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Abstract—Tacit knowledge has been one of the most discussed
and contradictory concepts in the field of knowledge management
since the mid 1990s. The concept is used relatively vaguely to refer
to any type of information that is difficult to articulate, which has led
to discussions about the original meaning of the concept (adopted
from Polanyi’s philosophy) and the nature of tacit knowing. It is
proposed that the subject should be approached from the perspective
of cognitive science in order to connect tacit knowledge to
empirically studied cognitive phenomena. Some of the most
important examples of tacit knowing presented by Polanyi are
analyzed in order to trace the cognitive mechanisms of tacit knowing
and to promote better understanding of the nature of tacit knowledge.
The cognitive approach to Polanyi’s theory reveals that the
tacit/explicit typology of knowledge often presented in the
knowledge management literature is not only artificial but totally
opposite approach compared to Polanyi’s thinking.
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I. INTRODUCTION

ICHAEL Polanyi’s epistemology has been a subject to

considerable amount of interest in the field of
contemporary management research. Particularly, the concept
of tacit knowledge has become a common buzzword that is
almost impossible to avoid seeing in the contemporary
knowledge management (KM) literature. In the 1990’s
Polanyi’s tacit knowledge became related to the widely
supported claim that organizations can achieve competitive
advantages by using effectively their unique knowledge (see
e.g. [1]). Since then possible procedures for making tacit
knowledge representable has been a widely discussed issue in
the KM literature.

Polanyi made in his theory a distinction between two
different kinds of awareness that involved different kinds of
knowing; the content of focal awareness was conscious and
thus subject to verbal description. However, according to
Polanyi [2] focal (or ‘explicit’) knowledge was always based
on tacit knowing in subsidiary awareness. Drawing from
Polanyi, various authors have chosen an ontological position
according to which there generally exist two types of
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knowledge, tacit knowledge and explicit knowledge (e.g. [3]-
[5]). This interpretation has been claimed to be misleading,
even opposite to Polanyi’s thinking (see e.g. [6], [7])
According to the view that distinguishes tacit and explicit
knowledge, explicit knowledge is usually defined
straightforwardly as codified knowledge, easy to share in
words and numbers [8]. However, defining the concept of
tacit knowledge has proven to be extremely difficult task.
That is probably why the attempts to define it are often
bypassed in the KM literature by remarking that tacit
knowledge is “knowledge difficult to articulate” (e.g. [9],
[10]); the definition seems logical once the tacit-explicit
distinction has been made and tacit knowledge becomes
juxtaposed with articulate explicit knowledge.

However, according to the definition of tacit knowledge
presented above anything difficult to represent instantly using
language can be generalized to be ‘tacit knowledge’. Thus, it
seems that tacit knowledge has become a “warehouse” for any
ambiguous or difficultly approachable mental or social
phenomena in various scientific fields. The term ‘tacit
knowledge’ nowadays has a large variety of meanings also in
the KM literature [11], [12]. Very rare, if any, other scientific
concept leaves the reader as puzzled about the innermost
meaning of the concept as the concept of tacit knowledge.

Despite that the concept of knowledge has a heavy
philosophical charge it is proposed that in order to understand
human knowing and its tacit capacities the subject area should
be approached from the perspective of cognitive sciences; the
varied proposals of the exploitation of tacit knowledge lack
firm grounding to real cognitive phenomena. Also, the
traditional analysis of knowledge (i.e. knowledge seen as a
justified true belief) is a rather stiff characterization to explain
the knowledge on which human acting is based in the ever-
changing environment that requires fast decisions and
problem solving. Instead, knowledge is property of individual
minds and the understanding of mind-brain architecture is
becoming an increasingly important issue also for
epistemology.

The problem of lack of cognitive perspective described
above is considered to be problematic feature also in Polanyi’s
theory. In fact, one important reason for the abstruseness of
Polanyi’s theory is the lack of efforts to elucidate cognitive
processes behind tacit knowing [13], [14]. It is, however, quite
natural because cognitive sciences were only developing at the
time when Polanyi developed his most important results. The
fact that Polanyi’s philosophical concepts have not been
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connected with studied cognitive mechanisms is one important
reason why tacit knowing has been interpreted so many
varying and inconsistent ways.

Instead of offering a clear explanation of the cognitive
processes on which tacit knowing is dependent, Polanyi
illustrated his theoretical principles of knowing with various
examples. Thus, some of the most important examples that
Polanyi used are analyzed in order to explore the core of tacit
knowing from the perspective of cognitive science. The
downside of this approach is that a few examples are not
necessarily enough to describe extensively the whole
phenomenon. However, even a few examples can offer
valuable insights to the phenomenon promoting its
understanding. Moreover, while the correct use of the concept
of tacit knowledge can be (and has been) questioned in many
scientific writings, it can be confidently claimed that tacit
knowledge is being discussed here in its original sense since
the focus is on the examples that Polanyi himself used.

The aim is to provide answers to three questions:

1. What is tacit knowledge like in a cognitive sense; on what
kind of cognitive mechanisms tacit knowing is based?

2. How can Polanyi’s claim that explicit knowledge is based
on tacit knowledge be justified; what is the relation
between tacit and explicit knowledge from the perspective
of cognition?

3. What kind of epistemic contents (if any) tacit knowledge
bears?

By setting Polanyi’s theory into a wider cognitive and
epistemic framework it is possible to gain better
understanding of his theory generally and the concept of tacit
knowledge specifically. It seems that this kind of cognitive
extension of his theory has not been done before. However, it
is necessary to answer the questions presented above before
realistic models of management or explication of tacit
knowledge can be developed.

In the next section Polanyi’s philosophy is discussed briefly
in order to introduce the core of his idea of tacit knowing.
Three groups of examples of tacit knowing are then discussed
in the sections 111-V. Based on the analysis of these examples,
the epistemic status of tacit knowledge is considered in the
section VI. The conclusions are presented in the section VII.

I1.POLANYI’S THEORY

The starting point of Polanyi’s epistemology was his
dissatisfaction with positivist philosophy of science and the
epistemological account following from it. According to
positivism genuine knowledge had to be verified by
experience and scientific method. Sense data was considered
to be the foundation of human knowledge, but logic was also
seen as a valid tool for producing knowledge by deducing
conclusions from the known facts. In this sense, not only
knowledge itself had to be fully explicit but also the logical
steps that led to it.

Polanyi [15] argued that positivism itself could not lead to
genuine knowledge because scientific discoveries could not be
credited to any purely analytical operation. He explained that
the first step of any discovery or creative act was to see a
problem. Knowing a problem was thus knowing something
hidden; “it is an engrossing possession of incipient knowledge
that passionately strives to validate itself.” [16, pp. 131-132].
According to Polanyi [2], modern science was based on
disjunction of objective and subjective and thus aimed to
eliminate passionate and personal human appraisals from
theories of science. Instead, Polanyi claimed that personal
participation was included in every act of knowing. As he [2,
p. viii] put it, “Into every act of knowing there enters a
passionate contribution of the person knowing what is being
known, and ... this coefficient is no mere imperfection but a
vital component of his knowledge.”

Thus, in Polanyi’s philosophy the knower is situated in the
most fundamental position instead of what is being known;
the knower does not simply pick up or see the meaning of
knowledge but actively forms it by integrating his personal
appraisals to the thing that is being known. Polanyi believed
that the positivist demand that all subjectivity had to be
eliminated from knowledge was impossible to fulfill, because
there could not be knowing without the active involvement of
a knower [13].

Unlike traditional epistemology, Polanyi’s theory of
knowledge stresses the process of knowing instead of its
justification. Thus, the mental skills that cannot be formalized
by language or the ones that escape the knower’s focal
attention are in the center of his analysis of knowing. He
stresses that the embodied participation of the knowing
subject is the most fundamental element of knowing. By
placing the embodied activity at the center of human cognition
Polanyi connects the knowing subject and that which is to be
known instead of separating them as in modern philosophy
traditionally has been done [17].

Polanyi [16, p. 147] argues that making sense of the world
was about “relying on our tacit knowledge of impacts made by
the world on our body and the complex responses of our body
to these impacts”. Thus, all knowledge has bodily roots
because external objects are attended by being subsidiarily
aware of things happening within the body. In this sense the
body is not a mere passive physical object in the world but
serves as an interface by which one comes to know the world
through interaction. Therefore the formation of focal meaning
is fundamentally bodily action.

Polanyi [2] presents a distinction between two kinds of
awareness that is parallel to the distinction between tacit and
explicit dimensions of knowing. Focal awareness concerns
the object of conscious act, for example an external object or a
propositional belief. Subsidiary awareness refers to the bodily
basis on which the focal awareness operates; processes of
subsidiary awareness provide the elements that the focal
object consists of. Thus, tacit knowledge and tacit mental
skills belong to subsidiary awareness whereas the articulate,
or conscious, knowledge emerges to focal awareness.
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Consequently, knowing agents can describe and construct
rules for explicating what is in focal awareness.

However, as focal awareness is supported by subsidiary
awareness, the explication of the contents of focal awareness
remains always incomplete [18]. The thing the knower is
focally aware of as a result of an act of knowing is formed
subsidiarily of tacit clues, which enriches focal knowledge
with personal coefficient [2]. Therefore the knowledge of the
focally attended things is based on something more
fundamental; explicit knowledge is based on tacit clues, or
tacit knowledge. Moreover, in Polanyi’s thinking this
structure is present in every conscious act. Knowing agents
end up having conscious (explicit) representations that are
enabled by tacit processes and tacit particulars that the knower
cannot define.

Since the main interest in the present context is in
explaining why tacit knowledge is “tacit”, the most important
question is why the content of subsidiary awareness remains
unspecified. Polanyi [19] presents two reasons for the
tacitness of subsidiary particulars. First, the difficulty of
tracing the subsidiaries, which means that the subject is
“focally ignorant” of the subsidiaries; the subject knows only
the joint meaning of the tacit clues but does not reach the
clues themselves [20]. This explanation seems to refer directly
to unconscious cognitive processes. Second, logical sense
deprivation, which means that the subsidiary clues can be
traced but if traced they become focal losing their subsidiary
meaning and function. For example, a pianist playing his
instrument focuses his attention on the piece of music that he
is playing being only subsidiarily aware of the movements of
his fingers. If he suddenly shifts his attention to the
movements of his fingers, he gets confused and probably has
to stop the playing [21].

As the example of a pianist already suggested, the two
types of awareness are in Polanyi’s theory mutually exclusive
in the sense the subject cannot attend to both of the awareness
at the same time. Thus, logical unspecifiability means that the
tacit particulars of the performance might be focally known as
such, but even in this case their functional meaning in the
performance itself remains tacit.

Polanyi also distinguishes between two different types of
tacit knowledge, particularly in the case of perception (e.g. in
[22], [23]). First, subliminal clues that refer to the somatic
events that cannot be observed directly. Second, marginal
clues that can be observed directly, but do not become
attended to because attention is directed to some other target.
Polanyi further divided also marginal cues into two kinds
[24]; besides what can be seen marginally externally (for
example, in perception at the corner of the eye) knowing
agents are influenced by internal marginal clues (for example
memories). Thus, knowing agents tend to see things as they
are used to see them, or supposed to see them. The types on
unspecifiability and tacit clues are summarized in figure 1.

Although Polanyi analyzed the reasons of unspecifiability
and the different types of tacit clues he did not offer a clear
explanation of the cognitive processes on which tacit knowing

is dependent. Instead, Polanyi illustrated his theoretical
principles of knowing with various examples. There are three
particularly important groups of examples in the sense that
these examples repeat in his literature.

Tacit knowledge

Unconscious Logical
Subliminal Marginal
clues clues
Internal External

Fig. 1 Theoretical types of tacit knowledge as presented by
Polanyi.

1. Tacit knowing related to perception.

Polanyi found in perception a most useful example to
elucidate the structure of tacit knowing and the idea of
mental integration. For example, visual perception that
happens seemingly very effortlessly is an act of integration
of many clues to a focal perception of attended object. As
Polanyi [19, p. 28] puts it, “I look at my right hand as |
move it about in front of me, and | see a thousand rapidly
changing clues as one single, unchanging object moving
about at changing distances, presenting different sides at
variable angles and in variable light. The integration is
innumerable, rapidly changing particulars makes us see a
real object in front of us.”

2. Tacit knowing related to emotional responses.
In The Tacit Dimension Polanyi [21] discusses a
psychological experiment (conducted by Lazarus and
McCleary [26]) in which the authors presented nonsense
syllables to the subjects. Half of the syllables had been
associated with a painful electric shock whereas the other
half consisted of neutral control syllables. The authors
found that the subjects were unable to recognize or identify
the shock-causing syllables, but showed symptoms of
anticipating the shock (measured with galvanic skin
response) when a shock-syllable was presented—even
when the exposure time of a presented syllable was too
short for a conscious recognition. The authors concluded
that “some kind of discrimination is made when the subject
is unable to make a correct conscious discrimination.”
Polanyi claims that this experiment shows most clearly
what is meant by saying that one can know more than one
can tell. The main point in this group of examples is that
one can acquire knowledge that affects or guides one’s
action but what cannot be specified; the knowing subject is
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not fully aware of the nature of the knowledge he has nor
necessarily even the fact that it affects his judgment.
Instead, what the subject is aware of is some kind of feeling
that there might be something special in a certain stimulus.

3. Tacit knowing in skilful performances.
There is nothing new in the claim that knowing how to do
something is generally difficult to describe. Polanyi
discussed about hidden rules that are not explicitly known
to the actor himself for example in such performances as
riding a bicycle [2], playing a piano [21] and using tools
[23]. Thus, the third group of Polanyi’s examples is
essentially about motor skill learning.

Each of these groups of examples will now be discussed in
its own section.

Il. TACIT KNOWLEDGE IN PERCEPTUAL PROCESSES

Many of Polanyi's examples in group one discuss the
problem of having at the center of the attention a constant,
unambiguous perception of an object (focal awareness) that is
dependent on clues to which one is not attending (subsidiary
awareness). For example, "When looking at the stereo-image,
we do see the separate pictures too; for we see the stereo-
image only because we have a precise impression of the two
pictures which contribute to it. But we must distinguish

between the two kinds of seeing: we are focusing our attention

on the stereo-image, while we see the two pictures only as
they bear on the stereo-image. We don't look at these two in
themselves, but see them as clues to their joint appearance in
the stereo-image. It is their function to serve as clues. We may
describe the situation by saying that we are focally aware of
the stereo-image, by being subsidiarily aware of the two
separate pictures ... The seeing of two stereo-pictures as one
spatial image is, indeed, irreversible in two senses. Firstly, it is
difficult to find our way back to the clues in the two pictures,
because they are hardly visible. And there are many other
clues to seeing something, like memories and the feeling
inside our eye muscles, which we either cannot trace or cannot
experience in themselves at all; they are largely submerged,
unspecifiable.” [25, p. 800]

Perception in general refers to the acquisition and
processing of sensory information in order to see, hear, taste
or feel objects [27]. The main purpose of perception is to
organize the continuously changing sensory input into stable,
meaningful objects and recognize them.

It can be obviously questioned if the process of perception
counts as a form of knowing at all since it seems in a sense a
self-evident and passive process. However, perceiving things
does not mean that they are perceived exactly as they are in
the reality. For example, in visual perception a visual
representation is constructed according to the type of data the
receptors in our eyes are capable of recognizing. The brain
then receives and analyses sensory signals, not the
environment as such. Thus, perceiving does not mean

mirroring reality in an objective way. Perception understood
this way puts forward Polanyi’s structure of knowing.
Moreover, it is easy to agree that perception normally leads to
justified beliefs about the external world. Thus, Polanyi
considered perception as knowing even though he remarked
that it was the simplest and impoverished form of it [21].

Despite that the heading of this section refers to perception
in general, the main focus is on visual system because many
of Polanyi’s examples of perception concern visual system.
However, the same general principles (related to tacit
knowing) of perceptual processes concern also other sense
modalities because each sensory system is organized on a
rather similar plan [28].

All the sense modalities respond to a certain form of
physical stimulus. In the case of visual system the form of
physical energy is electromagnetic energy (light) [29]. Light
passes through the eye and stimulates the color and brightness
sensitive receptors in the retina. Electromagnetic energy is
then converted to neural impulses and transmitted along optic
nerves to the visual cortex specialized to the processing of
visual information [28].

In the primary visual cortex the input information is
segregated, among others, into color, form and movement,
each of them represented by neurons sensitive to these
attributes [30]. From the primary visual cortex the information
goes to secondary areas that are specialized for processing
these different features of the input. The processing of visual
information continues from the secondary areas that have even
more specific functions, such as object, face and body analysis
[28]. Neural pathways of vision are finally connected to
prefrontal cortex, the area generally related to working
memory [31]. A conscious, coherent visual experience that
that tells what there is and where is supposedly formed in
working memory—the things that the subject is conscious of
are the things that he is processing in the working memory
[31].

In sum, visual system consists of different modules that
analyze parallel different attributes of visual stimuli
separately. The visual scene that a knowing agent is focally
aware of is thus constructed of various components (such as
shape, color, movement etc.) as Polanyi claimed. Refined
visual information then gradually converges on its way
towards working memory.

This crude and somewhat simplified description of the brain
architecture related to visual perception reveals that the
convergence of different type of information processed in the
specialized modules is one of the key processes of
comprehensive perception. This neuropsychological fact is
well in unison with Polanyi’s idea of “integrating clues into a
comprehensive whole”. At this stage of the process the clues
are subliminal, because the processes are unconscious.

However, the most interesting question is, does this kind of
anatomical architecture embody knowledge of any kind? It
consists of interrelated, yet functionally independent, modules
that receive data flows, process them and then send
information forward to following modules.
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Since the processes of the specialized areas are not random,
it seems indispensable that these modules embody knowledge
in order to determinate how a certain data flow is processed,
even if the processing was mainly spontaneous sorting at the
first stages. Let us briefly consider the function of some of the
modules of the visual system in order to illustrate this idea.

Separation of objects: eye responds to stimulus pattern with
a mosaic of millions of independent neural responses that
code the amount of light falling on that particular area on the
retina, and the first task is to determine which of these areas
belong together [28]. The most important information for this
process comes from color and texture; an abrupt change in
color or texture is interpreted as a boundary between two
regions [32]. This is why humans are able to see figures and
their backgrounds; a stimulus that contains more than one
region distinguished by a change in light or texture is
normally seen as a figure and its background [33]. Thus, a
change in color or texture predicts a border of two separate
objects and is likely to be interpreted as such. Object’s
boundaries that are perceived in focal awareness are tacitly
inferred based on changes in light and texture. These changes
serve as cues of the boundaries of the object and the knowing
subject is focally ignorant of them.

Tacit knowing in the case of separation of objects can thus
be related to internal unconscious processes. However,
Polanyi suggested that tacit knowing might also be based on
environmental cues in which case the unspecified information
is external to the knower. For example, the case of binocular
vision that Polanyi discusses means that having two eyes
(instead of one) makes it possible to see reality in three
dimensions. Both eyes receive a slightly different view of the
world and essentially these two views combined enable the
perception of depth. The tacit process of combination of the
two pictures into one richer version is also unconscious and
internal. However, in addition to these binocular cues humans
use also many external sources of information in order to
assess depth. Some of this information is called monocular
because its interpretation is possible using only one eye. For
example, interposition is a depth clue occurring when an
object blocks off the view of part of another object giving
information that the occluded object is farther away [33].
Linear perspective is another clue of depth; it is present when
two parallel lines pointing directly away seem progressively
closer together as they recede into the distance (e.g. railway
tracks). Also shading (see e.g. [34], [35]) and familiar size
(knowledge of the actual size of a distant object, see e.g. [36])
have been shown to be powerful monocular depth clues. Thus,
monocular clues are external from the knower’s perspective
but provide rich information that is tacitly assessed in a
process of perception.

Consequently, the world is perceived unaware of the
calculations and tacit inferences that construct the perception.
The cognitive perspective is thus in tune with Polanyi’s claim
that we observe external facts without an exhaustive formal
argument and without a capability of explicitly stating how it
gets done.

Recognition of perceived object amounts to assigning an
object to a category or to a particular instance (for example in
a case of recognizing a face). For that the constructed
representation has to be compared to object representations
stored in long-term memory [33]. However, perception is not
a process driven solely by input information from the senses
(bottom-up processes). Individual knowledge, expectations
and contextual factors (top-down processes) have been shown
to affect considerable to human perception. For example,
confronting objects in places we expect to see them makes it
easier and faster to recognize them [37]. Therefore it is easier
to recognize that an object is a piece of soap based on the fact
that it is on the sink. Thus, interpretation of perceptual input
depends on pre-existing, organized knowledge structures that
provide predictions of “what should be there” based on the
previous experiences (internal marginal clues in Polanyi’s
terms).

From the viewpoint of knowing recognition is particularly
important stage because it enables the access to semantic
knowledge and individual episodic memories concerning
perceived object. In this sense recognition assigns meaning to
percept and enables to retrieve conceptual information
concerning the recognized object. Thus, object recognition is
a point of confluence of in which personal aspects blend with
information predominantly dependent on physiological
structures and functions.

What then is tacit knowledge involved in the perceptual
processes? According to Kolb and Whishaw [28] single
neurons are coded to detect certain features from the visual
input. Consequently, in the lowest level tacit knowing can be
viewed as scanning for special features of stimuli and passing
sorted information on to the more specialized areas.
Perception is also affected by both internal marginal clues
(prior beliefs and expectations) and external marginal clues
(e.g. monocular clues) that support the formation of
unambiguous interpretation. Also, tacit knowing includes the
convergence of different type of visual information, which
culminates in the focal representation in the working memory.
Only at this stage it is possible to explicate what has been
perceived.

IV. TACIT KNOWLEDGE RELATED TO EMOTIONAL RESPONSES

Polanyi [38] discusses various psychological experiments
(e.g. [39], [40]) that are practically analogous to the Lazarus
and McCleary’s [25] experiment described earlier. The
majority of these examples can be summed up in the
following findings made by the authors of the experiments:

e The actual experiments were preceded by a
conditioning phase during which some of the
stimuli were systematically paired with an electric
shock.

e In the actual experiments the subjects were unable
to identify the shock-causing stimuli, but they
showed physiological symptoms of anticipating the
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shock whenever such a shock-causing stimulus was
presented—even when the exposure time of a
presented stimulus was too short for conscious
recognition (see e.g. [25]).

e The subjects clearly avoided actions that caused the
shock, but on questioning it appeared that they were
not aware of doing it (e.g. [39]).

This group of examples can be considered particularly
important, because Polanyi remarks that these experiments
show “the principal mechanism by which knowledge is tacitly
acquired” [21, p. 7].

Unconscious perception and implicit perception are other
important mental phenomena related to subliminal perception.
In fact, they are sometimes treated as synonyms for subliminal
perception (e.g. [41]). Yet implicit or unconscious perception
refers rather to a situation where a stimulus does not enter to
conscious awareness because attention is directed to
somewhere else (for example, attention may be directed to
reading a text while certain events in the environment are
processed unconsciously). Polanyi would probably call this
kind of environmental information marginal tacit knowledge.
Subliminal perception, however, refers to a situation in which
the stimulus is presented too briefly for conscious perception,
even if subject attends to it. In this sense subliminal
perception is a narrower phenomenon than unconscious or
implicit perception. Yet the fundamental principle concerning
also unconscious and implicit perception is the same: the brain
is capable of detecting and assessing stimuli below the level of
conscious detection. Support for this claim has come from
various authors (e.g. [42], [43]).

To be precise, subliminal perception as such does not seem
to differ much from the basic perceptual process discussed in
the previous section. Subliminal perception includes the early
stages of perception but lacks proper recognition of the
processed stimuli. However, this is not the most important
aspect of the phenomenon that Polanyi describes. Instead, he
addresses the fact that even without a correct, conscious
recognition the stimulus gets registered and assessed by the
nervous system. Polanyi [21] explains that even though the
subjects did not recognize, for example, the distinction
between shock-causing syllables and neutral syllables, they
became aware of facing a shock syllable based on the
apprehension it evoked in them. The unrecognized sight of a
shock-causing stimulus made the subjects somehow aware of
its presence.

The experiments that Polanyi refers seem to be essentially
about classical conditioning; a neutral stimulus is presented
along with a stimulus of some significance. The neutral
stimulus is neutral in a sense that it does not produce a clear
behavioral response in the subjects. Instead, the significant
stimulus elicits automatically a reflexive response (such as
mild sweating or changes in heart rate). After sufficient
amount of repetitions of pairing the stimuli the neutral
stimulus (even when presented alone) begins to elicit
physiological responses equivalent with the responses caused

by the significant stimulus. This passive learning process thus
culminates in the formation of association between the neutral
and the significant stimulus.

In these experiments the case was to associate an
unpleasant stimulus with a neutral one; the subjects
confronted unpleasant consequences of certain stimuli. From
the evolutionary perspective something unpleasant refers to
something potentially dangerous. This kind of conditioning is
also known as fear-conditioning. According to Phelps [44], a
typical fear-conditioning paradigm in humans involves
presenting a neutral stimulus and pairing it with an aversive
stimulus. An aversive stimulus automatically elicits
physiological responses related to stress or fear, for example
arousal in autonomic nervous system [45].

Although Polanyi’s examples of subliminal perception are
mostly related to the fear-conditioning paradigm it can be
assumed that tacit knowing can be generalized to refer
nervous system’s ability to form associations to significant
objects/events and manifest this knowledge via emotional
system. In these particular examples bodily responses are
emphasized as warning signals (predictions of negative
consequences of certain stimuli), but Polanyi [21] wrote also
about signals and cues that guide humans into right direction
or “towards success” (predictions of positive consequences).

The emotional system provides predictive information what
is advantageous and what is disadvantageous to the organism
based on its previous experiences. As Damasio [45, p. 55]
puts it, “Emotions are inseparable from the idea of reward or
punishment, of pleasure or pain, of approach or withdrawal, of
personal advantage or disadvantage.” It is important to take
into consideration that subliminal perception is only a peculiar
instance of the functioning of the emotional system; emotional
responses occur also during conscious perceptions. Subliminal
perception, however, shows that no conscious representation
of the association is needed in order to execute adequate
emotional responses.

Following Damasio’s [45] definition, emotions are
complicated collections of chemical and neural responses that
have some regulatory function that aims to creation of
advantageous circumstances from the organism’s perspective
(e.g. fear prepares to retreat or escape). The most important
function of emotions is therefore to produce a specific
response in certain situations. Therefore emotional responses
cause profound changes in the body and in the brain. The
collection of these changes is a basis for neural patterns that
eventually may become conscious feelings of emotions [45].

As organisms develop and interact they gain factual and
emotional experiences with different objects and situations
associating originally emotionally neutral things with
naturally defined emotions [45]. However, Damasio stresses
that virtually every perceived or recalled representation is
accompanied by emotional response.

According to Ledoux [31], a neural association between
two stimuli is possible only if there is a neural structure that
receives information about both of the stimuli. In addition,
there has to be a mechanism by which the association is
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possible in the point of convergence. Findings of cognitive
neuroscience have shown that certain brain areas are
particularly important for emotional responses. Moreover,
brain-imaging studies indicate activation of the amygdala
(subcortical brain structure in both temporal lobes) during fear
conditioning and later in response to the conditioned stimulus
(e.g. [44], [46]) suggesting that amygdala has an important
role in emotional processing. It monitors sensory inputs and
triggers emotional responses related to fear and defense in the
case of an aversive input.

Patients suffering from damage in amygdala fail to show
normal physiological responses that healthy subjects show in
fear conditioning experiments [44]. These subjects, however,
may have a good cognitive understanding of the situation.
Therefore they understand (in a rational sense) the relation
between the neutral stimulus and the aversive event. However,
the amygdala responds to significant stimulus automatically
prior to cognitive awareness [47], [48]. Pure rational
calculations without emotional information about the past
experiences would most certainly make humans very
ineffective. Moreover, Anderson and Phelps’ [49] study
suggests the amygdala can modulate sensory input and
attention by increasing its activation in the presence of
significant information, which ensures that emotional, thus
important, stimuli get requisite amount of attention.

The significance of emotions does not restrict only to
extreme behaviors such as escape or attack. Damasio [50] has
addressed the significance of emotional information to human
decision-making; our everyday decisions require predictions
what will be advantageous or disadvantageous to us in
different time spans. According to Damasio’s somatic marker
hypothesis experienced life events are marked in the brain by
emotional system; the somatic consequences (changes in the
body state) of every event are stored in order to be able to
reproduce a copy of a corresponding somatic state next time
when the organism is approaching the same (or same kind of)
event. Thus, a reproduction of a somatic state can be seen as
an emotional information based on previous learned
experiences that has a potential to affect cognitive processing
by favoring or suppressing somatically marked alternatives in
cognitive processing without time-consuming, rational
calculations (for example in complex decision-making).
Support for Damasio’s theory has come from various authors
(e.g. [51], [52]).

Still, it is obvious that emotions cannot substitute reason.
Damasio [50] stresses that emotions assist reasoning by
pointing it where it should operate based on previous
experiences; a relatively dynamic, overlapping use of these
systems is probably the reason what makes humans
cognitively very capable compared to other animals.

To be precise, emotion per se cannot be considered as tacit
knowledge but rather as a manifestation of tacit knowledge.
The source of the emotion in Polanyi’s examples is related to
the fact that two events have occurred sufficiently in parallel
in the past. Tacit knowledge itself seems to be related to
associations between objects/situations and

advantageous/disadvantageous ~ outcomes  formed in
interactions with them.

In sum, associative learning is an important mechanism to
acquire knowledge about the world. It is a mechanism that
predicts good/bad consequences or events that are likely to
happen. Although Polanyi did not present extensive
considerations about emotions in his theory, it seems that he
was aware of the importance of automatic bodily mechanisms
for human cognition. The most essential feature of associative
learning mechanism in this context is that one does not have to
be aware of important associations in order to be able to form
them [53]. That is probably why such knowledge remains

tacit.

V.TACIT KNOWLEDGE IN SKILL LEARNING

The third group of Polanyi’s examples concerns motor skill
learning. Polanyi used, among others, examples of riding a
bicycle [2], playing a piano [21] and using tools [23] in order
to describe how skillful actions are performed by relying on
the coordination of muscular acts; one is aware of them only
in terms of the performance but not aware of them in
themselves. As Polanyi [26, p. 3] explains, "when we perform
a skill, we attend focally to its outcome, while being aware
subsidiarily of the several moves we co-ordinate to this
effect.”

Skill learning means a gradual improvement of performance
with practice that generalizes to a range of stimuli within a
domain of processing [54]. In the field of psychology motor
skills are related to implicit memory that is often contrasted
with explicit memory. Graf and Schacter [55, p. 501] define
the distinction between these two memory systems in a
following way: “Explicit memory is revealed when
performance on a task requires conscious recollection of
previous experiences ... Implicit memory is revealed when
performance on a task is facilitated in the absence of
conscious recollection.”

The strongest evidence to justify this distinction is the
consistent finding that most amnesic patients have no
difficulty is motor skill learning and performance although
they generally perform poorly in explicit memory tasks.
Explicit memory is generally considered to contain fact-based
semantic memories and episodic memories whereas implicit
memory is defined to be nonintentional and unconscious type
of memory [28].

One important difference between implicit and explicit
memories-based knowledge is the way the received data is
encoded and stored. Explicit memories depend on
conceptually driven processing, in which the subject
reorganizes the data in order to store it. Instead, encoding
implicit information depends simply on receiving the sensory
information without a need to manipulate it by “higher”
(conscious) cognitive processes [28]. Thus, implicit learning
refers to the process of acquisition of complex information
typically in a non-conscious way, which leads to learning of
this information without complete articulate knowledge of
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what has been learned [56].

From the perspective of neuroscience motor skill learning
seems to be an integrative product of various neural
mechanisms, each contributing to a different aspect of
learning [57]. Several lines of evidence, such as functional
imaging studies, suggest that the motor cortex, the basal
ganglia and the cerebellum are particularly important brain
regions for motor skill learning. According to the
contemporary view on motor skills, motor cortex is organized
for the control of movements that require the coordinated
action of many muscles in different combinations [28]. This
view suggests that humans have a repertoire of movement
categories in the motor cortex [59].

One important idea emerging in the field of motor skill
learning research is that basal ganglia teaches the cortex
through a certain type of trial-and-error learning [58], [60].
This means that messages from the motor cortex are optimized
in terms of their reward value and accuracy, and repetition of
the successful behavior leads to the reinforcement of
corresponding motor patterns [58].

Feedback is thus a necessary element for any motor skill
learning to occur through reinforcement of a motor pattern. In
this context so called intrinsic feedback has an essential role;
it refers to sensory information received by the actor as a
direct result of producing a movement [61]. Intrinsic
information can come from the sources outside the body (e.g.
visual feedback) or sources inside the body (from muscles,
joints or the sense of balance). Intrinsic feedback is important
for attempts at replicating successful responses because when
a desired result is achieved the actor attempts to repeat it [61].
The resulting motor pattern is then constantly updated in the
following performances [53]. Due to the skill learning
mechanism outlined above it seems that humans do not have
conscious rules of how to do something, but rather what they
are trying to do.

Behavioral, brain imaging and cognitive
neuropsychological studies provide evidence that motor skill
learning is a complex and staged process. However, in the
present context it is essential to understand that there cannot
be any type of learning without some kind of structure where
experiences can be stored and recollected. Practice results in a
gradually evolving and specific representation of the trained
sequence of movements in human motor system. More
specifically, practice results in functional and structural neural
plasticity that leads to the construction of new motor maps in
the brain [62]. Behaviorally this can be seen as an elimination
of extraneous movements and effective coordination of
muscles to act as a single functional unit [62]. As opposed to
declarative forms of memory, these changes are known to
evolve slowly, requiring many repetitions over several
training sessions.

Generally speaking, and specifically from the evolutionary
perspective, motor skill learning leads to automatic behaviors.
Wheatley and Wegner [63] define automaticity as actions that
occur efficiently and without the need of conscious guidance.
A certain skill becomes more automatic through repetition,

and finally it requires hardly any conscious monitoring; if all
actions required conscious thought, there would not be time to
anything else than planning the next step [63].

The epistemic value of this kind of know-how has not been
questioned in the KM literature. It seems to be a very common
way generally in the literature concerning knowledge to divide
knowing to two categories, knowing that and knowing how,
following Ryle’s [64] distinction. Also, in the field of
psychology procedural knowledge is presented alongside with
declarative knowledge. Indeed, the fact that someone can act
skillfully seems to necessitate some kind of knowledge despite
the subject’s inability to explain or even articulate that skill.

But how can it be justified that skills have real epistemic
content? A skill means that there is a plan how to handle a
certain situation, and when the decision to use the skill is
made behavior is automatically channeled into that plan [65].
Repetition of certain act develops the behavior because
actions that lead to good or at least satisfactory results get
reinforced. In a biological level the reinforcement can be
understood as neural changes that lead to development of new
motor maps.

The resulting skill embodies knowledge because its
components are stored to neural structures based on the
observation of their positive outcome. It is knowledge about
the adequacy of a certain motor response to a certain stimulus
or a situation. Thus, the knowledge that is embodied in certain
skill seems to be a link between a certain situation (or
stimulus), a motor response (or a sequence of motor
responses) and a satisfactory outcome. Again, in the present
context the most important question is, why that knowledge
remains tacit.

Psychological evidence suggests that implicit learning is not
dependent on higher cognitive processes. There is no need to
process the procedure being learned consciously. Moreover,
motor skill learning does not presuppose any use of language,
which differentiates it from learning of many forms of
declarative knowledge. As the evolutional motivation of
motor skills is to know how to act in a certain situation when
confronting it, that knowledge need not be represented in a
propositional form. From the perspective of performing a skill
it is absolutely irrelevant whether the actor is able to verbalize
that skill.

VI. THE EPISTEMIC STATUS OF TACIT KNOWLEDGE

According to the analysis of the first two groups of
examples the focus of Polanyi’s epistemology is essentially on
the process of formation of the contents of focal awareness.
They explain the basic principles of the creation of perceptual
knowledge of the environment (Group one) and the following
possible intuitive knowledge that leads to approach and retreat
behaviors (Group two). Following from this, it seems that tacit
knowledge and the processes related to it in the first two
groups of examples are essentially about the formation of
focal belief. Interestingly, the traditional analysis of
knowledge only starts from the belief and is primarily
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concerned with questions related to the truthfulness and
justification of the beliefs. Polanyi’s theory of knowledge
precedes the traditional approach in this sense; the most
fundamental part of Polanyi’s epistemology concerns tacit
knowing situated in subsidiary awareness, which describes
first and foremost how humans arrive at their conscious
beliefs or representations.

Obviously the evolutionary function of these processes is
not to create focal beliefs but has been motivated purely by
adaptation and survival. Moreover, perceptual, emotional and
automated motor processes are functions that are not typical
only to humans, but also appear widely in other species. All
mammalian sensory systems follow the same basic principles
on their anatomy, function and chemistry [66]. Also, different
forms of associative learning appear and have been studied in
many animals. Thus, the evolutionary roots of these processes
go much further back in time compared to higher processes of
consciousness, such as the use natural language typical only to
humans.

Human intelligent behavior should be thus viewed as being
organized in a hierarchical way out of older neural modules,
each of which had evolved programs for particular functions
[67]. Therefore also from this perspective unconscious mental
processes can be considered as the epistemic foundations on
which emerging explicit operations are based. However,
probably due to the introspective obviousness of conscious
knowledge it has been traditionally given the epistemic
priority compared to the tacit processes [68].

From these perspectives it is rather uncomplicated to accept
one of the strongest of Polanyi’s claims: explicit knowing is
based on tacit knowing and thus cannot be fully justified by
analytical argumentation. In this sense Polanyi’s theory of
knowledge refers to a form of naturalized epistemology,
according to which epistemic status of a belief state depends
on psychological processes that generate and sustain it [70].
According to this view natural cognitive and physiological
processes involved in the process of knowing cannot be
bypassed in an analysis of knowledge. However, Polanyi’s
epistemology represents a quite light form of naturalism
because, as most of the philosophical theories of knowledge,
naturalist theories tend to deal with the question of
justification by describing processes that are generally reliable
in generating epistemically virtuous mental states (see e.g.
[71]). However, Polanyi was not particularly interested in the
norms that justify human knowledge. Instead, he stressed in
general the importance of confidence in human cognitive
capacities in understanding reality.

Polanyi’s argument of the fundamental position of tacit
knowledge in all knowing is supported from the cognitive
perspective. This means that the tacit/explicit typology of
knowledge presented in many writings of KM literature is not
only artificial, but also totally opposite approach compared to
Polanyi’s thinking. Polanyi’s main point was that no cognitive
judgment can ever be made wholly explicit—he did not say
that there generally exist two types of knowledge.

Moreover, in the KM literature it has been suggested that it

is important to identify the subtypes of tacit knowledge in
order to be able to better articulate or explicate tacit
knowledge (see e.g. [72], [73]). Some of these subtypes are
claimed to be for example intuitions, beliefs and mental
models. However, in Polanyi’s terms, what humans are able to
describe verbally is the contents of focal awareness. From this
perspective it seems problematic to claim that for example
intuition is a subtype of tacit knowledge. Intuition is usually
defined to be some kind of direct knowing without a formal
argument (e.g. [72]). Indeed, tacit knowledge would be the
argument, but it cannot be reached. What can be reached
instead is the focal impression (that is, the intuitive feeling)
that is only the conscious product or a reflection of tacit
knowledge and tacit processes. Thus, although intuition is a
manifestation of tacit cognitive powers, tacit knowledge itself
remains unarticulated. In this sense intuitions, beliefs or
mental models are not subtypes of tacit knowledge. If they
were, even more fundamental form of knowledge than tacit
knowledge would be logically necessary to explain how these
“subtypes” are formed.

VII. CONCLUSIONS

Cognitive mechanisms that make tacit knowledge tacit are
based on a learning that is not dependent on subject’s
cognitive awareness of what is being learned, but essentially
about automatic reinforcement/weakening of certain behaviors
based on the received feedback. Thus, these processes are
inductive and predictive by their nature.

From the cognitive perspective the structure of knowing
that Polanyi presented seems justified; if explicit knowledge is
considered to be justified belief, and tacit knowing refers to
the process of forming that belief, in this sense tacit
knowledge indeed precedes explicit knowledge as Polanyi
claimed. The priority of tacit knowledge can be justified also
in the sense that cognitive processes related to tacit knowing
are evolutionally more fundamental than processes of ‘explicit
knowing’ that are related to the use of language.

According to the traditional analysis of knowledge, tacit
knowledge does not fulfill the requirements of knowledge;
tacit knowledge is not necessarily justifiable (because the
knowing subject might be focally ignorant of it) or true
(because it is inductive by its nature). Tacit knowledge does
not even include anything comparable to a conscious belief
but is rather related to the unconscious belief-forming
processes and to learned automatic responses to certain type
of stimuli.

However, although tacit knowledge is inductive and
predictive by its nature, it still embodies epistemic content.
Tacit knowledge has its personal justification based on
experiences that have produced neural changes that affect
behavior in a purposeful way. It is essentially bodily
knowledge as Polanyi proposed.

Although the vast majority of authors in the field of KM
refer to Polanyi agreeing that the concept of tacit knowledge
comes originally from his epistemology, very few of them
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seem to base their understanding of the concept on Polanyi’s
philosophy. In the KM literature tacit knowledge is often
related to context specific knowhow or expertise. It is
important to bear in mind that Polanyi’s analysis concerns all
the levels of cognition. Therefore the structure of two kinds of
awareness enters into all conscious acts from perception to
complex problem solving.

Although the “lower level” tacit processes discussed here
are probably not the primary interest in the KM field, the aim
has been to promote better understanding of the concept of
tacit knowledge. If we want to understand what tacit knowing
is about it is essential to begin the endeavor from the very
roots of the phenomenon.
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