 
Kuleva (2014) argued that the electronic library 
that only reacts to users’ enquiries is passive.

Kaklauskas et al. (2007) described the 
transformation from the electronic library to 
the smart library, which provides advanced 
services, such as personalisation, hypertext, 
computer-aided design, knowledge-mining and 
cross-media services. All these services trans-
formed the electronic library into the smart 

library, which is a more active, professional 
and intelligent storehouse of practical knowl-
edge offering intelligent opportunities for users 
(Aghakhani et al., 2013; Jeng, 2014).

Besides, Mohapatra (2017) observed that 
digital information storage and information 
communication technologies together can 
revolutionise and modernise library systems, 
transforming them to smart libraries. In the big 
data environment, the smart library, with the 
development of information technology and 
changes in user needs, continues to transform 
and reform, resulting in a new form (Zhao et 
al., 2019).

Cao et al. (2018) stated that traditional li-
braries can transform to smart libraries by stra-
tegic design and implementation of advanced 
technologies, such as cloud computing, data 
mining and artificial intelligence but that they 
also need to consider service building, user cul-
tivation and librarian training.

The smart library concept has been dis-
cussed extensively in previous research, main-
ly by Western scholars, including Cao et al. 
(2018), Johnson (2013), Sreekumar (2012), Zim-
merman et al. (2018), Simović (2018), Leorke et 
al. (2018), Bajic et al. (2008), Burgess (2010), 
Dean et al. (2010) and Pan (2010). The Rus-
sian pool of works is represented by a limited 
number of researchers, such as Ivshina (2017), 
Vasilieva (2016) and the works of researchers 
from the Siberian Federal University including 
Noskov et al. (2017) and Baryshev et al. (2014, 
2018). These authors contend that a smart li-
brary should be user-centric, that is, capable 
of automatically capturing and understanding 
the user needs and providing corresponding 
resources and services. Smart library systems 
enable libraries to become more interactive, 
adequate and user-friendly.

The smart library collects information 
about its users, analyses their biographical 
data, inquiries and search history. The infor-
mation about the user available at the library is 
the context in this case. This information has 
dynamics determined by the changing status 
of the user (e. g., transition from one year of 
study to another, admission to a postgraduate 
or PhD programme etc.), personal interests and 
information demands connected with learning 
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and research activities and hobbies that also 
change over time (Zadorozhnyuk et al. 2018). 
The dynamic context determines content 
changes in the library information offered to 
the user. Tracking the dynamics of the user’s 
information demands, the smart library search-
es for and provides the information relevant to 
meet these demands without waiting for the us-
er’s enquiry (Baryshev et al., 2015; Baryshev, 
2016). It has a positive impact on the develop-
ment of the user’s information demands.

Besides, the smart library can offer a wide 
range of additional services, including the list 
of specific authors’ publications, citation data, 
reviews available for the requested work, the 
list of other works on the topic etc. This inte-
grated approach with the reader is beyond tra-
ditional library work and characterises its more 
active position.

Zhang at al. (2018) argue that the core of 
the smart library is the integration of books 
and related data, as well as digital and space re-
sources, based on the realisation of the compre-
hensive informatisation of the library. Using a 
large data intelligent analysis platform, library 
management services are intelligent and per-
sonalised, and the readers’ needs are prioritised 
to improve their experience.

A review of domestic and foreign sources 
has shown that researchers’ interest is directed 
to aspects of the smart library activity of higher 
education institutions that are connected with 
the support of the educational and scientific 
activity of students and employees. The devel-
opment and expansion of library educational 
functions, as well as support for users’ scien-
tific activity, including students’ independent 
work, are widely discussed. A new theory and 
methodology are required to update the con-
ceptual basis of library activity; in this case, it 
is necessary to create a new model library of a 
university called smart library.

Literature review
The concept of Smart Library

We will analyse the concept of SMART 
from the perspective of a modern university 
library. The mnemonic abbreviation SMART 
is formed by the first letters of the following 
English words: S  – ​Specific, M–$5easurable, 

A – ​Attainable, Achievable, R – ​Relevant, T – ​
Time-bound (Ivshina, 2018).

Zimmerman et al. (2018) observe that the 
term ‘smart library’ was coined by Aittola, Ry-
hanen and Ojala in 2003, and librarians have 
been striving to implement smart libraries in 
different ways ever since. The term first ap-
peared in the academic corpus in 2003.

The term ‘smart library’ appears in var-
ious contexts as a synonym for the concept 
of an ‘intellectual library’, ‘digital library’ or 
‘virtual library’ (Baryshev et al., 2018). The 
term ‘smart’ means flexible, adaptive, extend-
ible, acknowledging and human. The smart 
library is a hardware and software complex 
with a wide range of opportunities for search-
ing and providing necessary information to 
virtual users according to their inquiries and 
requirements. Another definition of the smart 
library is of a library that provides services 
that are interactive, innovative, informative, 
real, changing and international (Baryshev et 
al., 2015).

Shen (2018, 2019) stated that there are 
three future scenarios of smart libraries, in-
cluding the digital octopus, smart village and 
virtual assistant concepts, which are detailed in 
the following narrative. In the first concept, the 
library acts like an ‘octopus with a central head 
and multiple tentacles’ reaching out; pulling 
all the data, expertise and knowledge back in; 
and bringing them together. Here, the library 
is conceptualised as a distributed system em-
bedded within the cyber–physical–integrated 
environment to collect data and combine in-
formation, push these back and forth and com-
municate them across the user. In the smart 
village view, the library will be the ‘heart’ of 
all data, bridging gaps between users situated 
on the different spectrum and dimensionality 
of data workflows. It will function as a central 
hub for data gathering, processing, sharing and 
communication. In the third scenario, in an 
age of both information overload and siloed 
systems, aggregating and accurately reporting 
on research output are challenging objectives. 
Struggling to function under conditions of 
electronically mediated data and information 
overload, researchers look to the smart library 
and information solutions. Such solutions can 



– 430 –

Ruslan A. Baryshev. From Electronic to Smart Library Systems: Concept, Classification of Services, Scheme of Work…

spontaneously self-assemble constituent pieces 
of data into a knowledge package with a partic-
ular property and then bring it to the individual 
with the relevant interest.

Schöpfel (2018) stated that the smart li-
brary concept can be understood as an ap-
proach that introduces consistency into several 
recent ‘modern’ library developments in the 
urban environment.

Mohapatra et al. (2017) observed that due 
to the use of smart technologies in modern li-
brary systems, they are able to provide smart 
services to users, thus becoming smart librar-
ies.

Li et al. (2016) argued that smart library 
refers to the smartness of the library building – ​
the integration of library building equipment, 
computer networks, communications technolo-
gy and sensor monitoring.

Dong Yan (2010), a Chinese scholar, be-
lieves that smart library = library + IoT + cloud 
computing + intelligent equipment, realising 
intelligent services and management through 
Io T. Shiwei Wang (2012) believes that the 
smart library is based on digital; network and 
intelligent information technologies focusing 
on collaborative management; ubiquitous ben-
efit service and green, sustainable development 
of the future library.

Schöpfel (2017) notes that the smart li-
brary is a mixture of information technologies, 
mobility, digital nomads and local community. 
Its concept may be helpful to consider academ-
ic libraries from ‘outside’ as a challenge for in-
novative concepts based on local resources and 
history, while at the same time, experimenting 
with new digital services, instigating (not only 
suffering!) new uses of information and knowl-
edge, and combining data management and 
grid architecture with modern lifestyle.

Wang (2011) noted that a smart library re-
alises the associations between books, between 
books and people and between people any-
where and at any time. Digitisation, network-
ing and intelligence are the informational and 
technical basis of the smart library. The smart 
library is people-oriented, with sustainable de-
velopment and user convenience at its heart, 
and aims to satisfy the increasing information 
requirements of readers.

Wu (2012) supposed that a smart library 
is a more advanced development of the hybrid 
and digital libraries. Within the environment of 
the IoT, the smart library relies on cloud com-
puting technology and intelligent equipment; 
understands the book–book, book–people and 
people–people associations; and provides intel-
ligent services for users.

Yan (2010) asserted that the smart library 
is a model of a smarter way to change the 
interactivity of users and library systems by 
using a new generation of information tech-
nology to improve the clarity, flexibility and 
responsiveness of the interaction, smart ser-
vices and management. As for the services, 
they must meet user needs, and be user friend-
ly and automatic

Luterek (2018) viewed smart library sys-
tems as enabling library users to retrieve infor-
mation based on what they mean rather than on 
what they say.

Wang (2017) wrote that the smart library 
is a higher development form of library, after 
the digital library and the compound library, 
which rely on sensors, cloud computing and 
other technologies to achieve interoperability 
between books and readers to provide a full 
range of smart services. Besides, he wrote that 
the smart library is a kind of intelligent con-
struction applying intelligent technology to the 
library construction. It is the organic combi-
nation and innovation of intelligent buildings, 
highly automated management and the digital 
library.

Review successful cases regarding  
the smart library

The smart library, described by Hubert et 
al. (2018), is divided into four sections, name-
ly, intelligent and organised, apomediated and 
personalised.

•	 Intelligent. The library is intelligent: 
self-renewing, flexible, functional, integrated, 
efficient, resilient, autonomous and sensitive 
(adaptive).

•	 Organised. The library is organised: 
turning the unorganised web of information 
into a systematic and useable body of knowl-
edge by exhaustively describing and linking 
every piece of data to enable ease of access.
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•	 Apomediated. The library is apomedi-
ated: the library stands by the users and guides 
them to high-quality information and services.

•	 Personalised. The library is person-
alised analogously to what various service pro-
viders such as search engines and the media 
offered their clients on various Internet plat-
forms.

Aithal (2016) wrote that in the smart li-
brary, all library functions are automated and 
a central library will digitise all the informa-
tion and provide services to all public and ed-
ucational and research institutional libraries 
in e-form. These local libraries should have 
electronic reading systems to retrieve any in-
formation based on search facility to the read-
ers. Such local client libraries will become pa-
perless systems. This concept transforms local 
libraries into e-resource centres. A user can get 
access to any information through e-books, e-
newspapers, e-magazines, e-journals and their 
back volumes through the search facility. Such 
smart libraries have advantages in terms of re-
duced cost to maintain resource-full libraries 
without any physical copies of the resources. 
A developing country should have such smart 
libraries to cater to the information needs of its 
citizens. Depending on the smart library mod-
el, either the national government can spend on 
the national central smart library or through 
subscription fees to all local client libraries or 
users, the system can generate its revenue for 
maintenance.

In the smart library system, the client li-
braries act as electronic information resource 
centres networked with the national smart li-
brary through internet or private networks. 
Such client libraries functioning in educational 
institutions by replacing conventional libraries 
can be termed information resource centres 
(IRC). IRCs will provide huge benefits to ed-
ucational institutions as well as users (faculty 
members and students) because of unrestricted 
information availability and reduced cost. This 
new model will also remove the constraints of 
unequal sharing of library resources between 
rural and urban institutions.

Cao et al. (2018) distinguishes between 
similar types of smart library and divides the 
concepts associated with the smart library 

building into three dimensions: technology, 
service and human. Aligning to the three main 
dimensions of smart libraries, the study clari-
fies the concept of the smart library and offers 
strategic principles: integration of infrastruc-
tures, construction of service and human learn-
ing. To summarise, the fundamental factors 
and key conceptual components of the smart 
library can be classified into three categories: 
smart technology (IoT, data mining and AI), 
smart service (user-centred service) and smart 
people (user and librarian).

Schöpfel (2018) has pointed out that the 
smart library can be described in four dimen-
sions: smart services, smart people, smart place 
and smart governance.

Wang (2011) wrote in 2004 that several 
libraries, museums, universities and public li-
braries in Ottawa, Canada established a ‘smart 
library’ coalition using a single search engine 
to provide a one-stop reader service.

Hui (2018) pointed out that the smart li-
brary model is used to build a mobile reading 
promotion platform. The platform combines 
library and university library resources, and 
uses the smart library model and a full cov-
erage WiFi communication network to realise 
the construction of a mobile reading promo-
tion platform. There are five main elements 
of library reading promotion, namely, reading 
resources, reading promotion subjects, reading 
promotion media, reading promotion activities 
and readers.

Zhang et al. (2019) wrote about the Smart 
Discovery Platform – ​Watson. Watson is a ro-
bot developed by IBM that ‘reads’ about 200 
million pages of content and can retrieve hun-
dreds of millions of pages of material and give 
answers within 3 seconds, effectively helping 
readers quickly using a little data.

Pandey (2018) proposes a smart solution 
for libraries in Oman by designing an appli-
cation called the Smart Library Management 
System by using the concepts of Radio Fre-
quency Identification (RFID) and Mobile Io T. 
The new system will manage and control all the 
information in the library as well as providing 
several benefits for the staff and students. This 
application includes several forms that will be 
used by the library staff and students. As a case 
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the requirements have been gathered at Middle 
East College, Muscat and Oman Library and 
then the study is done.

However, the above-mentioned research 
papers do not examine the aspect of moderni-
sation of the university library as a smart sys-
tem of the information and educational envi-
ronment; besides, the library possibility is not 
considered to build an individual trajectory for 
a reader in his/her educational or scientific ac-
tivities using modern services.

Research Methodology
Research objective and task

The research objective of this paper is to 
develop the system of theoretical and method-
ological provisions of the smart library inte-
grated into the information and education en-
vironment of the university.

According to the research objective, the 
following tasks are set and carried out:

1. Develop the conceptual bases and the 
model of the university smart library.

2. Offer the classification of the university 
smart library services by various criteria.

3. Carry out experimental verification of 
overall performance of the university smart li-
brary.

Research stages
The work carried out within the described 

research can be divided into three main stages.
In the first stage (2007–2009), a detailed 

analysis of scientific sources was carried out. 
The results revealed the existing approaches to 
the development of smart libraries in higher ed-
ucation institutions; the smart library concept 
was formulated.

In the second stage (2010–2013), the needs 
of the user were studied, theoretical and practi-
cal requirements and recommendations for the 
smart library model’s creation were developed, 
and the technology and technique for practical 
applications of the smart library in the educa-
tional process were defined.

In the third stage (2013–2017), the process 
of introduction and approbation of results was 
investigated, and experiments were carried out 
to check the efficiency of the smart library’s in-
troduction in the educational process.

Experimental base
The experimental base of this research 

comprised the Scientific Library of the Sibe-
rian Federal University (rendered hereafter as 
SibFU).

Classification of smart library services
The model of a smart library includes, ac-

cording to the authors, services which can be 
classified by two criteria: the types of activi-
ties (e. g., general services, scientific and ed-
ucational services) and the ways of obtaining 
information (e. g., traditional services, online 
services and smart services). The challenge of 
the services classification is that using infor-
mation and communication tools, they can be 
referred to all presented categories at the same 
time. For example, search for information, 
electronic document delivery, renewing books 
borrowed from the library, etc.

General services are focused on rendering 
traditional information and library services and 
include the following services: access to infor-
mation search, interlibrary subscriptions, elec-
tronic document delivery, ‘Book on demand’ 
or ‘Press on demand’, Ordering and booking 
editions, consultations (reference), virtual help 
service, antiplagiarism services, the list of ti-
tles borrowed from the library, history of book 
issue and the prolongation of book use.

Scientific services are aimed at the sup-
port of users’ publication activity and include 
a number of services from literature selection 
for writing a scientific paper to its publication 
in high-ranking journals.

A specific role is played by Educational 
services, which allow for analysing university 
teaching and methodological literature supplies 
on various disciplines in paper and electronic 
forms, as well as developing the maintenance 
of the teaching process at the university.

Thus, the presented groups of services in 
total meet the majority of information, scientific 
and educational demands of students and faculty 
staff. Developing and launching new library ser-
vices provides efficient access to bibliographic 
and full text domestic and international resourc-
es of the scientific library of SibFU with compli-
ance with the copyright and intellectual property 
protection laws. Besides, the automated system 
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redistributes workload between the library staff, 
affording working hours for developing their 
professional competences.

For the systematisation of the library ser-
vices and their representation in the model of 
the smart library, the authors of this paper have 
developed a classification based on two crite-
ria: library activities (Table 1) and the ways of 
obtaining information by the users (Table  2). 
Through library activities it is possible to de-
termine general, scientific and educational ser-
vices.

This list defines library activities, outlin-
ing the purposes and tasks of the university in 
organising the information and education en-
vironment. It has been mentioned above that 
a specific characteristic of the smart library is 

the ability to ensure an anticipated enquiry for 
providing information based on the analysis 
of the user’s information. This characteristic 
transforms a number of the existing services 
dramatically and allows to offer new ones. The 
library has already mastered a number of tradi-
tional services transferred to the online mode. 
The next step in developing the electronic li-
brary is the smart service.

We define the ways of obtaining informa-
tion as follows: traditional services; traditional 
services working online and smart services. A 
more detailed description of the technology of 
smart services is can be found in Tsibulsky et 
al.’s work (2017).

Thus, most of the services transfer from 
traditional one to online services, and by means 

Table 1. The list of the smart library services by the library activities

№  Name of services General 
services

Educational 
services

Scientific 
services

1. Access to information search +
2. Interlibrary subscription +
3. Electronic document delivery +
4. ‘Book on demand’ or ‘Press on demand’ +
5. Ordering and booking editions +
6. Consultations (reference) +
7. Virtual help service + +
8. Anti-plagiarism + +
9. Viewing the list of books borrowed from the library +
10. History of books issue +
11. Prolongation of books use period +
12. Literature on disciplines required +
13. Books supplies +

14. Selection of literature for the publication in scientific 
journals +

15. Scientific paper data visualisation +
16. Choosing a scientific journal +
17. Verification of a journal +
18. Forming a list of references +

19. Entering of the publication into the Russian Science Ci-
tation Index database +

20. Search for collaborations +
21. Verification of scientometric indicators +
22. Register for the consultation +
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Table 2. The list of services of the smart library by the ways of obtaining information
№  Name of the services Traditional 

services
Traditional 

services online
Smart 

services
1. Access to information search + + +
2. Interlibrary subscription + +
3. Electronic document delivery + +
4. ‘Book on demand’ or ‘Press on demand’ +
5. Ordering and booking editions + +
6. Consultations (reference) +
7. Virtual help service + +
8. Anti-plagiarism +
9. Viewing the list of books borrowed from the library + +
10. History of books issue + +
11. Prolongation of books’ use period + + +
12. Literature on disciplines required + +
13. Supply of Books + + +
14. Selection of literature for the publi-

cation in scientific journals
+ + +

15. Scientific paper data visualisation + +
16. Choosing a scientific journal + + +
17. Verification of a journal + +
18. Forming a list of references + + +
19. Entering of the publication into the Rus-

sian Science Citation Index database
+ + +

20. Search for collaborations + +
21. Verification of scientometric indicators + + +
22. Registering for consultation + + +

of information and communication technol-
ogies they become a smart service. This ap-
proach does not preclude all forms of services 
for the readers from visiting the library and 
borrowing traditional resources to obtaining 
information at any convenient time and at any 
place taking into account users’ inquiries and 
demands. Thus, the library provides an inte-
grated approach to formation and granting in-
ternational and domestic information resources 
and develops the services that allow the satis-
faction of users’ needs efficiently.

The implementation of innovative tech-
nologies and their synthesis with traditional 
services transforms library work; this acts as 
the crucial aspect of all service systems of the 
university library today. Introducing innova-

tions is aimed at meeting the users’ demands. 
The main objective is to provide users with 
necessary sources of information at any time, 
in any place and in any format.

Schematic difference between  
the working of electronic  
and smart libraries

The schematic difference between the 
working of electronic and smart libraries is 
presented in Fig. 1.

Figure 1 demonstrates that during the tra-
ditional work of the electronic library, the user 
addresses his/her personal account, which is 
a single point of access to all online services, 
makes inquiries, and thereafter services inter-
act with various elements of the library system. 
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Finally, all required resources or services are 
delivered to the user’s personal account.

This library works as a passive one be-
cause of the fact that the cycle of its activity is 
started by the user’s enquiry, and the delivery 
of required information is the final point of the 
cycle (see Fig. 2).

The electronic library becomes smart 
when the cycle of its activity is started be-
fore the user’s enquiry for information. In 
this way, a first-year student can find the 
recommended literature on the disciplines 
he studies in the first semester as soon as he 
authorises his personal account. There is no 
need to send any enquiry as the library, be-
ing a smart element of the information and 
education environment, collects all the data 
available about the student and gives recom-
mendations. When interacting with the user, 
the library is enriched with the information 
about the user; analyses the history of his 

requests and creates new, more personalised 
recommendations reflecting the user’s educa-
tional, scientific and leisure interests. In this 
mode of interaction, the library becomes not 
just a warehouse of resources but a guide on 
local and global information resources avail-
able; it is able to support and direct the user’s 
cognitive activity.

Smart library model
The general scheme of a smart library 

model is presented in Fig. 3.
Figure 3 shows that a reader has several 

opportunities to access resources: tradition-
ally, by means of addressing the enquiry to a 
librarian; via a computer in the reading room 
or via any device that allows entering a person-
al account no matter where the user is located 
physically. This system of access to resourc-
es includes the electronic directory of digital 
and printed resources, electronic directories of 

Fig. 1. Scheme of electronic library work

Fig. 2. Scheme of how the smart library works
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partner libraries and also subscription to other 
resources and databases.

When addressing a librarian the reader 
receives all the services demanded, but as he 
does not enter his personal account, the auto-
mated modules of the smart library do not re-
ceive the information about the reader and do 
not work in a streaming mode. When address-
ing the smart library via the computer located 
in the reading room, without authorisation, the 
user receives all passive services developed by 
a classical principle ‘a request  – ​an answer’. 
To this type of services the following services 
such the Verification of the Journal, Antipla-
giarism, etc. can be referred.

Logging into the personal account after 
authorisation starts the core function of the 
smart library, which first addresses all the con-
nected external data sources that store the in-
formation about the user and further addresses 
all internal information systems integrated into 

the university electronic information and edu-
cation environment. In the event of any chang-
es or new data about the user uploaded to the 
personal account, the library corrects informa-
tion services for the user. Then all additional 
modules and smart services are started conse-
quently.

All users’ inquiries and data on their activ-
ity in the system get to the module of studying 
information demands, then the model of a read-
er’s personal forms. Besides, being an element 
of the university’s electronic information and 
education environment, the library possesses 
the data on the reader from HR, educational 
and other departments. Also the library infor-
mation system has an opportunity to obtain 
data for the reader from external sources such 
as the WOS, Scopus, Russian Science Citation 
Index databases, etc. In the library information 
system, the listed data acts as information fil-
ters for information screening. Then the search 

Fig. 3. Smart library model
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of relevant information in internal and external 
resources which is provided to the user is car-
ried out.

Information is processed continuously 
(in a streaming mode): any activity on the part 
of the user or change of his status activates the 
search and provision of the updated data.

Thus, the user does not need to look for 
information, as the library itself selects the rel-
evant sources according to the personal data. 
Unlike the selective information dissemination 
service currently in use the smart library pro-
cesses information that arrives from the user in 
a streaming mode. The model of personal data 
is dynamically reconstructed when performing 
search queries. In this way, the library turns 
from acting as a passive store of information 
into an interactive partner. Anticipating the 
reader’s enquiry, the information relevant to 
the reader’s educational and scientific interests, 
hobbies and preferred leisure activities are se-
lected automatically.

Results and analysis
The smart library model is based on in-

formation resources. SibFU scientific library 
information resources are formed according 
to the main academic programmes and scope 
of scientific research. The analysis of statis-
tical data for the last five years shows con-
siderable reduction of printed editions from 
2,851,139 copies in 2014 to 1,967,543 copies in 
2018 (a fall of 30.9 %) with the a simultaneous 

10-times increase in the quantity of digital re-
sources for the last three years from 65886 in 
2016 up to 66191654 in 2018. Thus, the share of 
digital editions grows as well as the number of 
online media that do not have an analogue in a 
paper format.

Electronic editions provide a possibility 
of access to a necessary source for many us-
ers at the same time and electronic libraries 
are aimed at expanding the range of services, 
optimising the library stock organisation and 
providing new services. They implement the 
main principle  – ​‘information here and now’, 
and the trend of active electronic editions ac-
quisition and preservation of printed ones will 
be supported further.

Readers are very important for the library 
activity. Statistics shows that every year the 
number of remote users increases. The number 
of the library readers and users of its services 
is given in Fig. 4.

The efficiency of the library work is de-
fined by its attendance rate by different mea-
sures (Fig. 5). It is possible to note that the 
number of physical visits to the library has de-
creased for the recent four years from 542,628 
in 2015 down to 223,175 in 2018 (down by 2.4 
times). At the same time, the number of users 
addressing the library website has increased 
from 138,413 in 2016 up to 380,981 in 2018 
(up by 2.75 times).

With the increase in the number of remote 
users, the number of issued documents (see 

Fig. 4. Numbers of SibFU Scientific Library users
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Fig. 6) in digital form also grows. The data on 
the use of electronic resources presented in 
Fig. 6 are taken from the IRBIS automated li-
brary system. As for the statistics of the use of 
electronic resources from remote databases, it 
also shows positive dynamics of growth (2018–
409944 docs, 2017–353003 docs, 2016 312009 
docs). Today libraries offer their users differ-
ent types of editions. Due to new technologies, 
information resources become available to all 
users. Students, scientists, faculty and admin-
istrative staff have an opportunity to take ad-
vantage of remote access to resources accord-
ing to their information needs.

The general issue of documents in 2014 
amounted to 1,165,766 items from the library 
stock, and by 2018–379,938. Statistical data 
show that the number of printed editions issued 

has been reduced by 3 times, while use of elec-
tronic resources has increased by 3.5 times.

Within the smart library an element of ser-
vices has been created for automated support 
of the university staff scientific and publishing 
work. Therefore it is possible to present results 
of SibFU staff scientific activity in the forma-
tion of information resources. For the past five 
years the number of scientific publications has 
grown considerably. At the same time it should 
be noted that not only a quantitative, but also a 
qualitative component of the university’s pub-
lishing activity has increased (see Fig. 7).

As a result of publications in high-ranking 
scientific journals, the recognition of the Sibe-
rian scientists abroad has increased, as has their 
citation rate. From 2014 to 2018 this indicator 
almost doubled from 8868 to 20923 citations. 

Fig. 5. Attendance rate of SibFU Scientific Library

Fig. 6. The number of issued documents
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The data on citing SibFU academic output are 
given in Fig. 8.

The received results allow us to conclude 
that the efficiency of the electronic resources 
use increases that allows satisfying the library 
users’ inquiries to a full extent and support ob-
taining information quickly. Thus, the modern 
library transfers to a new stage of its develop-
ment. On the one hand, it provides access to 
information resources that belong to other 
subjects of the information environment; on 
the other hand, it creates electronic resources 
available beyond it is the physical walls of the 

library. Besides, it renders virtual services in 
search for information and knowledge.

Besides, the readers have been asked what 
services of their personal account at the univer-
sity library website they use. Only 50 % of re-
spondents use their personal accounts, 14 % do 
not know about this service, 19 % know about 
it but do not use it and 17 % have ignored the 
question. In most cases the reader address their 
personal accounts to check what books they 
have borrowed and the deadlines on their use.

Next, the respondents have been asked 
to assess the quality of personal account ser-

Fig. 7. SibFU employees’ publishing activity

Fig. 8. SibFU employees’ citation rate
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vices on a four-point system: satisfied; satis-
fied, but not completely; often not satisfied and 
not satisfied. According to their assessments it 
is possible to note that most of them are sat-
isfied with the personal account services. For 
instance, 100 % of the respondents are fully 
satisfied with the ‘My library account’. They 
also have given good points to the following 
services: ‘History of books issued’ (89.4 %), 
‘Literature on academic disciplines’ (76.6 %), 
‘Verification of a work in Antiplagiarism sys-
tem’ (74.1 %). The survey has shown that the 
respondents who use their personal account 
services are satisfied with them in general.

To improve the library work the respon-
dents had to propose necessary, in their opin-
ion, new services. When they have replied the 
question about what extra library services they 
would like to use, most of them (78 %) have 
replied that they are satisfied with everything, 
22 % have noted that they would like to get 
SMS or e-mail notification about the deadline 
of the borrowed books use and information 
about new arrivals and events held in the li-
brary.

To improve the library work the respon-
dents have been asked the question what extra 
services should be included to their personal 
accounts. The respondents (87.2 %) would like 
their personal account space change automat-
ically according to their personal preferences 
and the resources used before. The new service 
of automated submitting of information for re-
search work has been supported by 59.8 % of 
the respondents.

Thus, SibFU Scientific library users are 
satisfied with the library services in general. At 
first glance, the survey results show a high lev-
el of satisfaction and, therefore, it can be con-
cluded that the information needs of the reader 
are met to an acceptable degree.

Discussion
The main research results consist of the 

following provisions:
1.	 The concept of the university smart 

library considered a system of providing infor-
mation services to the reader in any form and 
on any medium, on the basis of classical and 
network forms of smart services, is approved.

2.	 The classification of services on vari-
ous criteria, such as library activities (general 
services, scientific and educational services) 
and the ways of obtaining information (tradi-
tional; traditional implemented online services 
and smart services) has been developed.

3.	 The scheme of the university smart li-
brary has been presented.

4.	 The model of the university smart li-
brary is constructed representing the complex 
system including elements of various proper-
ties and difficulties and has the following ad-
vantages:

a)	 the user avoids the need to review 
large amount of information on their own in 
search for relevant information according to 
their interest;

b)	 the library offers information from 
sources that the user may not be aware of and 
therefore would never request. For example, the 
user can get articles from previously unknown 
journals, interdisciplinary information, books 
and monographs;

c)	 the library informs the user about up-
dates related to their interests, new arrivals and 
published articles, eliminating the need for in-
dependent reviews;

d)	 anticipating the request, the library of-
fers information that can go beyond the actual 
needs, creating a ‘zone of immediate develop-
ment’ of interests and information needs of the 
user;

e)	 being active, the library can ‘lead’ the 
user, build a strategy for learning a discipline, 
a subject area, get scientific knowledge;

f)	 the library can select information and 
present it in the most convenient form for a par-
ticular user in the form of a text, audio, video, 
animation;

g)	 as a result of continuous analysis of 
the user’s data, the information presented to the 
user will be individualised, and in some sense 
will be a reflection of the user’s individual and 
personal characteristics.

Findings and conclusion
This paper emphasises the need for a li-

brary to be flexible and be able to adapt to 
changing needs and new technologies. The top 
priorities for all libraries are ensuring greater 
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use of new technologies and interactive com-
munication. The latter is possible with the help 
of smart library. A new library information 
environment has been developed and integrat-
ed into the university information space, pro-
viding qualitative information support for the 
teaching and learning process and scientific 
work.

The services presented in the current pa-
per do not comprise a full list of possibilities 
offered by the smart library computerisation 
and automation. The system development 
works are being continued in the direction of 
the research papers’ collection and aggrega-
tion, taking extensive references to resources 
and the improvement of search engines into 
account.

A full-featured smart library is a virtual 
space for users precluding the need for multiple 
authentications, integrating all the information 
services and resources of the SibFU Scientif-
ic Library and providing controlled access not 
only from the university network but also from 
the wider Internet. In addition, the smart li-
brary can be regarded as a functioning system 
of interaction and information exchange among 
the automated systems of the Library and Pub-
lishing Complex, the automated learning man-
agement system and integrated educational 
environment. By means of the smart library, 
librarians can organise their services to virtual 
readers and maintain access to library services 
for the population of Krasnoyarsk region in a 
more efficient way.
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