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Abstract—The general problem of creating and using encyclopedic knowledge in the digital civilization is
considered. The creation and use of a digital encyclopedia are an example of intellectual activities of a collec-
tive expanded personality. The basic principles concerning the creation and functioning the “Digital ark of
knowledge” at Lomonosov Moscow State University are described in the case of mathematical sciences. The
arising problems and their solutions are discussed.
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1. INTRODUCTION
It was noted in [1] that the development of human-

kind can be characterized by information revolutions.
These revolutions were determined by the appearance of

• consciousness,
• speaking,
• writing,
• automation of intelligent activities—artificial

intelligence.
Each of the revolutions was accompanied by

changes in the ways humans think, communicate, and
act. We can say that each of them expanded the human
consciousness and personality [2, 3]. Simultaneously,
each of the revolutions led to a reduction, sometimes,
disappearance of certain forms of activities and related
human abilities, as was noted by Vygotsky [4–6]. In
relation to the appearance of writing, this was men-
tioned by Plato in his dialogue Phaedrus, referring to
(nonliterate) Socrates [7].

The concept of expanded personality is a fruitful
metaphor for

• description of a modern human as a participant
of productive, social, and economic relationships;

• design of educational objectives and contents
and the assessment of educational results.

The last of the listed revolutions began about 100
years ago within mathematics. Specifically, mathema-
ticians, having begun to construct formal mathemati-
cal systems describing mathematical reasoning and
S1

a Faculty of Mechanics and Mathematics, Lomonosov Moscow 
State University, Moscow, Russia
b Moscow Institute of Physics and Technology (National 
Research University), Dolgoprudnyi, Moscow oblast, Russia
*e-mail: alsemno@ya.ru
mathematical communications, eventually con-
structed a universal formalization of intelligent activi-
ties as a whole [8]. Due to the achievements in natural
sciences and technology, this formalization material-
ized in the computer created in the first half of the 20th
century. Today, progressively growing segments of
intelligent activities are passed by humans to comput-
ers, starting with rational elements, such as the solu-
tion of computational problems, including numerical
simulation and computer algebra. In the 21st century,
the soaring growth of digital technologies has led to
the automation of intuitive human activities—
machine learning—which is often identified with arti-
ficial intelligence as a whole. We will not get into a ter-
minological discussion here.

Revolutionary events also occur within the revolu-
tion of artificial intelligence. The most important of
them is the accumulation of information in a common
space, its universal availability, and the organization of
simple access to it. This “subrevolution” of knowledge
(similar to Gutenberg’s subrevolution with the revolu-
tion of writing) was based on

• the Internet,
• mobile devices (smartphones),
• search engines.
Possibly, the next revolution will be based on a

direct “brain–computer” interface. Today, this inter-
face has been partially implemented in the form of an
assistive listening device for some types of hearing loss
(cochlear implants), visual prosthetics, and (still)
primitive transfer of nervous pulses to electronic
devices, in particular, for people with limited mobility.

The major, indeed revolutionary events of the 21st
century also include the start of fundamentally new
forms of collaborative intelligent activities, namely,
13
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the creation of a collective expanded personality. The
clearest and most convincing form of such activities is
Wikipedia.

2. CREATION OF WIKIPEDIA BY A 
COLLECTIVE EXPANDED PERSONALITY
Collections of knowledge about the world have

played a fundamental role in the development of sci-
ence, culture, and education. It suffices to mention
Komensky’s Orbis Pictus [9], a defining textbook with
pictures for children published in many languages, and
Encyclopedia of Diderot and D’Alembert, which marked
the Age of Enlightenment [10].

Wikipedia is a symbiosis of Humankind and Tech-
nology. It is a product of an expanded global human
personality, and it has become possible due to digital
technologies. Thanks to Wikipedia, human knowledge
is now available to most of the world’s population: in
fact, this knowledge is used by much more people than
all paper-based encyclopedic editions. Specifically,
the rate of use of Wikipedia is higher by several orders
of magnitude than that of paper encyclopedias.

The foundation for the social technology of Wiki-
pedia consists in its rules—pillars, reasonable con-
straints: encyclopedic character, neutrality, availabil-
ity, mutual respect, and the absence of strict rules.

Thus, Wikipedia is the most important mass
response of AI to the impossibility for individuals and
humankind to cope with the exponential information
explosion.

Serious difficulties and shortcomings of Wikipedia
that are critical to certain issues and communities
(some of them are discussed below) have only a slight
effect on its general importance.

3. USE OF WIKIPEDIA BY AN EXPANDED 
PERSONALITY

The most important effect of the Wikipedia project
is its active use by the world’s population. Otherwise,
the project would be, of course, senseless. Today,
when a scholar, writer, or cultural figure reads a lecture
in a large audience and refers to a certain unexpected
idea or little-known historic figure or uses a specific
concept, there appears a movement in the audience:
several people get out their mobile phones. This means
that the audience includes expanded personalities,
part of whose individual knowledge is encyclopedic
articles of Wikipedia. This was not possible in the pre-
digital era: did a curious young man in the middle of
the 20th century often refer to the Great Soviet Ency-
clopedia? Today, in contrast, even an average school
student, having received a task going beyond the scope
of the textbook, immediately looks up in Wikipedia.
Another important fact is that even elementary school
students can create and use their own micro-wikipe-
dias: collective knowledge about the surrounding
D

world (natural, anthropogenic, social) of students of
class (and, then, of school). This approach is used
in the draft course “Future world” for elementary
school [11].

Thus, today the above-mentioned subrevolution of
knowledge has covered a significant part of the world’s
population, which is much larger than the population
that was able to write in the 19th century (recall that
this fraction of the population in Russia did not exceed
15%). In fact, as was noted by numerous authors, the
idea of a knowing person has changed, which drifts
toward an expanded personality. Today, an example
reflecting this migration in the scientific discourse can
be seen even in Bachelor’s degree works [12].

It has happened repeatedly over the last century
that a technological achievement originated in the
West was then mastered and interpreted by China.
Baidu Baike, an alternative to Wikipedia created in
China on an authoritative basis, has quickly left
behind the global Wikipedia (see [13]).

Another phenomenon important for the global sci-
entific community is open access publications and the
culture of electronic preprints. An illustrative, yet
unique, example is Grigori Perelman, who has
received the highest mathematical awards for this-type
publications, which were not peer-reviewed (or
checked for plagiarism).

Finally, there is huge amount of professional liter-
ature on the Internet, often doubtful in terms of the
quality of digital images and ownership.

4. SHORTCOMINGS AND PROBLEMS 
OF WIKIPEDIA

Below is an example of criticism of Wikipedia taken
at random from the Internet:

“However, the main problem of Wikipedia is that
its moderators and administrators, being specialists in
wiki-labeling, are often not experts in the fields they
write about. To put it simply, they only compile infor-
mation from different sources in a single text. The
Wikipedia rules do not forbid a mechanic from the
state of Texas from writing articles about oncology
achievements in Russia, as an example” [14]. The
author of this publication pointed out not only the
shortcoming of Wikipedia being “too democratic,” but
also the possibility of exploiting this shortcoming for
improper, including personal or political, purposes in
contradiction to the original idea and ideology of
Wikipedia.

Remarkably, it is the original democratic idea that,
in many respects, has ensured the proof of concept of
this major sociotechnological project.

Today, the key problems of Wikipedia are as fol-
lows:

• differences in the level of motivation and qualifi-
cation of some authors (those who can write profes-
sionally do not write),
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• quality of articles,
• completeness of references and reference

sources.
Despite these problems, it is clear that today Wiki-

pedia has become a phenomenon that considerably
supplements digitized versions of conventional ency-
clopedic resources.

5. ARK OF KNOWLEDGE AND FEATURES 
OF THE PROJECT AT MSU

In the pre-digital era, great progress was achieved
in our country in the field of encyclopedic editions,
such as the Brockhaus and Efron Encyclopedic Dictio-
nary and the Great Soviet Encyclopedia (GSE) in three
editions. The Mathematical Encyclopedia [15], which
was created at the late Soviet period of development of
mathematics in our country, became a unique phe-
nomenon in the world. These words are supported by
the fact that the Encyclopedia of Mathematics of the
European Mathematical Society was created on its
basis [16].

The Great Russian Encyclopedia (GRE) continued
the tradition of GSE in paper format and, in the last
decade, in digital format [17]. For the professional
community, the collaboration with GRE provides an
opportunity to address the whole society and receive
state support. In what follows, the ongoing collabora-
tion of the professional scientific community with
GRE is described primarily by the example of mathe-
matics and information technologies.

Note that the Russian-language Wikipedia devel-
ops in parallel with GRE, and today it is among the top
five largest wikipedias in the world. The amount of
open access publications is also growing.

When we began our cooperation with GRE, we
faced the (worldwide) problem of low motivation in
professionals regarding writing encyclopedic articles.
The direct use of Wikipedia mechanisms would lead to
a decline in the quality of the result.

The following approaches were developed to cope
with this problem:

• The creation of articles is separated from the
other functions (order, review, and passing to GRE).

• The quality of articles is ensured by the profes-
sional community, by analogy with scholar journals,
dissertation councils, etc.

• An Ark of Knowledge is created, where working
materials are prepared and preliminarily placed and,
after their approval, are passed to GRE.

• Existing sources, primarily Mathematical Ency-
clopedia, are used as a basis.

• A convenient platform for collective work with
documents (wiki-editing) is placed on servers in the
Russian Federation and is technologically supported.

• Articles published in GRE are regarded as scien-
tific publications in leading journals.
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The structure of processes constituting the creation
of the encyclopedia and the participants of these pro-
cesses can be described as follows.

• A professional who has taken responsibility for
some field of knowledge from the professional com-
munity, namely, a university department head (trans-
fer of knowledge to new generations of professionals),
department head at a research institute (new studies
and results), chairman of an academic council (assess-
ment of others’ contributions), journal editor-in-chief
(presentation of new results to the community), acad-
emy member, or RAS professor (elected by the profes-
sional community):

s Receives an invitation to take part in writing
the Encyclopedia in his or her domain of expertise
from a reputable scientific source (e.g., a RAS depart-
ment); this participation does not assume writing arti-
cles in person, but means making a list of articles,
choosing authors, and reviewing written articles.

s Rejection or total disregard for the invitation
puts this professional outside his or her reference
group. An analogy is that rather few experts decline to
join the editorial board of an academic journal.

s Acceptance of the invitation means that the
professional, together with colleagues, shares the
responsibility for the completeness and quality of the
representation of their field in the Encyclopedia.

• The invited professionals in each field make up
an editorial group (EG) in that field (e.g., number the-
ory or geneticists), into which they can coopt col-
leagues, as a rule, having academic status (scientific
degree).

• Each EG member, unless there are any objec-
tions from the other EG members, can write an article
himself or can invite any author to write an article on a
subject from the EG field or put an open invitation to
write an article on the proposed subject on the EG
page.

• Everyone can write an article on a subject pro-
posed by some EG, or can offer his own subject and
submit an article to the Ark; moreover, this article can
also be put, for example, in Russian Wikipedia.

• A submitted article is placed in the Ark after it has
been approved by at least one EG member.

• Articles created in the Ark can be based (with a
reference) on those from the Mathematical encyclo-
pedia, GSE, Mathematical encyclopedic dictionary,
or open sources. The EG can propose that an existing
or revised article be placed in the GRE.

• Scientific editorial board of the GRE in a given
domain of knowledge, for example, mathematics,
sends existing articles from encyclopedic sources to
EG for placing them in the Ark and revising them. If
all EGs agree, an article is placed in the GRE, and a
corresponding reference appears in the Ark.

• Any member of the editorial group can propose
passing an article from the Ark to the GRE. An article
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having no objections from EG members is passed to
the GRE, a contract is signed with the author, the
authorship can be indicated in the GRE, and the
author gets permission from the GRE to publish the
article with a reference to the original source in part or
as a whole, in the original or as a translation into for-
eign languages, after publication of the article in GRE,
with a reference to the GRE.

If an authoritative scholar is invited by EG mem-
bers to write an article on the subject of his or her
expertise, the work on article writing can be organized
as follows:

• EG can make recommendations on the article to
be written, including, for example, the size of the arti-
cle version to be placed in the GRE, a list of questions
to be covered in the article, and information on related
articles in a possible network structure: more general
articles, references to the given articles, more special-
ized articles, and neighboring articles with possibly
overlapping contents. In the course of preparing an
article, the author can significantly deviate from these
recommendations, proposing alternatives.

• The author invites one or several colleagues and
students to write an article and gives a talk-interview,
using the list of questions proposed by EG. The listeners
also ask questions of interest. The talk is recorder (if nec-
essary, notes are made, formulas are written, etc.).

• The recorded talk is transcribed using, if neces-
sary, the resources of the Ark.

• The transcript and the record are processed by
the listeners, formulations are refined, formulas and
references are inserted, etc.

• The processing result is presented to the author,
who finishes the text; some of the listeners can be
added as coauthors, etc.

Thus, the following conclusions can be drawn.
1. The traditional structure underlying the Ark is a

professional community with its links, hierarchy, moti-
vations, etc., which have been built continuously for
centuries. Its members can lack resources or motiva-
tion for creating materials for the Ark on their own.

2. This structure is strengthened by a wiki-commu-
nity, which is a neighboring structure expanding and
supplementing the professional community. The wiki-
community is dynamically formed by all people who
are motivated enough to enter the project. This com-
munity or its individual members can lack competence
or influence for creating an authoritative and qualita-
tive source of knowledge.

Our scientific and educational community pro-
vides an example of a balanced combination of tradi-
tional and digital mechanisms.

The quality of materials presented in the Ark and
GRE on a certain field of knowledge reflects the qual-
ity of scientific knowledge of professionals and their
interest in maintaining this quality. The number and
D

size of materials also reflects the interest of the wide
community in the given subject.

6. METHODOLOGY AND TECHNOLOGY
OF THE ARK

The ark represents a structure intended for contin-
uous network creation of network products for net-
work users using professional hierarchies to ensure the
required quality.

This structure can be regarded as a metaphor for
machine learning implemented in the sociotechno-
logical environment of a collective expanded person-
ality. In the corresponding “neural network,” there is
a layer of users of the developed contents, a layer of
developers—authors and editors, a layer of experts—
EG, and a customer layer—the GRE. We plan the pro-
cess of learning and improvements of the interaction
rules as part of functioning of the network.

The core of the platform is based on the wiki-sys-
tem developed at the Faculty and Cybernetics and
Computational Mathematics of Moscow State Uni-
versity. The choice of this type of software is explained
by its following advantages:

• A large number of remote users can work simul-
taneously.

• A detailed history of all editions of user-formed
information content is stored.

• Users can work with a thin client system, since
the software and information are stored in the central
kernel.

• A unified simple language of wiki labeling can be
used to form texts, including formulas.

• Hypertext documents and templates and the
organization of references are easy to create.

7. FURTHER DIRECTIONS 
OF DEVELOPMENT OF THE ARK

A further development of the Ark can include the
following directions:

• placement of archives of preprints similar to for-
eign analogues;

• placement of open access materials, for example,
educational multimedia courses and video hosting,
including interviews and memoirs concerning the his-
tory of mathematics and the history of science;

• placement of materials with different rules of
development and access;

• placement of learning management systems or
integration with them;

• a system of video conferences with automated
annotation and transcription.

EG can become active participants of publishing
online academic journals and various forms of expertise.
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8. CONCLUSIONS
The MSU scientific and educational project “Ark of

knowledge” is based on a digital platform developed at
Lomonosov Moscow State University. The platform
ensures that a nearly unbounded number of specialists
forming, developing, and supporting the unified network
structure can work simultaneously with databases.

The interface of the project with the Russian and
Russian-language community is the Great Russian
Encyclopedia portal.
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