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Abstract

The paper proposes to consider the possibility of using Blockchain technology to create a new
generation scientometric index that can take into account both the direct and indirect influence of the
authors of scientific works on the development of scientific thought as a whole. An example of a possible
model for implementing the calculation of the index is given, taking into account both the logic of direct
citation of the author’s works and the analysis of the entire chain of past and future publications using
the author’s ideas. The applicability of this method for assessing the effectiveness of publication
activities in the activities of both scientific organizations and individual authors is shown.
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1. Statement of the problem and purpose of the study

Currently, we increasingly hear that existing methods for assessing the publication activities of
scientists [1] are very subjective [2]. Moreover, due to the increasing spread of the approach to
assessing scientific activity based on the calculation of formal quantitative indicators, in
particular, the use of the increasingly popular “Hirsch index”, when financial decision-making
begins to depend on its presence and, accordingly, value, Manipulative approaches to managing
such indicators are also emerging [3]. It is no secret to anyone in the scientific community that
such a formal quantitative approach to assessing scientific activity carries a number of
shortcomings [4], and, to some extent, even contradicts its own purpose, in particular in ensuring
transparency in comparison to scientific contribution of various authors to a particular area of
scientific activity [5]. At the same time, the number of ways to achieve growth in cherished
indicators is only growing - from very dubious [6] to completely worthy of attention [7]. Although,
of course, the very idea of creating the H-index is very positive and, in the long term, is quite
capable of providing an assessment for the best of the best [8], but, nevertheless, the need for
new approaches is becoming increasingly urgent [9].

2. The main material of the article

In connection with the above, the purpose of this study is to propose a model for assessing the
contribution of authors of scientific works that would allow the assessment of such contributions
in the long term, and would also be maximally protected from manipulations that could in the
short term obtain the maximum quantitative assessment of “scientific activity” not creating
significant (at least from the point of view of “interest of the scientific community”) results.
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Therefore, the objectives of this study are the following:

1. Define long-term “success factors” for published scientific output;

2.  Conduct an analysis of modern mechanisms that facilitate taking into account such

factors;

3. blockchain technology ) to create a new index of accounting for the scientific contribution

of authors, taking into account the previously cited long-term “success factors”;

4. Determine restrictions on its use;

5. Provide appropriate recommendations for use.

Research results. To determine the long-term “success factors” of published scientific results,
it is proposed to consider the following value creation model proposed by A. Osterwalder [10]:
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Figure 1: Osterwalder’s value proposition model (based on [10])

For each of the blocks of the model, when modifying it for the purposes of this study, we will
consider the following parallels:

e  Customer Job (s) - A set of actions that must be performed by the author (team of authors)

of a scientific work for its publication, including the process of preparing the work itself, its

design, reviewing, editing, recording in scientometric databases, etc.

e Gains - The activity of the author (team of authors) that brings him the greatest

“satisfaction” (“benefits”, “values”) from specific elements of the entire process of scientific

activity, including the growth of quantitative indicators (citation index, impact factor, etc.) .

e Pains - The activity of the author (team of authors), which brings him the greatest

“inconvenience” (leads to loss of “benefit”, “value”) from specific elements of the scientific

process (or the need for its administrative, etc. support), including loss of time , the need to

check the correct and timely reflection of indexes in accounting systems, etc.

e (Gain creators - Supporting processes (including everything that can be associated with

external support - both from the organization and other surroundings of the author), capable

of maximizing “satisfaction” (“benefits”, “values”) from both specific elements of everything

the process of scientific activity, and to obtain the final result.



e Pain relievers - Auxiliary processes (including everything that can be associated with

external support - both from the organization and other surroundings of the author), capable

of minimizing the “inconvenience” (leading to the loss of “benefit”, “value”) from specific
elements of the process of scientific activity (or the need for its administrative, etc. support).

e  Products & Services is a set of properties of the “new science citation index”, which allows

maximizing the benefits from the process of scientific activity, as well as minimizing the

negative factors associated with such activity (for example, as noted in [4]) .

As modern mechanisms that help take into account the above factors, it is worth noting, along
with the SCOPUS project [11], such Internet resources as Researchgate [12] and Google Scholar
[13], as well as the Academia project [14].

All of these above tools also offer their own vision of quantitative assessment based on the
calculation of the Hirsch index, and Researchgate also offers the calculation of this index both in
the classic version and without taking into account self-citations in the author’s works.

In order to fully take into account, the proposed factors, the authors of this study propose to
use a technology such as blockchain [15].

Currently, the idea of using this technology in scientific activities is not something
extraordinary. At a minimum, it is worth noting not only the emergence of “concept” notes [16,
17, 18, 19, 20], or detailed concepts supported internationally [21], but also the emergence of
projects aimed at creating products for the scientific community [22, 23, 24, 25]. Moreover, some
of the projects have already found their audience and offer already developed blockchain- based
services [26, 27], and the budgets being discussed can probably blow the imagination of any
rector (and maybe even a minister whose “department” includes science management) in the
post-Soviet space [28].

However, almost all implementation examples considered by the authors of this study have
their limitations on the use of their products; moreover, no “encroachments” on the power of the
H-index in the scientific community were explicitly found, despite proposals even from “scientific
coins” [29-31];

To develop the proposed concept, the authors took the idea expressed by Eugene Garfield [32],
the famous author of the first Science Citation Index, which he and his colleagues created in the
USA back in the early 60s of the 20th century and is now known as the Science Citation Index (
SCI ), who is also called the “grandfather of Google” [33] that “Citations are a reward system, a
bargaining chip with which we pay our colleagues.” The technological part of the model is based
on the ideology of blockchain technology itself, described briefly in the main conceptual “primary
source” for all “electronic money” proposed for the first time for Bitcoin [34].

The continuation of Garfield's statement above - “Failure to cite the sources used in the work
is a form of plagiarism” could well be rephrased as “Failure to cite the sources used in the work
is a form of robbery”, if this is also considered from sides of copyright and intellectual property
protection. On the other hand, why not protect this “wallet” using modern technology? Why not
make this “bargaining chip” way not more tangible, but at least “calculated” and provide each
author - both in the present and even in the past and future with his own “wallet” and start
keeping records of it ( "scientific wallet") contents? And why not create a scientific index based
on this content? For example, the “scientific wallet” proposed by the authors of this study is
SciWallet, which could thus become a new scientific citation index.

General description of model elements:

e  Scientific work (publication) = “block”;

Author citation = "chain";

Article writing = "mining";

Accounting for citations = replenishment of the “scientific wallet”;

“Wallet” = an index of the scientific value of the author’s (and therefore the author’s)
work, currently the most recognized is the “Hirsch Index”, supported by SCOPUS;

e  “Verification body” for publications = an organization that assigns DOI to a specific
publication (for example, based on the functionality of the Researchgate portal);



e  “Verification body” for authors = the organization that carries out the identification of the

scientific worker, for example ORCID [36].

In order to draw parallels between the capabilities of blockchain and the needs in the field of
scientometric activities, let us turn to the description of the technology [15]: Blockchain is a
distributed ledger of records of events in the digital world. The key component of the blockchain
is the transaction log, and transactions themselves are the only way to change the state of the
ledger. The key properties according to [15] are the following four parameters, each of which can
be adapted for the needs of scientometric activities:

1. A transaction can be completed either to completion or not at all (“hanging” the operation
in an intermediate state is unacceptable). However, entries in the transaction log can only be
made with the consent of the majority of network participants.

Proposal of the authors of the article: a transaction (recognition of a “block”) is considered
“complete” only after publication in the appropriate publication (for example, a scientific
publication included in the corresponding scientometric database), and only if the “block” is
assigned an identifier (DOI), as well as the author has his own identifier (for example, ORCID).

2. An important feature of the transaction log in the blockchain is its immutability. This
property means that you cannot silently remove a transaction from the log or add a new one in
the middle of it.

The authors of the article propose: use this feature to verify the authenticity of the “block”.

3. The property of immutability is achieved through cryptographic techniques, and not
through trust in the organization or people. The two simplest cryptographic algorithms used in
blockchain are hash functions and electronic signatures, which ensure the integrity of
transactions and are responsible for authorization.

Suggestion of the authors of the article: use the DOI and ORCID functionality.

4. Although the blockchain is a distributed system, and each node can generate transactions,
this does not mean that all participants in the blockchain network have equal rights - in almost
any implementation of this technology, a distribution of roles has been introduced into validators
(participants who write transactions in the journal), auditors and easy clients. Moreover, this
division is true not only for private blockchains but also for public blockchains, such as Bitcoin.

The authors of the article propose: to consider the editorial offices of scientific publications
(journals) as “validators”, representatives of scientometric databases (for example, SCOPUS) as
“auditors”, and the actual authors of scientific works as “light clients”.

When preparing proposals for using the properties of blockchain, the authors used the
properties, as can be seen from the text, primarily described in relation to the “first generation”
of the commercial implementation of this technology - the creation of “bitcoin”. On the other hand,
the system can be more complex, for example, when a larger number of information sources are
interconnected (in our case - information about co-authors, keywords, data about the journal in
which the publication was made, etc.). In this case, as noted in [37], more complex functions can
be used to combine hashes obtained from processing data blocks (article structure) and obtaining
the resulting hash (integral publication score):

Resulting hash
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i

Figure 2: Operation of a binary function (according to [37])
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Moreover, if we take into account, as noted in [38], that there are two types of chain: Public
Blockchain - an open, expandable database. This type of blockchain is used in the Bitcoin
cryptocurrency. Each participant can write and read data, as well as a Private or private
blockchain, which has restrictions on writing/reading data, in which case priority nodes can be
established. A subtype of Private Blockchain is an exclusive blockchain. In such a chain, a group
of individuals is established to process transactions. In the context of the presented research, this
allows us to build both open (and, accordingly, free) models of this kind of “wallet”, and closed
(and, accordingly, paid) models. For example, "Public SciWallet " could be considered for use in
Google Scholar (or similar open platforms), and "Private SciWallet " could be used in
scientometric databases such as SCOPUS.

As a very minimal model of a “block” that could be built into blockchain technology, consider
the following structure:

1. Job title;
2. Information about the author(s), including the ORCID of the author(s);
3. Publication DOI;

4, Publication date information;

5. Information about the sources used, including the DOI of such sources.

The logic of the work is as follows - any publication that is a member of the SciWallet system,
in case of citation, “receives” X points, which are distributed both among co-authors (if any) and
between publications (and subsequently between the authors of such publications) that were
used in the preparation of the work itself.

[t is possible to use a system of “weights” for distribution both among co-authors and among
sources, with each source being considered as another “co-author”, regardless of the number of
authors of such a source. To determine the number of points itself, a system of
increasing/decreasing coefficients can be applied depending on the “quality” of the publisher in
which the work referencing the publication calculated in the model was published. In turn, the
“points” obtained in this way are distributed among the cited works and their authors.

For example, if X = 100, one author and nine sources used, in the simplest version of the model,
which can simply treat the contribution of all participants as “equal”, then 1/10, i.e. 10 points are
“transferred” to the account of a specific source publication, which, in turn, are distributed in a
similar way within the co-authors and sources of the cited publication.

In this case, it is possible to provide a “score” in the form of that same “bargaining chip” for
those publications that were not directly indicated by the authors of the publication calculated in
the model due to the fact that such works served as sources for those publications that were
directly used by the authors of the work. sources of the publication in question. In such a model],
the number of “points” for each publication, as well as for each author along the entire chain, can
be taken into account. In this way, each "block” can include the information necessary to be
included in the "publication blockchain ".

Moreover, to “start” such a system, it is possible to provide for the provision of an initial
“credit” to each first-time registered author so that he “repays” his “debt” to those authors whose
work he has already used, regardless of the possible replenishment of his own SciWallet. To
ensure a more reliable assessment, an additional rule can be introduced - for example, in such a
system the author may not have a “displayed” public “index-wallet” until he makes the “first
contribution” to “predecessors” - works cited in the amount of a fixed volume corresponding to
the value of this primary “loan”, and only after that receive a public index in the form of the
“balance” that has developed at that moment. With this approach, however, it is also possible to
obtain a negative balance for the “scientific contribution” of such an author.

Despite the apparent simplicity of this approach, this model, according to the authors, can
provide a truly objective quantitative indicator of the “scientific contribution” of the author, and
will effectively motivate authors to be responsible both for the content of the works proposed for
publication and for the choice of the publisher, and also to promote the results of their research
in the professional community.

An obvious obstacle to the implementation of the proposed model is the incomplete coverage
of both authors and publications themselves with digital identifiers.



Of course, further improvement of the proposed model will require serious consideration of
the best practices that have been developed in world practice, in particular, as was done in the
dissertation work [ 35], although as of 6 years ago. On the other hand, it is already possible, taking
into account the possibility of obtaining data from existing scientometric databases, to conduct a
pilot project to create a prototype of such a model based on real data.

3. Conclusions

As can be seen from the results of the study, we are on the verge of big changes. Moreover, these
changes are inevitable, if only because too many initiatives in this direction have already started.
As noted in [15]: “It is safe to say that new projects on the blockchain will be based on its main
advantages - openness, security, safety. Therefore, blockchain will be a good help for any services
where users are concerned about the problems of fraud and the safety of personal data.”

As another evidence of the applicability of blockchain technology for the implementation of
the proposed model, we present the following figure:

Figure 3: Visual display of a decentralized Bitcoin server (based on [39])

This visualization, showing the connections between blocks for an example of a decentralized
Bitcoin server, can also be built for a decentralized server that stores information about the
connections between the works of various authors and “citation chains” in the scientific
community, incl. using data that can be obtained from already existing scientometric databases,
for example, by modifying the approach to visualizing global connections between researchers.
As other parameters of such scientometric models, one can consider not only geographic location,
but also analyze interdisciplinary connections:

And if in the world of cryptocurrency, one can already observe an ever-increasing variety of
all kinds of electronic “ coins ”, then, quite possibly, those projects that have already started in the
field of application of blockchain technology in scientific activity, also, with their further
development, they will come to the idea of \u200b\u200b“digitizing” that very “small coin” that
Eugene Garfield spoke about and, albeit by solving the “inverse problem”, assessing the real
contribution of each of the researchers to the total world knowledge, perhaps forming registries
of both “creditors” and “debtors” in the digital world.
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