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1  Introduction

Statistics is not a proving method in mathematics, nor can it be used to prove 
 anything in the strict sense; the only proving method in mathematics is logic (Stoll 
1963). Logic is a priori, in the sense that it is set up even before the first word is 
written, as, for example, it is used in the logical setup of a scientific paper (argu-
ments, i.e., premises leading to conclusions, logical inferences), not a posteriori, as 
is the case with statistics. Statistics per se may only be as good (i.e., credible) as the 
level of logical consistency and logical analysis used. Essentially, logical analysis 
per se is the scientific method (Papageorgiou and Lekkas 2018). It only follows 
naturally that logic concerns all of scientific and academic writing, in any form and 
for any purpose, whereas statistics is of concern to a great deal of scientific papers, 
but not of all.

Despite occasional problems in regard to the quality of the statistical analysis 
used – or even the manipulation of results towards making them more appealing in 
medical research (Ioannidis 2005, 2012) – statistical analysis is the golden standard 
of the contemporary scientific method. The problem has, therefore, already been 
identified; however, no solution has ever been proposed.

We theorize about a novel contribution in scientific writing that would greatly 
impact future publications in bioinformatics, and even other fields make the evalu-
ation of scientific papers “measurable,” and provide the researchers and academics 
with an important proving tool for structuring their core arguments properly: a logi-
cal tool, an expert system, that would help academics to apply core logical princi-
ples and to avoid logical fallacies. Finally, the theoretical work required for such an 
endeavor would create a reference point for both academic writing and training in 
logic. No matter how complicated they seem, all logical arguments are reducible to 
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basic logical structures. Already in classical antiquity, Aristotle proposed 14 such 
structures, “syllogisms” (easily extendable to at least 20), classified by Latin schol-
ars and known to us by coded names, e.g., “Barbara,” “Celarent,” etc. (Hodgkin 
2005; Netz 2003). In the twentieth century, the so-called linguistic turn occurred 
within the context of the newly developed symbolic logic (starting with Frege, 
Russel, etc.). Logical positivism (the Vienna School) and the still popular analytic 
philosophy were just some results of these developments in mathematics and lin-
guistics, propagating the need of both scientists and philosophers to express them-
selves more accurately, more systematically, and more in a direction toward 
“proving” their ideas (Psillos 2007). Despite recent advancements in information 
technology and computational linguistics, no research in this direction has ever 
been conducted – in spite of the enormous existing bibliography about logic or in 
spite of the educational material related to logic. Problems in relation to fallacies 
and problematic argumentation have already been presented (Bencivenga 1979; 
Massey 1981), but no tool has ever been developed to address such issues.

The expected functions of such a computer program (an expert system) 
would be to:

• Identify the structure of the arguments used and, after translating them to sym-
bolic language, be able to process them in various ways: perform logical inver-
sions, predict and analyze conclusions, evaluate given conclusions based on 
given premises, pinpoint ambiguities, and convert arguments to all possible 
equivalent forms

• Connect to a database of saved arguments and present to the researcher identical 
or similar arguments

Therefore, researchers and academics may expect the following:

• To better plan their protocols by automating the process of analysis of the prem-
ises given.

• Be able to locate and analyze arguments from the text of the scientific paper, or 
from certain parts of it (e.g., the “conclusions” section), or even from the whole 
text, based on advanced AI algorithms.

• Evaluate papers, giving a score of logical consistency and completeness (i.e., 
how many conclusions have been investigated in comparison to all possible con-
clusions based on the set of premises used by the researchers; how ambiguous 
premises are).

• Provide a new standard for future publications in any form and in any scientific 
field.

• Contribute to a publicly accessible database that would become a search engine 
for arguments.

The work would also result in a number of publications about logic, truth val-
ues, Venn diagrams, the nature and analytic features of negation, logical inver-
sions, comparing and contrasting concepts vs. non-concepts and their systemic 
treatment, logical complementarity, issues of conciseness, consistency, com-
pleteness, decidability and inference in relation to set theory and Boolean 
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 algebras, Gödelian  considerations, and issues connected to Turing machines, all 
for the theoretical support of the program.

2  Development of the Expert System

The functionality of such a computer program would extend on many levels.

On the level of premises, it would:

• Convert the premises to equivalent ones
• Perform logical inversions of the premises
• Present all possible negations of the premises (contrarieties and contradictions)
• Discover ambiguous expressions

On the level of conclusions:

• Check the level of consistency between the premises and the conclusions, attrib-
uting a score based on this evaluation.

• Predict all possible conclusions based on a given set of premises.
• List all possible variations of the conclusion (logical inversions, contrarieties, 

contradictions, and equivalences).

On the level of the complete argument (premises and conclusions):

• Identify the form of the argument.
• Convert it to equivalent forms, whether simpler or more complicated.
• Rate and evaluate the argument as a whole.
• Access a public database and present the researcher with identical or similar 

arguments (based on the search filter) – and with the scientific publications that 
these arguments belong to.

Such a process would afford a series of benefits to academics:

• A better way of planning their research by exhaustively analyzing their ideas.
• A more objective way of evaluating the logical aspect of their arguments.
• An insight into similar arguments.
• A tool toward making the application of important theoretical knowledge easy 

and a manageable part of the everyday writing routine

3  Conclusions

Such a tool will ultimately provide a series of practical guidelines for writing 
research papers which are based on robust logical foundations and contain strong 
and sound proofs employing more tools in addition to, or instead of, statistical 
 analysis. The key make-or-break factors behind scientific papers of high impact will 
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be identified. Moreover, a global perspective of what really is a scientific contribu-
tion as well as what are the components of scientific output will be gained. Such a 
tool would provide a significant solution, or answer, to the fierce debate that is going 
on about peer reviewing (Resnik et  al. 2008; Teixeira da Silva and Dobránszki 
2015). The face of many papers has evolved; more and more journals, e.g., require 
their hosted papers to begin with bullet points summing up key points and contribu-
tions. By being able to assess the quality of the core arguments of a publication 
independently, objectively, and in a standardized way, the “inadequate reviewing” 
problem will, at least, be minimized. The innovation of this expert system, there-
fore, lies not only in the multidisciplinary approach to a theoretical problem about 
the evaluation of arguments but also in the combined know-what and know-how of 
mathematics (logic), computational linguistics, and information science, in order to 
create a practical application in the form of an easy-to-use computer program.
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