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Researchers of the phenomenon of tacit knowledge did not pay enough attention to the specifics of
their participation in various stages of scientific research. Thoughts of the most outstanding scientists on
this topic can be considered as meaningful sources of information of this question. Therefore, the purpose
of the work is analysis of the role and functions of tacit knowledge in scientific research process based on
the materials of self-observation and self-analysis of researchers-scientists of 20th century. The subject of
the analysis was the first and the least researched stage of finding and formulating the research problem.
Based on the reasoning of outstanding scientists of 20th century A. Einstein, A. Poincaré, J. Hadamard,
we can be ensured that the deep prerequisites of theoretical choice have their origin in intuitively obvious
ideas for a wide range of scientific community about the structure and characteristics of reality, which are
“embedded” in the scientific theory. The most fundamental fragments of tacit knowledge take part in this
process, which are equally determined by the cultural and historical environment, as well as by the personal
characteristics and passions of a particular scientist. Such tacit knowledge forms the basis of “picture of the
Universe” described by M. Polanyi in his work. It should be noted that the initial selection of the problem
for research is carried out unconsciously from the material that is in an implicit form, so the choice can be
influenced by displaced layers of tacit knowledge that are beyond the control of consciousness. Sometimes
the displaced tacit knowledge becomes the cause of a negative choice, even rejection of one or another
theoretical construction, as well as even “unfounded” forgetting of correctly posed problems. The analysis
made it possible to come to the following conclusions. Acquaintance with the works of published scientists
of the 20th century. proved that tacit knowledge is included in scientific and cognitive activity at its very first
stages. At the beginning of the research, the most active is the deep layer of tacit knowledge — prerequisite,
worldview, and others that are part of the general picture of the Universe. Their functioning in conjunction
with purposeful logical thinking stimulates the activation of new, diverse types of tacit knowledge. The
scientific novelty of the work lies in the fact that significant material was collected from the works of
outstanding scientists, which not only confirms the active participation of tacit knowledge in research
activities, but also allows us to analyse the specifics of this participation at various stages of the realization
of knowledge.
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Introduction. As is known, the term “tacit knowledge” was introduced into scientific use by
M. Polanyi in his work “Personal Knowledge: Towards a Post-Critical Philosophy” [1]. But long
before the 20th century, the most outstanding philosophers and scientists of the past paid attention
to the unconscious components of cognition. However, Plato’s “remembering”, R. Descartes’
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innate ideas, B. Pascal’s “presuppositions”, and I. Kant’s a priori forms of knowledge, thanks to
their formulation, allegedly “removed” these specific forms of knowledge from the “power” and
control of the individual mind, that is, they had considered them as factors external to subjective
human cognition. Polanyi’s merit lies precisely in the fact that he was not only summarized the
results of the thoughts of his predecessors, in particular, scientists, natural scientists, about the
important role of tacit knowledge in scientific cognition, but also for the first time in the history
of philosophy declared the existence of implicit cognitive components that is an integral part of
the personal cognitive sphere of the subject of knowledge. It should be noted that Polanyi used
the term “tacit knowledge”, while in modern studies the concept “implicit knowledge” is quite
commonly used, which is considered as a synonym.

Research by Polanyi’s successors — M. Mulkay [2], G. Gilbert, T. Kuhn [3], J. Watkins,
S. Papert and M. Minsky [4] — proved that tacit knowledge takes part in any cognitive actions of
a person. In our opinion, particular importance for the theory of cognition is the analysis of the
participation of tacit knowledge in the most rational and maximally conscious type of cognition —
scientific cognition. Over the past half-century, this direction has received some (although, in our
opinion, not enough) attention. We can mention, for example, the works of M. Melnychuk [5],
in which tacit knowledge was the subject of analysis, analogous to the subject of any scientific
research, that is, certain facts, data, etc. were investigated and rationally considered. We propose
to approach this problem from a slightly different angle — to analyze how the participation of tacit
knowledge in scientific research is perceived by the participating scientists themselves. It should
be said that in the 20th century a significant number of scientists were interested in this issue, so
we have enough material to analyse what role, according to scientists, tacit knowledge plays at
various stages of scientific research.

Purpose and subject of research. So, the goal of our research can be formulated as
follows: analysis of the role and functions of tacit knowledge at various stages of scientific
research process, based on the materials of self-observation and self-analysis of researchers-
scientists who took a direct part in scientific and cognitive activities. Accordingly, various types
of tacit knowledge, which, depending on their characteristics, take part in the cognitive activity of
scientists at various stages of their research work became the subject of research. It is necessary
to remind that scientific research includes certain stages: search and formulation of the research
problem, selection and implementation of empirical methods of obtaining data, interpretation
of the received information, analysis, formula and mathematical processing of it, finding new,
previously unknown regularities or characteristics of the object under study. But the volume of
our work does not allow us to consider all of them in detail, so in this work we will focus on the
analysis of the role of tacit knowledge at the first stage of scientific research, which has not yet
attracted enough attention of researchers — the stage of problem selection.

Sources. In accordance with the set goal, we turned directly to the works of scientists —
predecessors and contemporaries of M. Polanyi, who paid attention or even tried to analyse the
place and participation of tacit knowledge in their scientific and professional activities. In our
opinion, the important role in this topic has thoughts of A. Poincaré, who also Like I. Kant in
his time, became interested in the question of how a scientist discovers something new, how
researchers arrive at unexpected answers, how the process of scientific creativity takes place in
general. He was not only independently reflected on these questions, he corresponded on this
topic with many outstanding contemporaries, representatives of science of that time — A. Einstein
[6], P. Dirac, M. Planck and others. The results of these reflections were embodied in several
articles and essays by Poincaré [7]. An important contribution to the development of this issue was
also made by the works of outstanding scientist of those times, J. Hadamard, who meticulously
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analysed the process of scientific activity, particularly, and its creative component. Therefore,
his works provide many materials for conclusions about the role of unconscious components
at various stages of scientific research [8]. The particular interest are individual statements on
this matter by such outstanding scientists as A. Einstein, P. Feyerabend [9], T. Kuhn [3], who,
in one way or another, paid attention to the process of their own cognition and, particularly, on
participation of unconscious components in it.

Main material and results. Based on self-analysis of creative process of famous
scientists of their time (A. Poincaré, A. Einstein, J. Hadamard, G. Helmholtz, etc.), H. Wallace
once proposed a scheme of scientific creative process, which remains acceptable to this day.
This scheme includes four stages: the stage of preparing a scientific discovery; the stage of its
“ripening”’; a moment of sudden enlightenment; stage of the next inspection.

Most researchers associate the greatest subjective and psychological stress not with the
initial stages, but with the moment of enlightenment, insight, the point of “emergence from
nonexistence” of new knowledge [10]. However, the first stages of scientific research work should
be considered no less important and no less “loaded” with unconscious components, particularly,
searching for research problem, its more or less clear formulation, and associated identification of
possible ways and directions for solving this problem. Identifying and posing a problem reveals
the incompleteness of previous knowledge and thus is a necessary moment in transition to a new
knowledge.

Problems not only separate one science from another in terms of content, but the problem
also provides scientific research with a creative character. The choice of the problem coincides
with the choice of research direction, which consists of solution efforts of the problem. That is
why representatives of modern epistemology agree with the opinion of A. Poincaré that creativity
and invention are, first of all, the ability to choose [7]. As a rule, the implementation of this
choice begins with the orientation of the scientist in the problem space of his science and the
subsequent determination of boundaries of a narrower problem area. It is necessary to emphasize
that the initial orientation in the problem field of science directly depends on the unconscious
fundamental theoretical ideas that each scientist has, which is the basis of any cognitive actions.
The choice that a scientist makes at the first stage determines the entire course of his further work.
In fact, this choice determines not only the direction or a specific problem, as a result, methods,
ascending basic concepts/theories, mathematical apparatus, etc. are also “automatically” selected.

The deep prerequisites of the theoretical choice have their origin in the ideas of structure
and characteristics of reality that are intuitively obvious to a wide range of scientific community,
which are supposedly “embedded” in the scientific theory. Therefore, the implicit justification for
theoretical preferences is the idea of the world and ways of knowing it, that is, a certain picture
of the world, deeply rooted in the consciousness of people, including scientists of a certain era.
It was this kind of prerequisites that complicated the relationship between traditional, classical
and innovative, relativistic concepts at the beginning of the 20th century, when scientists had to
choose between Newton’s theory of gravitation and A. Einstein’s general theory of relativity.
According to him, this was a turning point that led to doubts in the ideas that were common
among scientists at that time, in particular, the confidence that fundamental concepts and laws can
be deduced from experiments by abstraction [6].

Both generally accepted, traditional concepts and those that replaced them can be
classified as paradigmatic, in T. Kuhn’s terminology, knowledge that is common to all members
of scientific community. However, researchers often forget about the subjective “carrier” of
the theory, its creator and interpreter, about specific scientist who makes a choice in favor of a
certain theoretical construction. So, the choice between paradigms and theories is determined
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not only by logic and experiment. Along with social and scientific-cognitive reasons, one can
always find deep-personal motives, which quite often determine the final choice of theoretical
basis for further research. In fact, the individual subject is the bearer of these “paradigmatic
attitudes” and considers them through his own subjectivity. Kuhn also wrote that: “Each will
have learned to translate the other’s theory and its consequences into his own language and
simultaneously to describe in his language the world to which that theory applies” [3, p. 202].
Thus, already at the stage of orientation in the general problem field of science, unconscious
components and, tacit knowledge significantly influence the choice of a problem area for research
and basic theoretical prerequisites. The most profound fragments of tacit knowledge take part in
this process, which are equally determined by cultural and historical environment and personal
characteristics and passions of a particular scientist. Such tacit knowledge forms basis of the
“picture of the Universe”, which M. Polanyi described in his work [1]. It can be assumed that
this “picture” includes worldview, archetypal, prerequisite types of tacit knowledge. Therefore,
it can be assumed that the role of the personal factor increases significantly at the moment of
choosing a specific problem for research. Observing the activities of individual scientists, as well
as their self-observation, makes it possible to assert that a conscious list and critical analysis of
all possibilities is not only mandatory, but also impossible [8]. Modern researchers of scientific
creativity agree with the statement that, in general, the selection of problems is mostly creative in
nature, and this process requires intuition and experience rather than methodology. For example,
J. Hadamard mentions a case when he studied one algebraic question (about determinants),
guided only by the feeling that it deserves interest, but not seeing in its study a real benefit for
science. Only seven years later, Fredholm’s theory has appeared, for which the result obtained by
Hadamard was quite significant [8].

Hadamard, by the way, was sure that, along with artistic or literary taste, talented
researchers and inventors also have a scientific “taste”. He agrees with Poincaré’s opinion that
in the process of choosing a problem, one of the important driving forces, a “guide” for a true
scientist is “that invention is choice that this choice is imperatively governed by the sense of
scientific beauty” [8, p. 31]. According to Poincaré, an intuitive sense of mathematical order, which
allows us to guess harmony and hidden relationships, helps a scientist not only to feel the order
in mathematical reasoning, but also to “see” the entire reasoning as a whole [7]. Sometimes this
sense of beauty and perfection becomes a determining factor in choosing a problem for research.

It should be noted that the initial selection of the problem for research is carried out
unconsciously from the material that is in an implicit form, so the choice can be influenced by
displaced layers of tacit knowledge that are beyond the control of consciousness. Sometimes
the displaced tacit knowledge becomes the cause of a negative choice, even rejection of one or
another theoretical construction, as well as even “unfounded” forgetting of correctly formulated
problems. There are also cases when a scientist, relying on his own subjective inclinations,
defines for himself a certain theory as unscientific, while the closest scientific community holds
a different opinion. At the same time, negative reasoning can be pushed out of consciousness,
but it is not completely lost, it turns into the form of tacit knowledge and exists in this form,
“waiting” for the moment for its actualization. Poincaré found himself in a similar situation,
who categorically denied the necessity of Riemann’s or Lobachevsky’s geometry. He could not
find suitable mathematical arguments for simplification, he referred to the authority of Kant to
prove the unity and universality of Euclidean geometry, since it is an a priori form of human
perception of the world, and therefore unchanging [7]. Thus, the internal subjective rejection of
non-Euclidean geometry turned out to be so strong that it “overwhelmed” even mathematical
and logical proofs, and forced to look for arguments of a worldview, philosophical type. In a
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situation of choosing from several theories, such negative information, which is embedded in
tacit knowledge, can block memory processes at an unconscious level. As a result, the subject
cannot remember a certain theory at all, although it may be part of the context of all existing
theories of this or that branch of science.

Another important and fundamentally unaware element of scientific creativity at the
beginning is intuition. A. Poincaré was the first who paid attention to its special role in the choice
of research paths. In a work on the role of intuition and logic in mathematics, he wrote “Pure
analysis puts at our disposal a multitude of procedures whose infallibility it guarantees; it opens
to us a thousand different ways on which we can embark in all confidence; we are assured of
meeting there no obstacles; but of all these ways, which will lead us most promptly to our goal?
Who shall tell us which to choose? We need a faculty which makes us see the end from afar, and
intuition is this faculty. It is necessary to the explorer for choosing his route; it is not less so to the
one following his trail who wants to know why he chose it” [7, p. 218].

Observations of modern psychologists have proven that formulation that arose in an
“insightful” way becomes personally closer and more valuable to the author than the one that
was obtained in a logical, analytical and rational way. The subjective feeling of correctness is not
always possible to substantiate rationally and logically, especially at the first stage of research.
Nevertheless, the researcher himself agreed to changes in the formulation of the problem with great
unwillingness and only under considerable pressure. This testifies significant role of unconscious
cognitive elements that they play in this case. It can even be said that the scientist’s attitude to the
problem, that he independently formulated is based not only and even not so much on emotions,
including “intellectual” ones, but also on those ascending personal tacit knowledge, which, in
fact, ensure the emergence of such formulation. The only argument in such cases, scientists quite
often use the already mentioned “feeling of inner perfection”, “aesthetic harmony”, etc., since all
actual scientific, experimental or theoretical and logical proofs have to be obtained [6].

At the stage of clarifying the formulation of the problem, a choice is also made between
specific “competing” options. The review and analysis of these options, their evaluation for
maximum adequacy to the ascending prerequisites are carried out simultaneously on the
conscious-reflexive and unconscious levels. In these considerations, one can refer to Poincaré,
who assumed the presence of a so-called “filter” in the situation of choosing a problem. In his
opinion, a similar role is played by the already mentioned sense of beauty, which, according to
him, “commands the process of choice” [8]. Judging by his memories J. Hadamard was guided
exclusively by the influence of such feeling when choosing the topic of his doctoral dissertation.
He recalled that first, he could not logically justify his choice. Verbal argumentation arose much
later, already in the process of direct research [8]. Based on one of the modern typologies of tacit
knowledge [11], we can assume that in the composition of such “filter” a special role will be
played by those types of tacit knowledge that have a predominantly extrapersonal source — this
is objective and paradigmatic tacit knowledge, well-known, anti-paradigmatic. However, it must
be emphasized that, next to them, for the final conceptualization of the problem, such types of
tacit knowledge as systemic and contextual, which provide personal content to any conceptual
fragment of human knowledge, have essential importance.

Conclusions. Therefore, the analysis of opinions of scientists of the 20th century about
the role of unconscious components in their scientific activity made it possible more accurately
and meaningfully consider the participation of tacit knowledge in the activity of scientist at
the first stages of scientific knowledge. We see that tacit knowledge is actively functioning
from the first moment of acquaintance with the problem, even from the moment of its search.
Primary information “triggers” certain fragments of tacit knowledge, then other complexes of
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tacit knowledge will be added to them gradually. At the beginning of the research, the most
active is the deep layer of tacit knowledge — prerequisite, worldview, and others that are part of
general picture of Universe. Their functioning in conjunction with purposeful logical thinking
stimulates the activation of new, diverse types of tacit knowledge. In the process of processing
fact information, one of the most important and very essential advantages for cognitive activity
of tacit knowledge is realized — the possibility of simultaneously processing information at
several levels of unconscious and using various types of tacit knowledge. It is quite likely to
assume that representation/information about the same fragment of reality, which is contained in
paradigmatic, common knowledge, hidden and another tacit knowledge, will always be different.
Therefore, the results obtained in the process of unconscious analysis of these ideas can and will
have certain differences.

Acquaintance with the works of J. Hadamard and A. Poincaré demonstrated that scientist
not always aware of the role of these tacit components in his work. Sometimes he guesses about
their participation in the creative search only after its completion. However, thanks to the given
examples of self-analysis of outstanding scientists, we have the opportunity to accurately and
fully imagine the principles of action of tacit knowledge, variety of their participation in scientific
research process, etc. It should be emphasized that with all the variety of tacit knowledge that
takes part in one or another cognitive action, they do not function in a chaotic manner. Tacit
knowledge is structured in a certain way, depending on the content of the problem that the
scientist solves/researches, while at each stage of cognitive process, a specific structure is created
to solve a specific narrow problem. Thus, it can be concluded that further analysis of works of
famous scientists, which in one way or another relate to the process of obtaining new knowledge,
will provide an opportunity to investigate the problem of tacit knowledge more thoroughly as an
element of unconscious cognitive system of a person.
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YYACTD HESIBHUX 3HAHBb Y HAYKOBOMY ITPOLECI
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Jocnigauky peHOMeHy HesIBHUX 3HaHb HE NPUIUIMIN JOCTaTHBO! YBAark IIMTaHHIO PO CrieluQiKy
1X y4acTi y pi3HHUX eTarax HayKOBOro J0ciikeHHs . OHUM i3 3MICTOBHUX JiKepes iHpopMallii o0 s0ro
IHUTaHHSI MOKHA BBAXKAaTH PO3YMH HA I[I0 TEMy CaMUX BHIATHUX HayKoBLIB. ToMy MeTOI0 poOoTH € aHaii3
poui Ta QyHKIIH HESIBHOTO 3HAHHS Y HAyKOBO-OCIIIHOMY MPOIIeCi Ha OCHOBI MarepiaiiB caMocmocTepe-
JKEHHS Ta CaMOaHaJi3y JOCIiIHMKiB-HaykoBIiB XX cT. [Ipeamerom aHanizy craB Haiinepiuuii i HaliMeHIT
JOCIIDKEHHUH eTarl MOoIIyKy 1 popMyimtoBaHHs pobiieMu fociipreHHs . CIupaloyrch Ha MipKyBaHHS BUAAT-
Hux BueHux XX ct. — A. Eifnmreiina, A. Ilyankape, XK. Anamapa, Mo>kHa BIEBHUTUCH Y TOMY, 110 TIIMOMHHI
HepeayMOBH TEOPETHYHOrO BHOOpPY OepyTh CBiH IIOYATOK B iHTYITMBHO OYEBHIHUX IS LIMPOKOTO KOJa
HayKOBOI CITUIBHOTH YSIBJIEHb IPO CTPYKTYPY 1 XapaKTEPUCTUKH PEAIbHOCTI, SKi «BOYyIOBaHI» B HAyKOBY
Teopiro. B npoMy nmpoueci npuiiMaroTh y4acTb HalOUIbII GyHAaMEeHTaNbH pparMeHTH HESIBHUX 3HAHb, SIKi
B OIHAKOBIl Mipi BU3HAYAIOTHCS SIK KYJIBTYPHO-ICTOPHYHUM CEPEIOBHUIIEM, TaK i 0COOMCTICHUMH 0COOIH-
BOCTSIMH I IIPHCTPACTSIMU KOHKPETHOTO BYEHOro. Taki HEesIBHI 3HAHHS CKJIQJAIOTh OCHOBY «KAapTHHH YHi-
BEPCYMY», SIKy omucaB y cBoiil po6oti M. ITonani. Ciia BiIMITHTH, 10 MOYATKOBHIA BUOIp poOiemMu Jist
JOCIIIDKEHHS 341HCHIOETHCS HEYCBIIOMIICHO 3 TOTO MaTepiaity, IKMil 3HaXOAUTHCS Y HEsIBHIN (opMi, TOMY Ha
BUOIp MOXXYTb BIUIMBATH BUTICHEHI IUIACTU HESBHUX 3HAHB, SKi 3HAXOISTHCS 11032 KOHTPOJIEM CBiZIOMOCTI.
IHOZI BUTICHEH] HESIBHI 3HAHHS CTAalOTh NPUYMHOIO HEraTUBHOTO BUOOPY, HABIiTh BiIMOBH BiJ Ti€l UM iHIIOL
TEOPeTHYHOI MOOYAOBH, a TAKOXK HABITH «HEOOIPYHTOBaHE» 3a0yBaHHS IPABUIEHO ITOCTABICHUX MPOOIEM.
[IpoBenenuit anaii3 1O3BOJIUB IIPUIATH 10 HACTYITHUX BUCHOBKIB. 3HAH{OMCTBO 3 p0OOOTaMM BUAAHUX BYCHUX
XX CT. 10BETIO, 1110 HESIBHI 3HAHHSI BKJTFOYAIOTHCS 10 HAYKOBO-TTI3HABAIBHOT TiSUTbHOCTI HA CAMUX TEPIIUX ii
eranax. Ha moyarky nociimkeHHs: HalOUIbII aKTHBHUM € IIMOMHHUM Iap HesIBHUX 3HaHb — NEPEeIyMOBHI,
CBIiTOIIA/HI i iHIL, IO BXOMSTH [0 3arajbHOI KApTHHM YHiBepcyMy. IX (yHKI[iOHYBaHHS CyMicHO 3 Hine-
CIPSIMOBAHUM JIOTTYHIM MHCJICHHSIM CTUMYJIFO€ aKTHBi3allif0 HOBUX, HAHPI3HOMAHITHIIINX TUITIB HESIBHUX
3HaHb. HaykoBa HOBH3HA poOOTH ToOJsIrae y ToMy, 1o Oyso 3i0paHo 3HAYHMIT MaTepias 3 poOiT BUAATHUX
BUCHUX, SIKUH HE JIMIIE NiITBEPIKYE aKTUBHY Y4acTh HESIBHUX 3HaHb y HAYKOBO-IOCIIIHIH IisSUTBHOCTI, ane
1 n03BOIISIE IpoaHatizyBaTu cneldiky i€l yuacTi Ha pi3HUX eranax 34iHCHeHHS ITi3HaHHSI.

Kniouosi cnosa: HayKOBO-IOCIITHUIA POLIEC, €TAIM HAYKOBOTO JIOCIIIKEHHSI, KOTHITHBHA CHCTEMA,
HEsIBHE 3HAHHS, IMIUTIIIMTHE 3HAHHS, CAMOAHaJIi3 Ta CAMOCIIOCTEPEKEHHS BUIATHUX BUCHHX.



