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Cvnnornambl U KOPPEKTHbIU MHAYKTUBHbLIN aHanNu3
B negarorm4yeckom mccriegoBaHUM Kak haktopbl,
obycnoBnuBaroLWme ero Hay4yHyr LLeHHOCTb

A. B. KOPXYEB, H. A. KOHTAPOB, C. B. ®POJIOBA

AHHOTALUA

BeedeHue. KpVITVILIeCKMe Bbl30BbI I'Ipe}J,CTaBVITeJ'IeVI HayK CUNBHOW THOCEONOrM4yecKkom Bepcumn B agpec MeToA00rM4YeCcKom
HEBbICTPOEHHOCTN neaarornkm onocpeayrT HeobxoanmocTb rPaMoOTHbIX OTBETOB negaroros-uccrnegoBarenem Hay4yHOMY
COO6LIJ,ECTBy. VIX OCHOBOW MOXET CTaTb HAXOXAEHME NOMMYECKOrO KOHTEHTA, afeKBaTHOMO CAOXHOCT U MHOFOMIaHOBOCTH
obbekTa uccrnegoBaHus HaykK o6 oGpaaosaval. Takoe TeopeTn4yeckoe nocTtpoeHmne 6yueT CMOCOBOHO MOMOYb y‘-léHbIM
KOHCTPYKTMBHO M TrpaMOTHO OCYLUECTBINATbL nNegarorn4eckoe nccrneaoBsaHme 1 3alimaTtb ero pesynbrarthbl.

Llenbto cmambu SIBNSIETCS BbISIBNEHNE M 0OOCHOBaHWE MepeyHsi KOMMOHEHTOB KI1aCCUYECKOW JIOTMKU, KOPPEKTHOE
MCNoNb30BaHWE KOTOPbIX MO3BOMSIET YYEHOMY MOMYYUTb M FPaMOTHO OBOCHOBaTb Hay4YHOMY COOGLLECTBY LIEHHbIN
aBTOPCKUIA pesynbTar.

Memodonozausi, mamepuasnbl, MemoObl. Jloruko-cogepxaTenbHbli aHanu3d paboT M3 obnacTtu knaccuyeckon
NOrMKM 1N METOAONOMMN COBPEMEHHOINO FyMaHUTapHOro no3HaHus (1) u comocTaBneHue OLEHOK 3apybexHbiX
METOL0M0roB C aHanM3oM MEeTOA0MOMMYECKON KOPPEKTHOCTM OTEYECTBEHHbIX Megarornyeckux pabot (2) nossonunm
BbIABUTb M CUCTEMAaTM3UPOBATb TOT MNACT JIOTMYECKOro 3HaHWS, KOTOPbIA C YYETOM BCex ocobeHHocTeln obbekTa
no3HaHMsA negarornkn obecnevmBaeT BO3IMOXHOCTb CAenaTh BbIBOAbI: @) O KOPPEKTHOM MpeabsABeHNN pesynbTaTos
1 METOOOB MX NOMy4YeHUs Hay4YHOMY coumyMmy; 6) o cnocobax nsberaHus BbIABIEHHbIX TUMUYHBLIX TOTMYECKMNX OLLMBOK
B MpoLiecce Hay4yHOro novcka.

Pe3ynbmamasi. BbiiBneHbl TUMbl CUMNOrM3MOB, NO3BOMSIIOLLUNX KOHCTPYKTMBHOE UCMONb30BaHMe B cepe nccrnegoBaHus
o6pasoBaHus: modus ponens, npocTor modus tollens n aBa CoKpaLLEHHBIX (IHTUMEMA, ANUXENPEMa), @ TaKKe CUIIOTM3M
OrpaHMYEHHOrO MCMONb30BaHUA B cdepe Hayk 06 obpasoBaHum modus tollendo ponens. O6ocHoOBaHbI ABa MeToAda
NPUYMHHO-CIIEACTBEHHOMO aHanu3a, KoTopble C Y4ETOM cneundukn obbekTa MccrneaoBaHUs MedarorMky Mo3BOnsioT
OVarHoCTUPOBaTb MPUYMHHYKO CBS3b MexXay ob6bektamy U heHOMEeHaMn: METOL €OUHCTBEHHOIO pasnuuvs U MEeTOA
COMYTCTBYIOLLMX M3MEHEHWUA. Pe3dynbTatbl B AaHHOW YacTu paboTbl Ao6aBneHbl TUMMYHBIMU OWNbKaMy B Megarorvke:
nocneluHoe o606LLeHNe, HeNpaBoMepHasi aHanorus U 06o3HaYeHne OOHOW M3 MPUYUH Kccrnegyemoro oeHoMeHa B
KayecTBe eQUHCTBEHHOMN.

HayyHasi Hoeu3Ha. BbisiBrieHne, 06OCHOBaHWE W cUCTeMaTu3auysl JIOrMYECKOro KOHTEHTa, MO3BOMSAIOLLEro Mony4nTb
KOHCTPYKTUBHBIN pesyrisTaT Npy UCCrenoBaHnn pasHbIX cdiep 06pasoBaHs U rpaMoTHO 0GOCHOBATb €ro Hay4HOMY COOBLLIECTBY.

lMpakmuyeckasi 3Ha4yuMocmb. Pa3paboTaHbl KOHKPETHbIE FIOMMKO-METOA0NOMMYECKNE OPUEHTUPBI HAYYHOTO ANCKYpCca B
chepe Hayk 06 06pa3oBaHMK, CMOCOOHbIE CTaTb YaCTbi0 YY4EOHBLIX MOCOOMI MO BbIMOMIHEHWIO HAYYHO-KBaNMMUKaLMOHHbIX
paboT B cucTeme negarormyeckoro obpas3oBaHns Ha pasnuyHbIX YPoBHSX (bakanaBpuat — maructpatypa). lNpegnoxeHa
1 060CHOBaHa YacTb METOAUKUN SKCTMEPTU3bl KaYEeCTBa Nefarornyeckmx NccnenoBaHuii.
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Syllogisms and Corrective Inductive Analysis
in Pedagogical Research as Factors Determining
Its Scientific Value

A. V. KORZHUEV, N. A. KONTAROQV, S. V. FROLOVA

ABSTRACT

Introduction. Critical challenges from scholars with strong epistemological approaches to the methodological
inconsistency of pedagogy necessitate competent responses from educational researchers to the scientific community.
These responses can be based on identifying logical content that adequately reflects the complexity and multifaceted
nature of the object of study in the educational sciences. Such a theoretical framework will help scholars constructively
and competently conduct pedagogical research and defend its results.

The aim of this article is to identify and substantiate a list of components of classical logic, the correct use of which allows
a scholar to obtain and competently substantiate a valuable original result to the scientific community.

Methodology, Materials, and Methods. A logical and substantive analysis of works in the field of classical logic and
the methodology of modern humanities knowledge (1) and a comparison of the assessments of foreign methodologists
with an analysis of the methodological correctness of domestic pedagogical works (2) made it possible to identify and
systematise that layer of logical knowledge which, with regard to all the characteristics of the object of pedagogical
knowledge, enables one to draw conclusions: a) about the correct presentation of results and methods for obtaining them
to the scientific community; b) about ways to avoid the identified typical logical errors in the process of scientific research.

Results. Syllogism types that allow constructive use in educational research are identified: modus ponens, simple modus
tollens, and two abbreviated syllogisms (enthymeme, epicheireme), as well as a syllogism of limited use in educational
sciences, modus tollendo ponens. Two methods of cause-and-effect analysis are substantiated, which, with regard to the
specific nature of the object of pedagogical research, allow for diagnosing the causal relationship between objects and
phenomena: the method of single difference and the method of concomitant changes. The results in this part of the work
are supplemented by typical errors in pedagogy: hasty generalisation, invalid analogy, and designating one of the causes
of the phenomenon under study as the sole cause.

Scientific novelty. ldentifying, substantiating, and systematising logical content that enables constructive research
results in various areas of education and their competent justification to the scientific community.

Practical relevance. Specific logical and methodological guidelines for scientific discourse in the field of educational
sciences have been developed, which could become part of teaching aids for completing research qualification projects
in pedagogical education at various levels (bachelor's and master's degrees). A methodology for assessing the quality of
pedagogical research has been proposed and substantiated.
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INTRODUCTION

UNESCO and a number of other international organisations, emphasising the role of education
as the primary means of transmitting a nation’s intellectual and spiritual potential, pay particular
attention to a considered critical analysis of the state of various segments of education and the
development of scientifically grounded strategies for its transformation in the complex contemporary
conditions. In particular, one of UNESCO’s documents states: “"We need a more intelligent, nuanced
view of education and schooling that builds on systems and complexity theories and humanistic
educational approaches” [1, p. 5]. This, in particular, necessitates the application of pedagogical
conclusions and due methods used to justify them to the sphere of formal logic. Such a procedure
involves a critical analysis of the extent to which pedagogical conclusions comply with the criteria for
correctness of inferences, generalisations and analogies, as well as a causal analysis within a logical
framework. Furthermore, it requires sound methodological reflection on the specific nature of all the
mentioned procedures, with regard to the distinctive basics of educational science.

The works by epistemologists and methodologists of scientific knowledge over the past two
decades firmly state that value-based content is being increasingly incorporated into scientific
discourse; in particular, the cliché “scientific knowledge is valuable” is closely linked to the
methodological accuracy of its results and the process of their acquisition. At the same time, the
process and results of pedagogical research continue to face extensive, many-sided criticism from
representatives of exact and technical sciences, as well as from scientific methodologists - both
regarding the terminological framework and the presentation and justification of the obtained results.
Numerous presentations on this subject by scholars at academic conferences and round-table
discussions do little to alleviate the severity of the problem; the same concerns regulatory documents
from the State Commission for Academic Degrees and Titles of the Russian Federation, monographs,
and methodological articles that propose and justify the correct methodological status of pedagogical
research papers. However, this stream of criticism often contains both well-founded and “misplaced”
challenges, and very rarely includes objections and claims against authors that are based on the
well-established standards of humanistic logic. This latter circumstance has led us to analyse the
works of our predecessors directly related to the logical content of pedagogical knowledge and the
methods of its acquisition, and to conclude that this field of research has, to date, been explored only
to a very limited extent. This is particularly true when compared with the coverage of this subject
by methodologists working in the sphere of mathematical and natural science. One of the presumed
reasons is the complexity and multifaceted nature of the object of pedagogical research and the
resulting difficulties in categorising and formalising both basic concepts and the process of deriving
and justifying the patterns governing educational phenomena. Consequently, the accurate description
of the process exploring pedagogical reality in the language of logic remains a complex and as yet
unresolved task. It follows from these premises that research in this area could both identify some
proven methods for enhancing methodological rigour in pedagogical research and provide compelling
arguments to address the criticism received.

In view of all the above-noted circumstances, this article aims to identify and justify a list of
components of classical logic which, when correctly used, would enable us to derive and competently
substantiate the valuable original findings for the scientific community. The hypothesis of this study
is that, despite the difficulties involved in describing the pedagogical object and “incorporating” its
properties and parameters into logical procedures, a meticulous analysis of the components and
norms of classical logic will make it possible to demonstrate and systematise: a) the segment of
logic accessible to contemporary educational research and the methods for its correct application;

b) the extent of reliability of the derived results, with due substantiation. The research team focuses
its attention on the substantive field of education; the reached conclusions may serve merely as a
starting point for similar studies in other areas of humanitarian knowledge.

LITERATURE REVIEW

The chosen research subject led to the inclusion of works by the forerunners of two major
categories of academic sources in the review. The first one comprised studies by foreign authors
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where classical logic and its constituent part (the theory of argumentation) were examined in the
context of the problem of developing critical thinking among students in general and university-level
professional education, as a key personal quality for graduates seeking to achieve professional and
personal self-realisation in contemporary society. Such sources include works devoted to: a) the
development of critical thinking in mathematical education by Mahmoud [2]; b) sound argumentation
in school-based educational dialogue by Rapanta and Macagno [3]; c) the role of various logical
operations in the development of theoretical thinking by Vartiak et al. [4]; d) the pedagogy of
dialogue using critically charged questions by Nussbaum et al. [5], e) interactive learning focused on
the analysis of oppositions by Howe [6], f) the analysis of students’ learning outcomes in the process
of applying the argumentation theory by Iwuanyanwu [7], g) the measurement of the maturity level
of argumentative reconstruction skills by Berkle et al. [8], h) the integration of argumentative skills
into students’ extracurricular activities by Gonzales et al. [9], i) the use of dialogue to foster critical
thinking by Cui and Teo [10] and Tong and Ding [11]; (k) the development of logical thinking in
university education by Soares et al. [12] and Bordas and Debrenti [13]. These works reflect a broad
range of strategies and components of critical thinking and identify a list of methods and techniques
for its formation and development - both in the study of various disciplines and in extracurricular
activities. The works by Morrow [14] are devoted to the development of critical thinking among
schoolteachers and university lecturers. The dialectic relationship between critical thinking and
creativity is discussed in the works by Ellerton and Kelly [15] and Rapanta [16]. Educational analytics
in online discussions and educational games is explored in the research by Martinez et al. [17].
Pedagogical support for the development of argumentation skills in various segments of higher
education is presented in the works: a) related to educational games by Lee and Samanta [18], b)
devoted to argumentation in the process of postgraduate students preparing their theses by Kilpela
et al. [19], c) discussing logical components in mathematical education by Munyati [20]. The study
by Kizi [21] is devoted to the development of logical thinking in pedagogical practice. The work by
Seif [22] is devoted to the links between logic and higher-order intellectual skills; its pedagogical
support is discussed by Altun and Ozsevgec [23]. The significance of fostering logically sound

critical thinking strategies in learners, as reflected in the representative list of sources, has led us to
conclude that everything described in the cited texts requires, as a necessary condition, a thoughtful
reflection on research in the sphere of education from the perspective of the principles of classical
logic. In this regard, the authors placed particular emphasis on the problems of justifying pedagogical
outcomes and the methods used to achieve them.

This circumstance led us to turn to the second category of academic sources related to the
assessment of methodological accuracy in contemporary research in the field of education. This
topic is the subject of Ennis’s work [24]; the aspect of causality is examined in detail in the works
by Zenker [25]; the issues of stylistic correctness of various argumentation types are presented in
the texts by Irawan and Valentina [26] and Boogaart [27]. The research potential and prospects for
the development of educational sciences are presented in greatest detail in the work by Les$ [28].
Substantive and logical shortcomings, as well as some methodological inaccuracies in research
on educational topics, are made explicit through a series of theses presented in the works by a
number of authors. The most characteristic flaws in dialogical pedagogy are examined in the text
by Nussbaum et al. [29]. The work by Rapanta and Macagno [30] is devoted to logical errors in the
humanities. The issue of logical flaws in student discussions is described in the texts by Gronostay
[31] and Inayah et al. [32]. The most common logical errors in academic writing have been studied
by Luchini and Rasini Robles [33]. The most common logical errors in academic writing have been
studied by Rapanta [34] and Sarvary et al. [35], whilst other logical errors are described in the
works by Toychiyeva [36] and Wong [37]. In many of the listed texts, causal analysis and analogies
fall within the content that reflects inadequate methodological representation in pedagogical
research. A comparison of foreign researchers’ findings with the authors’ analysis of domestic
pedagogical works of varying scope and content has confirmed the conclusion that they are
characterised by an evident deficiency of logical reflection elements - both in terms of assessing
the validity of the proposed conclusions and the employed methods and techniques of scientific
inquiry. The thesis regarding the relevance of the research undertaken by our team of authors has
been corroborated by the findings of foreign scholars, Snaza [38] and Letiche [39], which clearly
identified some serious methodological shortcomings.
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METHODOLOGY, MATERIALS AND METHODS

One of the main methods employed was the analysis of works (monographs and articles) on
classical logic recognised within the scientific community, with a view to assessing the possibility
of achieving logical accuracy in the humanities as a whole, and in the sciences exploring education
issues, in particular. The list of academic sources also included articles by foreign authors in
which: a) the unsatisfactory state of pedagogical science (known in English as “educology”) was
highlighted and substantiated, specifically in assessing the compliance of various parameters with
the requirements of methodological correctness, including the transparent definition of objectives
and problems, due formulation of hypotheses and research methods, and sound reflection on
the obtained results; b) various methodologies and techniques for developing critical thinking in
university education were discussed — as one of the most significant qualities of a university graduate
preparing for full professional and personal self-realisation in the modern world. The conclusions
drawn from this list of works necessitated a review of domestic pedagogical research published in
monographs and journals indexed in the Scopus database, Web of Science, Russian Science Citation
Index (RSCI) and the RF State Commission for Academic Degrees and Titles. The analysis focused
on the extent to which authors adhered to logical norms of scientific discourse when justifying
their findings and the methods used to achieve them. A comparison of foreign methodological
texts and domestic pedagogical works covering a broad spectrum of research interests made it
possible to identify and systematise the segment of classical logic that can be fully applied in the
science of education following from the specific nature of its subject matter characterised by an
exceptionally complex nature and ensuing difficulties in quantitative and qualitative categorisation
and formalisation. This systematisation has made it possible to identify, as key areas for further
research, the issues of correct use of various syllogisms and those pertaining to the methodological
accuracy of all components of causal analysis. By focusing on these two identified components, the
team of authors has substantiated the methods for the correct use of widely used syllogisms and
those of limited application in educational research, and has also identified the relevant typical errors
of educational researchers. Relying on the list of causal analysis methods, the authors succeeded
in identifying and justifying two of them, most suitable for educational science and for pinpointing
the logical errors found in a wide range of works. Particular attention was paid to the positive and
negative aspects of using the method of analogy, given its widespread use. The research culminated
in conclusions summarising the findings reflecting the necessity and the methods of structuring
pedagogy in a correct logical format (1), and the objective reasons for its lagging behind sciences
with a strong epistemological foundation, in this regard (2). The described methodological toolkit and
its specific application, as presented in the text of this article, enable the reader to reproduce it for
similar research in other humanities.

RESEARCH FINDINGS

As is clear from the introduction, in justifying the theoretical and applied value of the results
proposed by an educator-researcher or a research team, we shall emphasise that a specific assertion,
inference or conclusion is contingent upon one or several correctly implemented logical procedures.
In these terms, it is essential to refer to the fundamental law of reasonable cause (facts that enable
a researcher to formulate their assertion, and conclusions of their predecessors they draw upon in
their own research), which was described by us in detail in the previous articles. Based on an analysis
of pedagogical literature, as well as a number of works in the domain of philosophy of science, we
do argue that syllogistic operations, along with a wide range of inductive procedures, are among the
most relevant to the field of education, yet insufficiently covered in the scholarly literature.

Syllogisms in pedagogical research. We shall proceed to exploring the logical framework of the
ideas, concepts, theoretical constructs, teaching methods and technologies put forward in the course
of educational research, and their comprehensive justification, by examining syllogistic structures. As
is well known from classical logic, syllogisms are inferences derived on the basis of two propositions
(affirmative or negative, with varying degrees of certainty); the resulting third proposition is subject
to analysis in terms of its logical correctness. Simple constructive syllogisms, commonly referred to
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as "modus ponens”, include cases where both “premises” and the inferred conclusion are affirmative.
For instance, it has been established that the inclusion of certain tasks in the curriculum enables
school pupils and students to discover facts previously unknown to them and is therefore of positive
value (deserving of the attention of the educational community) - the first premise. It has also been
established that if the process of solving a particular educational task trains learners’ mental abilities,
then such tasks are valuable - the second premise. The following statement follows from these two
premises: since any educational task either introduces learners to new facts (constituting a subjective
micro-discovery) or trains their mental abilities, then any educational task deserves attention. The
validity of such a syllogism depends on the extent to which the scientific community recognises

the truth (validity) of the initial premises. In particular, the given example excludes considerations
related to the subjective difficulty of tasks for specific types of learners and thus significantly
affecting their usefulness; therefore, this type of syllogism in pedagogical research generally requires
supplementary considerations (statements, assumptions).

It is appropriate to extend this type of syllogism with its antithesis. In logic, this is known as
“simple modus tollens” — it encompasses cases where both the initial premises and the conclusions
drawn from them are negative (destructive) in nature. For instance, a developer modifying the
existing educational content within a specific academic discipline is planning to supplement what has
already been included with a new, extensive block of material. In this case, it is necessary either
to increase the number of academic hours allocated to the discipline (academic subject) (premise
one), or to remove a particular area of knowledge or skill from the existing curriculum (premise
two). It follows from these two premises that neither option can be implemented. If the proposed
expansion of the curriculum is deemed significant for the educational results of graduates from higher
or secondary educational institutions, then this conclusion is supplemented by the assertion that
alternative options should be sought for its inclusion in the curriculum.

Classical logic also recognises abbreviated syllogisms, among which the enthymeme stands out;
it will be illustrated with a simple example. Any pedagogical abuse of the individual is negative;
if a teacher resorts to violence, they deserve condemnation. Another well-known abbreviated
syllogism is the epicheireme, illustrated by the following example. Lying deserves condemnation
because it is immoral. Therefore, for instance, a teacher’s reliance on artificial intelligence to
complete an assignment intended for independent work is reprehensible, as it misleads the
examiner (who assesses the work). The three syllogistic constructions cited above, which are
common in educational research, are undoubtedly somewhat schematic and, in most cases, require
the researcher to immerse themselves in the specifics of the situations being explored (whether
academic or practical), to supplement “pure” logic with a substantive analysis, and to contextualise
the logical steps and the obtained results.

Let us now turn to examples of syllogisms of limited application in the sphere of education.
One such syllogistic structure is the modus tollendo ponens. In this syllogism, one of the premises
negates all the components of division, as identified at the outset, with the exception of one - and
this constitutes the conclusion in the affirmative modality. Let us construct one possible illustrative
example from the domain of educational research. A negative result in a pedagogical experiment may
be due to one of the three circumstances: an erroneous or insufficiently developed conceptual design
(1); a poorly developed methodological model for its implementation in the educational process (2);
various deviations from the methodological model that occurred during the experiment, in particular,
the impact of unforeseen secondary factors (3). One might, of course, assume that research has
clearly established that two of the cited circumstances (for instance, the first and the second) are
not the causes of the negative experimental result, and, by the process of elimination, identify the
third one as the cause. However, scientific reality shows that such a stance is quite rare in the area
of education. Applied to the example under consideration, this means that in most cases, a negative
experimental result in the field of education is caused not by one, but by the three factors at once,
albeit with varying degrees of “contribution” to the result.

We consider it necessary to supplement this section with an example of typical syllogistic fallacies.
An analysis of academic texts on pedagogy reveals a high frequency of errors associated with the
destructive complex syllogism “modus tollens”. Let us provide a hypothetical example, deliberately
simplified, so that the essence of the argument is clear to as many readers as possible. For a university
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student, studying may form part of their core life values. The researcher concludes from this that
special incentives from the lecturer are in this case unnecessary. On the other hand, the opposite

is often observed: studying is not a core value for the student; they try in every way to meet the
curriculum in the most minimal way possible, sometimes resorting to deceiving the lecturer. In this
case, the lecturer’s incentives are practically useless. The researcher concludes from these two facts
that the teacher’s incentives are either superfluous or useless. However, the author of this dilemma-
based conclusion makes a mistake: the conclusion he proposes would only be valid if a “love” of
learning and an “aversion” to it constituted the entire range of possibilities. This is not the case in the
given example: for instance, a student may display an attitude towards learning that does not fall into
either of the two extreme cases mentioned. In most such cases, pedagogical encouragement is entirely
appropriate, for instance, when a student’s sustained interest in studying is still developing, and instead
of aversion, there is a lack of motivation to overcome the inevitable cognitive barriers.

Correct inductive logic in pedagogical search. Like in any field of the humanities, inductive
procedures are far more common in pedagogy than deductive ones. This means, in particular, that the
validity of the premises does not guarantee the validity of the conclusion drawn from them - it can only
be treated in probabilistic terms. Conclusions that are valid only for a specific, inevitably limited set of
objects or processes may prove to be invalid (or valid only subject to additional conditions, reservations
or restrictions) for a wider range of objects or processes. Such a logical flaw in scientific discourse is
sometimes referred to as hasty generalisation. Exploring the content of this section involves considering
a wide range of inductive procedures in educational research, which are classified by classical logic as
the transition from particular judgements to general ones, inferences by analogy, causal analysis and,
inevitably (and particularly relevant to the field of education), goal-based justifications.

Let us begin by mentioning complete and incomplete induction. The former type is extremely rare
in the domain of education, or is limited to trivial cases of no scientific interest. For instance, having
recorded a particular indicator as being the same for each learner (participant in an educational
experiment) individually and consistently, the experiment organiser concludes that all participants
exhibit the level of personality trait or academic skill in question as correlating to the identified
indicator. We have been unable to identify any examples of complete induction in education that
differ in essence from the one above (neither independently nor in academic sources), so we can
rightly claim that, in the overwhelming majority of cases in pedagogical research, one should
resort to incomplete induction, whereby a pattern (property) identified within a limited sample
of objects or processes is extrapolated to a larger sample. Naturally, such a procedure requires
justification regarding the similarity of a property (quality, parameter) between the objects that have
been directly examined and the ones to which the research conclusion is extended. The simplest
examples of induction in educational research are statements such as the following: a) so far, the
method of expert assessment has been used when reviewing works on methodology of education;
therefore, this method should also be employed for the specific research (article, monograph) under
consideration in the present case; b) traditionally, Spearman’s test (or Wilcoxon’s test, or the Mann-
Whitney U test) has been used to assess the significance of differences in the performance of control
and experimental groups of learners; therefore, in the specific case relating to the thesis under
review, this test should be used as a guide; c) the case study method is traditionally used to teach
... (a particular skill); therefore, it makes sense to recommend it to new aspiring researchers. All
of the above is quite clear in terms of reliability of the drawn conclusions — they are probabilistic in
nature, and no one is immune to a failure in the N + 1st case when using something that has proved
successful in N cases. Among the simplest negative examples of induction in educational research
are frequently encountered statements (both in verbal presentations and in academic texts), such
as the following: there are no other ways, apart from those we have proposed, of helping learners
acquire the desired socially and personally valuable skill or quality; there is no other way to justify
the derived result (other than the one we propose), and a number of other similar statements.

Non-trivial inductive content in pedagogical research inevitably leads one to consider such an
attribute as a scientific hypothesis. Educational methodologists who have addressed this issue point
out that, in social sciences and humanities, a particular assumption about something previously
unknown (in a sense, a discovery) cannot be made by means of “precise deduction” and, in the vast
majority of cases, rigorous deductive procedures are partially integrated in inductive reasoning,
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inferences, and conclusions formulated on their basis. Our further task will involve identifying
various inductive procedures in pedagogical hypotheses of different types and bringing their results
into a methodologically sound framework. In the monograph cited above, the authors classify
hypotheses in the field of educational research based on an analysis of a representative body of
pedagogical works and texts on methodology of science [40]. The first type comprises hypotheses
on the nature of educational objects and phenomena, as well as the forms, levels and characteristics
of their existence and manifestation in educational reality. The second type of hypothesis relates

to assumptions about interrelationships (internal and external) that characterise the objects and
phenomena under investigation. The third type involves identifying a set of diverse cause-and-effect
relationships between pedagogical phenomena and objects, accompanied by the identification of
pedagogical conditions and factors influencing their existence and development, as well as various
psychological mechanisms. The fourth, widely prevalent type of pedagogical hypothesis is associated
by methodologists with identifying the means and methods for achieving the positive pedagogical
outcome under investigation (in accordance with the chosen subject area).

In the first type of hypothesis, the authors base their arguments on the knowledge previously
acquired with varying degrees of accuracy: for instance, a widespread cognitive barrier, commonly
used in educational practice, is attributed either to the poor formation of some element of knowledge
required to solve the tasks set by the curriculum (or to its “loss” due to the length of time since
it was first presented to the pupil or student, along with the lack of appropriate subsequent
consolidation), or to the underdevelopment of some thinking skill (operation) that enables the
solution of a curriculum-based task. In the following three types of hypotheses, the inductive format
involves a range of techniques used in causal analysis known in classical logic, which is not classified
by authors on classical logic as related to the identification of “purely logical relations”; however,
it is included within the scope of studies by logic as a field of scientific knowledge. Therefore, the
task of logical study of causality boils down to the systematisation and concise representation of
reasoning patterns that enable one to link events (factors, circumstances) followed, with a certain
degree of probability, by other related events. The task of logic as a science, in terms of studying
causality issues, is further complemented by determining the extent of reliability of conclusions
derived from such reasoning. It should be added that logicians distinguish a “strong causality
ground, meaning that something which has a cause cannot fail to exist, and cannot be abolished or
altered by any events or actions” [41, p. 208]. Logicians also distinguish a “"weak concept of partial
or incomplete cause”, sometimes referred to as a partial cause, which contributes to the occurrence
of the associated event only to a certain extent and, as a rule, only when combined with a number
of additional circumstances. This latter concept is highly relevant to the multifaceted, inherently
complex and, in some cases, difficult-to-formalise objects within the sphere of education. Like in
other fields, the general approach to the problem draws on the methods used to identify causal
relationships: exclusion, similarity, single difference, and concomitant changes.

The method of exclusion assumes that the researcher specifically excludes from consideration all
possible circumstances and factors capable of influencing the course of the pedagogical phenomenon
under study, except for one, which is suspected of being its cause. In actual research practice,
this means the need to isolate the experimental sample of learners from the entire educational
context, leaving them solely with the innovative teaching or educational methodology being tested
- something that is hardly possible today and is unlikely to be possible in the future. The “*method
of similarity” proposed by the classics suggests that the researcher should observe the pedagogical
phenomenon of interest in several situations and, in the process, identify the presence of some single
factor, thereby making a well-founded assumption about it as the cause of the phenomenon under
investigation. Such an approach is difficult to implement in the field of education. To illustrate this, let
us consider a task requiring the identification of the causes of academic underachievement, based on
a sample of students. The researcher may consider a number of circumstances as possible causes:
no motivation to study (for instance, due to a random choice of university and degree programmes);
an insufficient level of prior knowledge and skills required to master the university-level material;
no suitable conditions for completing homework; the need to earn money to pay for tuition and the
resulting lack of time to prepare for classes; and the presence of a hobby that takes up a significant
amount of time outside of study hours. The researcher can easily record the presence or absence
of these factors in a special table based on questioning and observations, which will enable the
frequency of each to be identified and compared. However, the factor for which this indicator is the
highest can be regarded as merely one of the causes of academic underachievement - a partial cause
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(dominant amongst the others, which cannot be ruled out). A similar study could well be carried out
to investigate the reasons why editorial boards of journals reject authors’ articles. The list of reasons
for rejections may include: the insufficient empirical support of the conclusions; the article’s topic not
being in line with the journal’s scope; the use of material without citing the authors; the insufficient
logical rigour of the presented conclusions; the authors’ poor familiarity with the works of their
predecessors on the chosen subject; limited publication experience; and a number of other factors.
However, in this case too (like in the previous one), it is only possible to identify the dominant
(partial) reason for editorial rejections, as based on an empirical survey of a sample of authors who
received editorial rejections, drawing on the highest frequency.

The “method of single difference”, included in the list of procedures for causal analysis, requires
that the factor of interest to the researcher be included once as an element affecting the system
under study, but be excluded the next time. If, in the first instance, the event that follows really
takes place, whereas in the second case it does not, then this factor may be considered as a cause of
the event of interest to the researcher. In the sphere of education, this can be achieved by comparing
the educational outcomes of two study groups: an experimental group (where the experimental
methodology was applied) and a control group, where teaching was conducted using traditional
methods. Naturally, with this approach, it is necessary for the initial level of a skill or personality
trait considered by the author in the two groups to differ by a statistically insignificant margin - to
this end, it is advisable to introduce some quantitative characteristic (a parameter showing the
maturity of a skill or a trait) into the analysis and apply one of the comparative procedures known in
mathematical statistics. Despite all the noted difficulties, we believe it is possible to assert that the
single-difference method is practically the only tool which can enable a researcher, in case of correct
application, to identify one of the possible causes of the phenomena under investigation in the field of
education. Although, to be fair, it should be noted that the fourth method (of concomitant changes)
can also be used, albeit infrequently - this is similar to a single-factor analysis of variance, where
the impact on the object is split into several stages: initially it is minimal, then the impact intensifies
and, finally, reaches the maximum possible level. As applied to research in the area of education, this
means introducing only a few elements of the innovative methodology at the first stage, increasing
the extent of incorporation into the educational process at the second stage, and implementing
it fully and intensively at the third stage. In doing so, mathematical statistics sometimes allow
one to determine, with a specific degree of probability, whether the parameters characterising the
educational outcome have changed significantly or only slightly. It should be particularly noted
that, in many cases, the use of two methods adapted to the domain of education does not yield an
unambiguous conclusion on the sole cause of the observed phenomenon - as a rule, it is possible to
assert that only one of the possible causes has been identified.

When discussing inductive hypotheses (both in the case of enumerative induction and causal
analysis), it is also necessary to mention that their formulation marks a transition from sensory
images of objects and phenomena of educational reality in the researcher’s mind to their “empirical
representations” (empirical patterns), which filter out a multitude of properties and parameters of
no interest to the researcher and which are expressed in scientific language (through various types
of definitions). At a certain stage, when empirical constructs have stood the test of time, various
theoretical constructs are developed on the basis of inductive inferences; pedagogical concepts are
formulated, and the scientific glossary is enriched with new terms and concepts.

As noted at the beginning of this section, inductive analysis involves inferences by analogy, which
is frequently used in educational research. Among the examples from the history of pedagogy that
confirm this premise is the development and introduction of problem-solving teaching into the
educational process. In particular, in 1975, a monograph “Problem-Solving Teaching: Key Issues in
Theory” by M.I. Makhmutov, an academician of the USSR Academy of Pedagogical Sciences, was
published, in which the author highlights in detail the shortcomings of the explanatory-illustrative
method of teaching, which draws on schoolchildren’s perception of educational information, its
understanding (internalisation) and reproduction at the teacher’s request. This is substantiated by the
fact that reproductive skills alone are definitely insufficient for school leavers in their future social life
and professional activities. The author then attempts to justify a project aimed at stimulating pupils’
educational and cognitive activity, based on an analogy between the scientific-research thinking of
professional scholars and that of school pupils. The core of the author’s concept is to enrich pupils’
educational activities with components such as contradiction, problem, hypothesis, and a number of
others. Despite the significant differences between professional scientific thinking and educational
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acquirement, the author has succeeded in identifying and accurately defining the extent of their
similarity, and in proposing a conceptual model of school education based on this similarity, as well
as the related methodological solutions. The identified similarities between scientific and educational
cognition have, in particular, made it possible to include the term “problem situation” in the didactic
glossary - as a state of intellectual difficulty experienced by a pupil who is unable to solve the task
set by the teacher using only familiar methods. The problem situation (according to Makhmutov) is
inevitably associated with a state of emotional discomfort artificially created by the teacher in the
pupil due to the inability to complete the proposed task: such a state is intended to serve as a trigger
for active engagement in learning activities, something akin to scientific search.

The inductive “approach”, as discussed herein, put forward by this scholar at the end of the twentieth
century, was, to a certain extent, accepted by the academic community — after some time, a number
of other Russian scholars proposed their own versions of problem-solving teaching, and their work led
to several interesting methodological innovations that found application in educational practice. At the
turn of the 21st century, Russian higher education pedagogy also took up this idea, recognising the
importance of developing problem-oriented teaching methods, as well as the fact that the scope for such
approaches in the university sector was much broader than in general secondary education.

Despite all the merits of the pedagogical innovations under discussion, we consider it necessary to
emphasise that, in the case under consideration, the method of analogy has also demonstrated the
probabilistic nature of the results obtained through its use. Both the developed theoretical constructs
and the practical application of problem-based teaching methods have revealed the inevitable
difficulties involved in their implementation within the educational process. These include: the time
required, the difficulty of fitting these methods within the constraints of the teaching timetable, and
the need for a higher improvisational resource of a teacher using the technology in question in their
practice. This provides grounds for reiterating the argument that the method of scientific analogy has
very limited evidential potential.

Another example of inductive scientific content linked to analogies in pedagogical research
is the idea of managing the learning activities of school pupils or students. The authors who
proposed and developed this idea introduced the terms from general management theory into the
pedagogical scientific glossary: controlled object, controlling influence, controlling elements, and
feedback. In the approaches known to us from literature, the learner is the object of control (a
school pupil, a student, or an adult undergoing training within a professional development system),
whilst the controlling element is represented by the teacher’s various pedagogical endeavours.
The feedback is shown by learners presenting their completed tasks to the teacher, along with the
ensuing dialogue, which provides an indication of the adequacy of the controlling actions and the
learners’ response to them. The authors have attempted to implement this analogy instrumentally
by constructing mathematical equations, for instance, as proposed by Solodova [42]. The
achieved result cannot so far be considered satisfactory: whilst focusing the idea of managing
students’ learning activities on the process of assimilating the educational information provided
by the teacher, the cited monograph proposes a differential equation in which the left-hand side
records the time derivative showing the difference between received and assimilated information,
summed with the information perception coefficient multiplied by the aforementioned difference.
The time lag between the moment of receiving information and the moment of its assimilation
is taken into account. The right-hand side of the equation demonstrates a quantitative measure
of the information flow conveyed by the teacher. The general approach in the proposed model is
clear; however, no solution is offered for the specific case; the methods estimating the amount of
information are not discussed; and the ways to derive the coefficients included in the equations are
not addressed as well. Thus, the problem requires further research.

An analysis of a large body of doctoral research in educational disciplines also reveals a significant
frequency of unfounded analogies in cases where conceptual models, as well as the teaching
and educational methods and technologies they employ, which have proved successful in some
singular segment of the education sector, are transferred to another segment without due criticism
(mechanically, automatically, with no regard for a host of significant differences). For instance, an
approach that has yielded significant positive results in primary education is transferred to secondary
education without major modifications, or a concept successfully implemented in higher education is
extrapolated to adult education.

19



As was noted at the beginning of this section, inductive procedures in educational sciences are
inevitably linked to a component of logic known as goal-based justification: the positive significance
of a particular outcome (for example, the learner’s increased level of knowledge, skills, or personal
qualities) dictates the need to develop due means for achieving it within the educational process
- naturally, with regard to a host of related processes and circumstances. Consequently, the
significance of many inductive arguments in the field of education is closely linked to the significance
of the objectives set for the educational system by societal demands.

Thus, the content of this section allows one to assert that, being devoid of the possibility to
make full use of deductive procedures in the process of acquiring new knowledge (as is done in
mathematics, technical sciences and some areas within the natural sciences), pedagogy is naturally
oriented towards an inductive approach, and all procedures traditionally included within its scope
may, to a greater or lesser extent, be of interest to researchers in a broad variety of segments and
aspects of the educational process. However, it is important for the researchers — and the academic
community reviewing their findings — to assess the extent to which inductive generalisations and
extrapolations are used correctly; the same concerns causal analysis and the application of the
method of analogy. This correctness encompasses specific methodological requirements, which are
presented and substantiated in this section.

DISCUSSION

This section includes a number of additional comments on the content of the previous section.
To begin with, we shall cite some specific, widespread instances of violation of logical norms in
pedagogical research related to syllogisms. In particular, in doctoral research, when formulating the
methodological framework and substantiating the relevance of chosen subjects, the following line
of logical reasoning is used: a) the social demand for a specific segment of education identifies the
need to develop a particular area of knowledge, skill or personal quality (1); b) an empirical study
of a representative educational sample reveals the level of maturity of socially valuable content that
does not match the social demand (2); c) the chosen subject, aimed to meet the social demand, is
relevant. This final conclusion must be supplemented by at least three points. To conclude on the
relevance of developing the chosen topic, the researcher should: a) submit an overview of works of
varying scope for expert review, those already completed in a chosen subject area (or in thematically
related segments thereof); b) identify the shortcomings in the conclusions of previous researchers;
) if it transpires that their conclusions are entirely sufficient, well-founded, and constructive,
investigate the reasons why they have not been implemented in educational practice.

Now let us turn to the thesis that “deduction alone must be the criterion for correct induction, that
is, the possibility of deriving facts purely logically from the premises of induction” [43, p. 50]. At this
instance, we should inevitably turn to deriving consequences from an inductively obtained conclusion,
and their verification. For example, we consider an assertion (a generalisation based on quotations
from well-known psychologists and from personal life experience) stating that those who think clearly
also express themselves clearly. The “touchstone” of the teacher’s clear thinking is their ability to
convey the full content set out in the syllabus to the students - here, the results of assessment of
students’ knowledge and skills serve as an indicator confirming the clarity of pedagogical thought.

The logical structure of this statement is simple: if the first premise is true, then the second premise

is also true. However, logicians in this case point to the “asymmetry” between the direct and inverse
inferences: the inference from the premise to the conclusion is valid, but the inference from the
conclusion to the premise is merely probabilistic. These illustrations must be supplemented by the
observation that, in the overwhelming majority of works on pedagogy (excluding studies on the history
of pedagogy, comparative pedagogy, and some methodological works), the educational methodologies
(and, in some cases, technologies) derived from a conceptual model are put into practice, and the
obtained results serve as indicators of their effectiveness, as well as scientific and practical value. In
some cases, the results sought by researchers prove unattainable or only partially attainable, which
necessitates a series of steps that cannot be defined unambiguously, to be outlined below.

Firstly, it is necessary to assess the correctness of the experimental procedures in terms of
compliance with all points of the developed methodologies or technologies, as well as the possible
interference of certain secondary factors in the experimental process, which significantly skew the
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result in a negative direction and which were not taken into account beforehand for various reasons.
If such circumstances are absent (do not affect the outcome of the verification experiment), then the
second step may involve analysing and adjusting the methodological model constructed to implement
the research design, followed by its repeated experimental validation. It cannot be ruled out,
however, that even in this case, no significant positive changes will occur; then the third step should
be taken - the revision of the conceptual framework, which will inevitably lead to substantial changes
in the methodological models it underpins.

This last step is quite labour-intensive and involves a certain semantic reworking of the initially
formulated research hypothesis, which, in turn, entails “immersing” its original version in some
unprovisioned aspects of the educational reality (which may well have influenced the recorded
negative result). Such painstaking research work is necessitated by the exceptional complexity
and multifaceted nature of the object of pedagogical research. In particular, the transformation
of the initial hypothesis (which, in this case, should be accorded the status of primary, working,
or preliminary) may relate to some unaccounted-for psychological characteristics of learners -
subjects of the pedagogical intent (with a focus on the characteristics of their thinking, volitional
and emotional spheres), or to the insufficient maturity of the initial knowledge and skills of the
experiment participants, necessary for the full mastery of material the researcher proposes. Among
the factors initially overlooked is inadequate teacher training in terms of pedagogues’ understanding
of the general and specific aspects of the educational methodology proposed for testing, as well as
their lack of motivation for considered experimental work. In some cases, the modification of the
initially proposed hypothesis is aimed at supplementing the set of pedagogical conditions invariantly
included in it for achieving the intended result. Among these, the educator should distinguish
between: a) those that are essential, without which the entire endeavour is doomed to failure; b)
those that are not strictly necessary, but are regarded as desirable; c) those that are sufficient; d)
those that are necessary but insufficient for the realisation of the concept.

To conclude the discussion of the results, it should be noted that even a positive result achieved
during the testing of the innovative teaching method cannot be regarded as definitive — the increase
in the level of knowledge or skills achieved in a certain experimental sample may yield a biased result
in another sample (and require correction), which is entirely consistent with the methodological
premise on the probabilistic nature of any inductive inference.

CONCLUSIONS

The research conducted and described herein provides grounds for formulating a number of
conclusions:

1. The value of the results and methods of educational research is closely linked to the scientific
community’s understanding of the logical framework of the propositions put forward and the methods
used to arrive at them: the correctness of the employed syllogisms, the soundness of the cause-and-
effect analysis, as well as the validity and awareness of the limitations of the applied analogies.

2. The list of syllogisms most suitable for research in the field of education includes: a) modus
ponens; b) simple modus tollens; c) abbreviated syllogisms (enthymeme and epicheireme). Modus
tollendo ponens should be classified among the syllogisms of limited use.

3. Of the four methods of causal analysis established by classical logic, the method of single
difference is the one most suitable for application in pedagogical research. In certain cases,
where it is possible to mathematically represent the learner’s educational outcome, the method
of concomitant changes, as defined by classical logic, proves to be applicable. The most common
errors are: a) presenting an identified circumstance as the sole cause of the observed nature of a
pedagogical phenomenon - rather than correctly identifying it as one of several possible causes; b)
the unjustified expansion of the scope for the use of analogies.

4. In terms of the rigour and unambiguity of logical conclusions, pedagogy, for objective reasons
(the complexity of the nature of objects and phenomena, difficulties in categorising and formalising
them, and the imprecise glossary), falls short of sciences of a higher epistemological order; however,
this circumstance cannot serve as a subject of valid criticism thereof.

21



JINTEPATYPA

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

UNESCO: Futures of Education: conservation and change. URL: https://unesdoc.unesco.org/ark:/48223/
pf0000374087?posIinSet=3&queryld=78e0a0eb-5ba2-4994-96f5-354d979846b6 (nata obpalieHuns:
24.10.2025).

Mahmoud, A.R. Proof and Logic: Foundations, Pedagogy, and Student Reasoning in Mathematics. Shorouk
Academy. 2025. 27p. https://doi.org/10.13140/RG.2.2.18723.57120

Rapanta, C., Macagno, F. Authentic questions as prompts for productive and constructive sequences: A
pragmatic approach to classroom dialogue and argumentation // Dialogic Pedagogy: A Journal for Studies of
Dialogic Education. 2023. N? 11(3). P. 65-87. https://doi.org/10.5195/dpj.2023.546

Vartiak L., Jaseckova G., Konvit M. Logic as a Tool for Developing Critical Thinking // Rupkatha Journal on
Interdisciplinary Studies in Humanities. 2023. N2 15(2). https://doi.org/10.21659/rupkatha.v15n2.15
Nussbaum, M., Dove, I., Putney, L. Bridging dialogic pedagogy and argumentation theory through critical
guestions // Dialogic Pedagogy: A Journal for Studies of Dialogic Education. 2023. N° 11(3). P. 7-25. https://
doi.org/10.5195/dpj.2023.548

Howe, C. Classroom interaction and student learning: Reasoned dialogue versus reasoned opposition //
Dialogic Pedagogy: A Journal for Studies of Dialogic Education. 2023. N? 11(3). P. 26-41. https://doi.
org/10.5195/dpj.2023.549

Iwuanyanwu, P. What Students Gain by Learning Through Argumentation // International Journal of Teaching
and Learning in Higher Education. 2022. N2 34(1). P. 97-107. URL: https://files.eric.ed.gov/fulltext/
EJ1363755.pdf (nata obpawenmnsa: 10.02.2026).

Berkle, Y., Schmitt, L., Tolzin, A. and others. Measuring university students’ ability to recognize argument
structures and fallacies // Frontiers in Psychology. Sec. Educational Psychology. 2023. N2 14. https://doi.
org/10.3389/fpsyg.2023.1270931

Gonzales, I., Rapanta, C., Larrain, A. Promoting Argumentation Skills Among University Students: A Scoping
Review // Hagher Education Quarterly. 2025. N2 80(1). https://doi.org/10.1111/hequ.70080

Cui, R., Teo, P. Thinking through talk: Using dialogue to develop students’ critical thinking // Teaching and
Teacher Education. 2023. N? 125. https://doi.org/10.1016/j.tate.2023.104068

Tong, Y., Ding, Y. Productive classroom dialogue and its association with student achievement in knowledge-
building environments // Language and Education. 2025. N2 39(1). P. 232-251. https://doi.org/10.1080/095
00782.2024.2323207

Soares, F., Lopes, A.P.,, Nunes, M.P. Promoting logical thinking through challenges in higher education - a
didactic strategy // 18th International Technology, Education and Development Conference; 4-6 march 2024.
Valencia. 2024. P. 5767-5775. https://doi.org/10.21125/inted.2024.1512

Bordas, A., Debrenti, E. University students’ logical thinking in the light of success and perceived difficulty //
International Journal of Mathematical Education in Science and Technology. 2025. N2 56(8). P.1554-1566.
https://doi.org/10.1080/0020739X.2025.2514102

Morrow, R.A. Dialogue, Critical Thinking, and Critical Pedagogy. In: Peters, M.A. (eds) Encyclopedia of
Teacher Education. Singapore: Springer. 2022. 2203 p. https://doi.org/10.1007/978-981-16-8679-5_320
Ellerton, P., Kelly, R. Creativity and critical thinking. In A. Berry, C. Buntting, D. Corrigan, R. Gunstone, A.
Jones (Eds.) Education in the 21st Century: STEM, Creativity and Critical Thinking. Springer International
Publishing. 2021. P. 9-27. https://doi.org/10.1007/978-3-030-85300-6_2

Rapanta C. Argumentation as critically oriented pedagogical dialogue // Informal Logic. 2019. N¢ 39(1).
https://doi.org/10.22329/il.v39i1.5116

Martinez, J.P. C., Catasus, M.G., Fontanillas, T.R. Impact of using learning analytics in asynchronous online
discussions in higher education // International Journal of Educational Technology in Higher Education. 2020.
N2 17(39). https://doi.org/10.1186/s41239-020-00217-y

Lee, K-Y., Samanta, P.K. Teaching Knowledge in the Logic and Engineering Method through Board Games //
Engineering Proceedings. 2023. N? 38(1). P.46. https://doi.org/10.3390/engproc2023038046

Kilpeld, J., Hiltunen, J., Hahkioniemi, M. and others. Analyzing science teachers’ support of dialogic
argumentation using teacher roles of questioning and communicative approaches // Dialogic Pedagogy: A
Journal for Studies of Dialogic Education. 2023. N2 11(3). P. 88-118. https://doi.org/10.5195/dpj.2023.547
Munyati, L. Views of Teachers Towards use of dialogue and argumentation in the mathematics classroom //
International Journal of Research and Innovation in Social Science (IJRISS). 2024. N2 8(11). P. 3549-3558.
https://dx.doi.org/10.47772/1JRISS.2024.8110271

Kizi, G.M.A. Issues Of Developing Logical Thinking In Pedagogical Activity // Central Asian Journal of
Theoretical and Applied Science. 2024. N°05(08). URL: https://cajotas.centralasianstudies.org/index.php/
CAJOTAS (pata obpaweHus: 10.02.2026).

Seif, A.A. Use of logic for improving the higher-order thinking skills of student teachers // European Journal
of Interactive Multimedia and Education. 2023. N? 4(2). https://doi.org/10.30935/ejimed/13393

Altun, E., Ozsevgec, T. Making Argumentation-Based Learning and Teaching Happen: Exploring the
Development of Pre-Service Science Teachers’ Argumentation Competencies // Science and Education. 2025.
N¢ 34. P. 4057-4106. https://doi.org/10.1007/s11191-024-00612-1

Ennis, R.H. Critical Thinking Across the Curriculum: A Vision. Topoi. 2018. N237. P. 165-184. https://doi.
org/10.1007/s11245-016-9401-4

Zenker, F. Introduction: Reasoning, Argumentation, and Critical Thinking Instruction. Topoi. 2018. N2 37(1).
P. 91-92. https://doi.org/10.1007/s11245-016-9416-x

22



26.
27.

28.

29.

30.

31.

32.

368

34.

35.

36.

37.

38.

B9
40.
41.

42.
43.

Irawan, N., Valentina, T.F. The Language of Argumentation: A Book Review // Journal of Language and
Education. 2021. N¢ 7(2). P. 274-276. https://doi.org/10.17323/jle.2021.12538

Boogaart, R., Jansen, H., van Leeuwen, M. The Language of Argumentation. Publisher Springer Cham. 2021.
323 p. https://doi.org/10.1007/978-3-030-52907-9

Les, T. The research potential of educational theory: On the specific characteristics of the issues of education
// Educational Philosophy and Theory. 2017. N 49(14). P. 1428-1440. https://doi.org/10.1080/00131857.2
017.1313716

Nussbaum, M.E., Dove, 1.]., Putney, L.G. Bridging dialogic pedagogy and argumentation theory through
critical questions // Dialogic Pedagogy An International Online Journal. 2023. N2 11(3). P. 7-25. https://doi.
org/10.5195/dpj.2023.548

Rapanta, C., Macagno, F. The Dimensions of Argumentative Texts and Their Assessment // Studia
paedagogica. 2020. N2 24(4). P. 11-44. https://doi.org/10.5817/SP2019-4-1

Gronostay, D. To argue or not to argue? The role of personality traits, argumentativeness, epistemological
beliefs and assigned positions for students’ participation in controversial political classroom discussions //
Unterrichtswiss. 2019. N2 47. P. 117-135. https://doi.org/10.1007/s42010-018-00033-4

Inayah, I., Affandi, A., Moh, A., Hidayat, A. The Role of Logic in Understanding Truth in the Educational
Environment // Journal of English Language and Education. 2026. N? 11(1). P. 87-93. https://doi.
org/10.31004/jele.v11i1.1189

Luchini, P., Rasini Robles, A. Interdisciplinary Transfer of Argumentation Skills: A Case Study on Academic
Writing, Knowledge Integration, and Transferable Skills for STEM Education // American Journal of STEM
Education. 2025. N2 19. P. 101-120. https://doi.org/10.32674/wbm9kb64

Rapanta, C. Argument-based teaching: A necessary 21st-century pedagogical practice // Educacao
Sociedade and Culturas. 2024. N2 67. P. 1-22. https://doi.org/10.24840/esc.vi67.741

Sarvary, M.A., Schmidt, C.M., Juliana, J.R. St., Specht, Ch. D. Perceptions, pedagogies, and challenges

in critical thinking education // A faculty perspective Sec. Higher Education. 2026. N? 11. https://doi.
org/10.3389/feduc.2026.1689765

Toychiyeva, M. The Issue of using logical thinking in the education system: past and present // Spiritual
integration of Turkish peoples: language, literature, culture. 2025. N2 1(1). P. 830-840. https://doi.
org/10.52773/tsuull.conf.2025/UMID8816

Wong, S.S.H. Learning by teaching with deliberate errors promotes argumentative reasoning // Journal of
Educational Psychology. 2025. N2 117(7). P. 1013-1038. https://doi.org/10.1037/edu0000934

Snaza, N. Aleatory entanglements: (Post)humanism, hospitality and attunement - A response to Hugo
Letiche // Journal of Curriculum and Pedagogy. 2018. N2 14. P. 256-272. https://doi.org/10.1080/15505170
.2017.1398700

Letiche, H. Bewildering pedagogy // Journal of Curriculum and Pedagogy. 2017. N° 14. P. 236-255. https://
doi.org/10.1080/15505170.2017.1335662

MeTogonorus negarormku: moHorpadus / E.A. AnekcaHgposa, P.M. AcagynnuH, E.B. bepexHoBa [u ap.];
noa obuw,. pea. B.I' PbiHaak. MockBa: MH®PA-M, 2020. 296 c. DOI 10.12737/monography_594a85bac8
dd55.84618831

MBuH A.A. Jloruka: YuebHuk. M.: lapgapuka, 2003. 352 c.

Conoposa E.A. HoBble Mogenn B cucteme obpasoBaHus: cuHepreTuyeckuii nogxoa. M.: JINBPOKOM, 2011. 342 c.
Nebepnes C.A. YpoBHEBasi METOAOI0IMSA Hayku: MoHorpadus. M.: MpocnekTt, 2023. 208 c.

REFERENCES

1.

UNESCO: Futures of Education: conservation and change. Available at: https://unesdoc.unesco.org/
ark:/48223/pf0000374087?posinSet=3&queryld=78e0a0eb-5ba2-4994-96f5-354d979846b6 (Accessed 24
October 2025).

Mahmoud A.R. Proof and Logic: Foundations, Pedagogy, and Student Reasoning in Mathematics. Shorouk
Academy, 2025. 27 p. DOI: 10.13140/RG.2.2.18723.57120

Rapanta C., Macagno F. Authentic questions as prompts for productive and constructive sequences: A
pragmatic approach to classroom dialogue and argumentation. Dialogic Pedagogy: A Journal for Studies of
Dialogic Education, 2023, no. 11(3), pp. 65-87. https://doi.org/10.5195/dpj.2023.546

Vartiak L., Jaseckova G., Konvit M. Logic as a Tool for Developing Critical Thinking. Rupkatha Journal on
Interdisciplinary Studies in Humanities, 2023, no. 15(2). Available at: https://doi.org/10.21659/rupkatha.
v15n2.15 (Accessed 15 February 2026).

Nussbaum M., Dove, 1., Putney, L. Bridging dialogic pedagogy and argumentation theory through critical
questions. Dialogic Pedagogy: A Journal for Studies of Dialogic Education, 2023, no. 11(3), pp. 7-25.
https://doi.org/10.5195/dpj.2023.548

Howe C. Classroom interaction and student learning: Reasoned dialogue versus reasoned opposition.
Dialogic Pedagogy: A Journal for Studies of Dialogic Education, 2023, no. 11(3), pp. 26-41. https://doi.
org/10.5195/dpj.2023.549

Iwuanyanwu P. What Students Gain by Learning Through Argumentation. International Journal of Teaching
and Learning in Higher Education, 2022, no. 34(1), pp.97-107. Available at: https://files.eric.ed.gov/
fulltext/EJ1363755.pdf (Accessed 10 Ferbruary 2026).

Berkle Y., Schmitt L., Tolzin A. and others. Measuring university students’ ability to recognize argument

23



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.
25.
26.
27.

28.

29.

30.

31.

32.

structures and fallacies. Frontiers in Psychology. Sec. Educational Psychology, 2023, no.14. Available at:
https://doi.org/10.3389/fpsyg.2023.1270931 (Accessed 20 February 2026).

Gonzales I., Rapanta C., Larrain A. Promoting Argumentation Skills Among University Students: A Scoping
Review. Higher Education Quarterly, 2025, no. 80(1). Available at: https://doi.org/10.1111/hequ.70080
(Accessed 15 February 2026).

Cui R., Teo P. Thinking through talk: Using dialogue to develop students’ critical thinking. Teaching and
Teacher Education, 2023, no. 125. Available at: https://doi.org/10.1016/j.tate.2023.104068 (Accessed 10
February 2026).

Tong Y., Ding, Y. Productive classroom dialogue and its association with student achievement in knowledge-
building environments. Language and Education, 2025, no. 39(1), pp. 232-251. https://doi.org/10.1080/09
500782.2024.2323207

Soares F., Lopes A.P., Nunes M.P. Promoting logical thinking through challenges in higher education - a
didactic strategy. 18th International Technology, Education and Development Conference. Valencia, Spain,
2024, pp. 5767-5775. DOI: 10.21125/inted.2024.1512.

Bordas, A., Debrenti, E. University students’ logical thinking in the light of success and perceived difficulty.
International Journal of Mathematical Education in Science and Technology, 2025, no. 56(8), pp. 1554-
1566. Available at: https://doi.org/10.1080/0020739X.2025.2514102 (Accessed 20 February 2026).
Morrow R.A. Dialogue, Critical Thinking, and Critical Pedagogy. In: Peters, M.A. (eds) Encyclopedia of
Teacher Education. Singapore: Springer, 2022. 2203 p. https://doi.org/10.1007/978-981-16-8679-5_320
Ellerton, P., Kelly R. Creativity and critical thinking. In A. Berry, C. Buntting, D. Corrigan, R. Gunstone, A.
Jones (Eds.) Education in the 21st Century: STEM, Creativity and Critical Thinking. Springer International
Publishing, 2021, pp. 9-27. https://doi.org/10.1007/978-3-030-85300-6_2

Rapanta C. Argumentation as critically oriented pedagogical dialogue. Informal Logic, 2019, no. 39(1).
Available at: https://doi.org/10.22329/il.v39i1.5116 (Accessed 03 March 2026).

Martinez J.P. C., Catasus M.G., Fontanillas T.R. Impact of using learning analytics in asynchronous online
discussions in higher education. International Journal of Educational Technology in Higher Education, 2020,
no. 17(39). https://doi.org/10.1186/s41239-020-00217-y

Lee K-Y, Samanta P.K. Teaching Knowledge in the Logic and Engineering Method through Board

Games. Engineering Proceedings, 2023, no. 38(1), pp. 46. Available at: https://doi.org/10.3390/
engproc2023038046 (Accessed 08 February 2026).

Kilpela, J., Hiltunen, J., Hahkiéniemi, M. and others. Analyzing science teachers’ support of dialogic
argumentation using teacher roles of questioning and communicative approaches. Dialogic Pedagogy: A
Journal for Studies of Dialogic Education, 2023, no. 11(3), pp.88-118. https://doi.org/10.5195/dpj.2023.547
Munyati L. Views of Teachers Towards use of dialogue and argumentation in the mathematics classroom.
International Journal of Research and Innovation in Social Science (IJRISS), 2024, no. 8(11), pp. 3549-
3558. Available at: https://dx.doi.org/10.47772/1JRISS.2024.8110271 (Accessed 03 March 2026).

Kizi G.M.A. Issues Of Developing Logical Thinking In Pedagogical Activity. Central Asian Journal of Theoretical
and Applied Science, 2024, no. 05(08). Available at: https://cajotas.centralasianstudies.org/index.php/
CAJOTAS (Accessed 10 February 2026).

Seif, A.A. Use of logic for improving the higher-order thinking skills of student teachers. European Journal of
Interactive Multimedia and Education, 2023, no. 4(2). Available at: https://doi.org/10.30935/ejimed/13393
(Accessed 20 February 2026).

Altun, E., Ozsevgec, T. Making Argumentation-Based Learning and Teaching Happen: Exploring the
Development of Pre-Service Science Teachers’ Argumentation Competencies. Science and Education, 2025, no.
34, pp. 4057-4106. Available at: https://doi.org/10.1007/s11191-024-00612-1 (Accessed 10 February 2026).
Ennis, R.H. Critical Thinking Across the Curriculum: A Vision. Topoi, 2018, vol. 37, issue 1, pp.165-184.
https://doi.org/10.1007/s11245-016-9401-4

Zenker F. Introduction: Reasoning, Argumentation, and Critical Thinking Instruction. Topoi, 2018, vol. 37,
issue 1, pp. 91-92. DOI: 10.1007/s11245-016-9416-x

Irawan N., Valentina T.F. The Language of Argumentation: A Book Review. Journal of Language and
Education, 2021, no. 7(2), pp.274-276. DOI: 10.17323/jle.2021.12538

Boogaart R., Jansen H., van Leeuwen M. The Language of Argumentation. Publisher Springer Cham, 2021.
323 p. DOI: https://doi.org/10.1007/978-3-030-52907-9

Les$ T. The research potential of educational theory: On the specific characteristics of the issues

of education. Educational Philosophy and Theory, 2017, no. 49(14), pp. 1428-1440. DOI:
10.1080/00131857.2017.1313716

Nussbaum M.E., Dove 1.]., Putney L.G. Bridging dialogic pedagogy and argumentation theory through critical
questions. Dialogic Pedagogy An International Online Journal, 2023, no. 11(3), pp. 7-25. Available at:
https://doi.org/10.5195/dpj.2023.548 (Accessed 27 February 2026).

Rapanta C., Macagno F. The Dimensions of Argumentative Texts and Their Assessment. Studia paedagogica,
2020, no. 24(4), pp. 11-44. DOI:10.5817/SP2019-4-1

Gronostay D. To argue or not to argue? The role of personality traits, argumentativeness, epistemological
beliefs and assigned positions for students’ participation in controversial political classroom discussions.
Unterrichtswiss, 2019, no. 47, pp. 117-135. https://doi.org/10.1007/s42010-018-00033-4

Inayah I., Affandi A., Moh A., Hidayat A. The Role of Logic in Understanding Truth in the Educational
Environment. Journal of English Language and Education, 2026, no. 11(1), pp. 87-93. https://doi.
org/10.31004/jele.v11i1.1189

24



33.

Luchini, P., Rasini Robles, A. Interdisciplinary Transfer of Argumentation Skills: A Case Study on Academic

Writing, Knowledge Integration, and Transferable Skills for STEM Education. American Journal of STEM
Education, 2025, no.19, pp.101-120. DOI:10.32674/wbm9kb64

34.

Rapanta C. Argument-based teaching: A necessary 21st-century pedagogical practice. Educacdo Sociedade

and Culturas, 2024, no. 67, pp. 1-22. https://doi.org/10.24840/esc.vi67.741

35.

Sarvary M.A., Schmidt C.M., Juliana J.R. St., Specht Ch. D. Perceptions, pedagogies, and challenges in

critical thinking education. A faculty perspective Sec. Higher Education, 2026, no. 11. Available at: https://
doi.org/10.3389/feduc.2026.1689765 (Accessed 08 February 2026).

36.

Toychiyeva M. The Issue of using logical thinking in the education system: past and present. Spiritual

integration of Turkish peoples: language, literature, culture, 2025, no. 1(1), pp. 830-840. DOI1:10.52773/

tsuull.conf.2025/UMID8816
37.

Wong S.S.H. Learning by teaching with deliberate errors promotes argumentative reasoning. Journal of

Educational Psychology, 2025, no. 117(7), pp. 1013-1038. https://doi.org/10.1037/edu0000934

38.

Snaza N. Aleatory entanglements: (Post)humanism, hospitality and attunement - A response

to Hugo Letiche. Journal of Curriculum and Pedagogy, 2018, no. 14, pp. 256-272. DOI:

10.1080/15505170.2017.1398700
39.
10.1080/15505170.2017.1335662
40.

Letiche H. Bewildering pedagogy. Journal of Curriculum and Pedagogy, 2017, no. 14, pp. 236-255. DOI:

Methodology of pedagogy: monograph / E.A. Alexandrova, R.M. Asadullin, E.V. Berezhnova [and others];

under general ed. V.G. Ryndak. Moscow, INFRA-M Publ., 2020. 296 p. (in Russ.) DOI: 10.12737/monography

_594a85bac8dd55.84618831
41,
42,

342 p. (in Russ.)
43.

ABTOpbDI

KopxyeB AHgopen BauecnaBoBuy
(Poccusi, Mocksa)

[Mpodpeccop, AOKTOp negarornyecknx Hayk, npodgeccop kadenpbl
MeAULIMHCKOW 1 Buonoruyecko puamknm NHCTUTyTa LdpoBoro
GuoamsariHa U UCKYCCTBEHHOIO UHTENIEKTa B MeauuuHe
®rAQY BO lMepsbii MTMY um. N.M. CeueHoBa MuHaapasa Poccum
(CeueHOBCKUI YHUBEPCUTET)

E-mail: akorjuev@mail.ru
ORCID 0000-0002-7454-038X
Scopus Author ID: 6506830391

KoHTapoB Hukonau AnekcaHapoBuy
(Poccwusi, Mocksa)

Kananpat Gruonornyeckux Hayk, 4OLEHT Kadeapbl MeanLMHCKON
n 6ronoruyeckon pusunkm MHcTutyTa umdposoro GuoamsanHa n
MNCKYCCTBEHHOIO UHTENMNeKTa B MeauuyHe
®rAQY BO MNepsbit MTMY nm. .M. CeveHosa Munaapasa Poccum
(Ce4veHOBCKMI YHNBEPCUTET)

E-mail: kontarov@mail.ru
ORCID 0000-0003-0030-4867
Scopus Author ID: 35748709800

®ponosa CeeTnaHa BanepueBHa
(Poccusi, Mocksa)

[loueHT, KaHAMAAT NCUXONOTNYECKUX HayK, AOLEHT kadeapbl
negarorvkv U MeguLUMHCKON nemuxonornn VIHCTuTyTa neyxonoro-
coumanbHoun paboThbl
®rAQY BO lMepsbii MTMY um. N.M. CeueHoBa MuHaapasa Poccum
(CeueHOBCKUI YHUBEPCUTET)

E-mail: frolova-s80@mail.ru
ORCID 0000-0003-0988-3228
Scopus Author ID: 57205332489

Bknag aBTopoB

KopxyeB A. B.: KoHUenTyanusauus, MeTogonorus, cosgaqve
YepHOBMKa pyKonucy
KonTapos H. A.: npoBefeHue nccnenoBaHvs, Co3aaHne pykonvucu un
eé pegakTnpoBaHue
®ponoga C. B.: npoBeaeHne nccnegosaHuns, cosgaHne pykonucu u
eé pegakTnpoBaHue

© Kopxyes A. B., KoHtapos H. A., ®ponosa C. B., 2026

ABTOpPbI 3asIBMSAOT 06 OTCYTCTBUM KOHNNKTA MHTEPECOB

25

Ivin A.A. Logic: Textbook. M.: Gardarika, 2003. 352 p. (in Russ.)
Solodova E.A. New models in the education system: a synergetic approach. Moscow, LIBROKOM Publ., 2011.

Lebedev S.A. Level methodology of science: monograph. Moscow, Prospect Publ., 2023. 208 p. (in Russ.)

Authors

Andrey V. Korzhuev
(Moscow, Russia)
Dr. Sci. (Education), Professor, Department of Medical and Biological
Physics
Sechenov First Moscow State Medical University
E-mail: akorjuev@mail.ru
ORCID 0000-0002-7454-038X
Scopus Author ID: 6506830391

Nikolai A. Kontarov
(Moscow, Russia)
Cand. Sci. (Biology), Associate Professor, Department of Medical and
Biological Physics
Sechenov First Moscow State Medical University
E-mail: kontarov@mail.ru
ORCID 0000-0003-0030-4867
Scopus Author ID: 35748709800

Svetlana V. Frolova
(Moscow, Russia)

Associate Professor, Cand. Sci. (Psychology), Associate Professor of
the Department of Pedagogy and Clinical Psychology
Sechenov First Moscow State Medical University
E-mail: frolova-s80@mail.ru
ORCID 0000-0003-0988-3228
Scopus Author ID: 57205332489

Authors contribution

Andrey V. Korzhuev: Conceptualization, Methodology, Writing -
Original Draft
Nikolay A. Kontarov: Investigation, Writing - Review & Editing
Svetlana V. Frolova: Investigation, Writing - Review & Editing

© Andrey V. Korzhueyv, Nikolay A. Kontarov,
Svetlana V. Frolova, 2026

The authors declared no conflicts of interest



