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ABSTRACT

This article contains the results of a theoretical analysis of the phenomenon of
natural language understanding (NLU), as a methodological problem. The combination
of structural-ontological and informational-psychological approaches provided an
opportunity to describe the subject matter field of NLU, as a composite function of
the mind, which systemically combines the verbal and discursive structural layers. In
particular, the idea of NLU is presented, on the one hand, as the relation between the
discourse of a specific speech message and the meta-discourse of a language, in turn,
activated by the need-motivational factors. On the other hand, it is conceptualized
as a process with a specific structure of information metabolism, the study of which
implies the necessity to differentiate the affective (emotional) and need-motivational
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influences on the NLU, as well as to take into account their interaction. At the
same time, the hypothesis about the influence of needs on NLU under the scenario
similar to the pattern of Yerkes-Dodson is argued. And the theoretical conclusion
that emotions fulfill the function of the operator of the structural features of the
information metabolism of NLU is substantiated. Thus, depending on the modality of
emotions in the process of NLU, it was proposed to distinguish two scenarios for the
implementation of information metabolism — reduction and synthetic. The argument in
favor of the conclusion about the productive and constitutive role of emotions in the
process of NLU is also given.

Key words: computational psycholinguistics, natural language understanding, structural
ontology, information metabolism, language consciousness, verbal intelligence,
artificial intelligence, mind.

Introduction

Natural language understanding (NLU) is an interdisciplinary
scientific problem located at the intersection of humanitarian, linguistic,
cognitive, computer, medical and other areas of knowledge. Over the
past few decades, a huge interest in this topic has manifested itself in
the framework of research on artificial intelligence (Al), where NLU
occupies the most important place in the list of so-called Al-complete
problems in creating a strong Al or Artificial general intelligence
(Wikipedia, 2019). Certain practical successes here are obvious and
generally noticeable, at least by the example of the everyday prevalence
of voice control technology of computer gadgets. However, the quality
of these very technologies eloquently demonstrates that the essential
problem of NLU is far from being resolved.

In our view, the appropriate prospects have less to do with the
craftsmanship of computer algorithms, but with the development of
new theoretical models of NLU. Such attempts are carried out within
the framework of computational psycholinguistics, where the attention
of modern researchers is mainly focused in the neurocognitive direction
(Averbeck, Latham & Pouget, 2006, Carandini & Heeger, 2012, Crocker,
1996, Friederici, 2012, Giraud & Poeppel, 2012, Hagoort, 2005, Hale,
2001, Harley, 2005, Huettig, 2015, Lewis, Vasishth & Van Dyke,
2006, Martin, 2016, McElree, 2000, Viglioco, 2015, Vosse & Kempen,
2000 et al.).
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However, another involuntary unifying feature of most NLU studies
is the problem of defining the mind as an operator of the language in
general and the subject (acting agent) of NLU in particular. Namely,
this category or simply not represented explicitly and is present in the
works intuitively. Or else it is reduced to one or another variety of the
intelligent agent concept (Russell & Norvig, 2010). As a consequence,
there has been an accumulation of the amount of empirical data, without
any certainty, regarding the prospects for their transformation into an
unified theoretical concept. Is it possible to solve the problem of NLU
without hypothesizing the concept of mind? The answer is obvious,
because it is contained in the original idea of the NLU, as a function
of the mind. Thus, there is a need for a meta-theory of the NLU, which
takes into account the linguistic ontology of the mind and, at the same
time, has a heuristic potential for computational psycholinguistics.

Such a meta-theory, in our opinion, is logical to form at the
intersection of structural-ontological and informational-psychological
views on language intelligence and information metabolism, respectively.
The purpose of this article is the describe of the author’s ideas about the
subject matter field of the NLU problem, which are formed based on
these approaches. The stated theoretical ideas are conceptualized by us
within the framework of a look at the NLU in line with the descriptive
methodology.

Methods and techniques of the research

The ideas about NLU given in this publication are based on the
systemic description of the mind as an energy phenomenon that unfolds
in a space-time environment and is accompanied by the archetypal
structuring of neural impulses into cognitive structures (images). In the
genesis of this phenomenon, we distinguish two stages — development
and maturity. In the first stage system (mind) acquires verbal
morphology on the background of needs differentiation. The second
stage is characterized by a motivational context and a predominance of
discursive morphology (Shymko, 2018a, 2018b).

The most significant structural and ontological components of
the development and transformation of the material of the system
are schematically summarized in Figure 1. Thus, segment 1 displays
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the basic level of the system, its starting preverbal architecture with
neurocognitive properties. The stage of developmental is represented
by a structural layer consisting of segments 2, 3 and 4 (dotted
curve line). The stage of maturity covers the segments — 5, 6, 7, 8
and 9 (solid curve line). For detailed acquaintance with the features
of the system deployment we refer the interested reader to the above
authors publications. And here we confine ourselves to the emphasis on
the fact that the genesis of the mind is associated with the formation
of structural layers, each of which is characterized by a specific
morphology. At the same time, the reaching of the system to a new
level does not replace and does not cancel the activity of the previous
layer but is built on above it. Thus, the mind functions as a complex
multicomponent formation.

A ,
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| Natural Language
5 : | .
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 2\ Understanding |
Needs . 1_ _______ :
-7 i
2 ; 3 1 : !
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Archetypal Words Discourses (discursive
images (meanings) formations)

Fig. 1. Structural and ontological field of NLU

As we can see, NLU primarily covers the segments of the maturity
stage, however, partially includes the stage of development (Fig. 1),
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during which the mind forms the ability to operate on meanings with
the help of language tools (words). In turn, this ability is a necessary
prerequisite for the emergence at the maturity stage of a system of
such formation as — discourse. We understand the latter in line with
the views of Foucault (1972), as the meaning of the dispersion of
meanings. In our opinion, the discourse is constituted by the relation
between the actual dispersion of meanings and the worldview of the
subject (D,,), as a global discursive formation (meta-discourse). At the
same time, the structure of dispersion of discourse is transmitted from
the cognitive plan into the affective sphere of the mind, as a result of
which a hierarchy of significances of meanings is formed. This, along
with the meaning, connects the discourse with the formation of sense
(Shymko, 2018b).

We consider NLU as a composite function of the mature mind,
which is organized and functions primarily discursively. At the same
time, the grammatical structure of a language, in our opinion, also has
a discursive organization and, by analogy with a worldview, represents
a structural model of a global discursive formation (meta-discourse of a
language). Thus, NLU appears as a relation between the discourse of a
particular speech message or language construction (D)) and the meta-
discourse of a language (D,). There are two important stipulations in
the proposed look at NLU. Firstly, from the ontological point of view,
language does not exist outside of the intelligent entity, that is, D, =
D,,. Secondly, it is necessary to take into account the influence of the
need-motivational factors, the expediency of which obviously follows
from the structural and ontological localization of the NLU (Fig. 1).

Based on the results of our analysis (Shymko, 2018a, 2018b), we
believe that such an impact on the NLU process arises on the structural
layer of the system, which corresponds to the stage of development of
the mind (segments 2, 3, 4 in Fig. 1). Namely, needs (N) constellate a
meta-discourse presented at this level by a set of verbal meanings. Their
dispersion and, as a consequence, the emergence of the discursive mind
morphology occurs in the next structural layer of the system (segments
5,6, 7, 8 9 in Fig. 1). Here, the interaction of needs with meta-
discourse is characterized by them objectification and the formation of
motives (M), which we understand in line with the views of Leontev
(1978). At the same time, we note that the negative modality of the
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parameter (-N) in the logical formulas proposed below indicates a
dissatisfaction of needs.

M=—N*DL (1)

The integral f (=N = D;) in formula 2 represents the simultaneous
«accounting for» the needs and motives influence, and makes it possible
to represent the PEU as the relation between the discourse of a specific
speech message and the meta-discourse that is actualized by the current
need-motivational configuration of the mind.

Dy

NLU = 5550 @

On the other hand, when constructing the conceptualization
of NLU, we compared the structural-ontological concept with the
informational and psychological view on this problem. For this purpose,
we used the approach of the information theory of emotions by
Simonov (1991):

E=-N,—-1,) 3)

In this formula: E — emotion; — N is the activated need, I, is the
necessary information and I, is the existing (available) information.
Depending on the ratio of the necessary and existing information, the
modality of emotional experience is determined. However, the heuristic
potential of this equation goes far beyond the indication of the modality
of emotions, since it contains the logic of informational metabolism and
its connection with the sphere of needs and affects. Simonov’s approach
allows us to answer the question of WHAT exactly is happening in
the process of NLU, and the structural-ontological view reveals the
answer to the question HOW? The intersection of these research vectors
allowed us to propose the methodological concept of the NLU, to the
description of which we turn below.

Results and Discussions

The main difficulty of the presented theoretical analysis lies in
the plane of consistency of the two approaches. The solution of such a
problem in the field of descriptive methodology, in our opinion, can be
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carried out by drawing parallels based on the functionality of the object
under study. In particular, we assumed that NLU, from a functional
point of view, is identical to In. Namely, we considered the NLU in the
context of the emerging need for the mind to solve the informational
task of reconstructing the meanings from a speech message.

E
NLU =1, = I, —= 4

Continuing the logic of the functional parallels, we considered the
parameter I,, as an identical to the information that has been updated in
the meta-discourse at each particular moment of the NLU.

I, = [(=N=D,) (5)

Thus, the NLU process takes the following schematic form:
D

oo = ¢ N«+D) -~ 6)

This equation (formula 6) expresses the essence of our ideas about
the subject matter field of the problem of the NLU, as well as about
the key functional processes of the mind, as the acting agent of the
NLU. The left part of the expression displays the structural ontology of
NLU, which we discussed in detail above. Right — reveals the relevant
information dynamics, consideration of the features of which we begin
with an attempt to understand the parameter ( ).

«The relationship of emotions with needs can manifest itself in
two ways — in accordance with the duality of the need itself, which,
being felt by an individual in opposing him, means simultaneously his
dependence on something and striving for it» (Rubinstein, 1999: 583).

Let’s draw attention to the fact that in this quotation the object
of need is «opposed» in relation to the subject. In terms of our
consideration, such localization indicates not so much the need, but its
objective equivalent, i.e. motive (formula 1). As already noted by us,
the motive is constituted by the interaction of needs and meta-discourse
(DL). This nuance in the Rubinstein position is important for us because
it indirectly confirms the validity of the location of the parameter (—N)
in the denominator of formula 2.

«The relationship between emotions and needs is far from
clear. Already in an animal that has only organic needs, the same
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phenomenon can have a different and even opposite — positive and
negative —meaning due to the diversity of organic needs: satisfying
one, it can go to the detriment of another. <..> Even less clearly is this
relationship in a person. Human needs are not limited to organic needs
only; he has a whole hierarchy of different needs, interests, attitudes»
(Rubinstein, 1999: 584).

And in this case, the given point of view on (%) as well
corresponds to our position that the structure of the meanings dispersion
in a discourse is transmitted into the affective sphere, which leads to
the formation of significances of meanings, which are being experienced
emotionally. The latter, in turn, interact with the need-motivational
stimulation (Shymko, 2018b: 417). Thus, the understanding of
information metabolism in the NLU process implies the necessity for
differentiation of affective and need-motivational factors, as well as the
consideration of their interaction.

Parametric evaluation of this interaction goes beyond the target
scope of this conceptualization and requires a separate empirical study.
However, there are some qualitative aspects of the influence of needs
and emotions on NLU, which we would like to focus on in this work.
Let’s start with the needs factor, which detects the end-to-end presence
in all components of the PEY formula. The presence of activated needs
is a fundamental prerequisite for NLU. In other words, the NLU process
involves a certain «frustration background», which has a dual influence
on the NLU, based on well-known functions of needs.

On the one hand, the intensity of the need is directly proportional
to the amount of actualized energy (recall that we consider the mind
in the context of the energy paradigm of the natural sciences). On the
other hand, the amount of energy needs is not necessarily relevant to
the amount of information. So, frustration often has a focusing effect
on the mind, narrowing its locus to meanings, that are associated
with corresponding needs. At the same time, unrealized excess energy
can be channeled using other mechanisms (for example, emotional
experiences). We expect that the change in value (—N) will affect
J(—=N = D,) according to a scenario similar to the pattern of Yerkes-
Dodson (1908). As we see, the influence of needs on NLU is both
quantitative and qualitative.

Emotions have the same important influence in the proposed
NLU model, but according to a fundamentally different structural role.
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Namely, we are talking about the modality of ( -), which by default is
negative (formula 6), since it expresses the dlssatlsfactlon of the need.
The need cannot be positive by definition, and when N = 0 (satisfied
need), the formula does not make sense. If the emotional factor is
positive, the equation retains its original form. However, in the case of
a negative modality of emotions, summation appears in the right side of
the formula instead of the subtraction. Thus, the modality of emotions
serves as an operator of the information metabolism structure.

So, consider the qualitative differences that arise in the process
of NLU with different values of emotions. When (E> 0), the NLU
is performed as the subtraction of a certain value from the current
configuration of the meta-discourse. NLU has the character of reduction.
The information that will still be obtained as a result of the NLU
is already contained in the meta-discourse activated by the needs.
Figuratively speaking, in the process of NLU, there is a «discarding
of excess». We propose to denote such a variant of NLU as —
reduction scenario.

When (E <0), NLU implements informational metabolism by
summation. Negative emotions lead to the addition of information not
previously activated in the meta-discourse. NLU acquires a character of
synthesis. In the process of NLU, an «addition of a new information»
takes place. We suggest calling the corresponding variant of NLU —
synthetic scenario.

However, based on our formula, technically it is also possible
that (E = 0). In this case, our equation becomes truncated form:
f<_f-im= J(=N=Dy). This means that as a result of the NLU, the
information contained in the meta-discourse has not changed at all and
remains identical to the previous state. Such a configuration is possible
in a situation where, in the process of the NEP, for some reason, there
was no dispersion of meanings and, as a result, no discourse was
formed (D, = 0). From the ontological point of view, in such a case
it is impossible to speak about NLU per se. In our opinion, such a
structural model can correspond to a primitive memory function used
to match a perceived speech message with a preexisting set of language
unit combinations. However, such a «simplification» is excluded by our
understanding of the structural ontology of the mind, as an entropic
energy system (Shymko, 2018a, 2018b). As we can see, the role of
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emotions in the NLU is not only productive, but also in terms of the
specificity of the information metabolism — constitutive.

The stated aspect, in our opinion, is another argument in scientific
discussions about how promising the development of exclusively
cognitive models of NLU is. As we have shown, emotions act as an
operator of the information metabolism structure of NLU. This, together
with the nonlinearity of the interaction of emotions and needs, perhaps,
hurdles the accessibility of the frontier known as the Turing test (1950).
After all, the intuitive ability of the living mind to distinguish artificial
speech is based on data obtained precisely in the process of NLU.

Conclusions

Summing up the material presented in this publication, we note
the following most important components of the methodological
conceptualization of the NLU. The combination of structural-ontological
and informational-psychological approaches provided an opportunity to
describe the subject matter field of NLU, as a composite function of the
mind, which systemically combines the verbal and discursive structural
layers. In particular, the idea of NLU is presented, on the one hand,
as the relation between the discourse of a specific speech message
and the meta-discourse of a language, in turn, activated by the need-
motivational factors. On the other hand, it is conceptualized as a process
with a specific structure of information metabolism, the study of which
implies the necessity to differentiate the affective (emotional) and need-
motivational influences on the NLU, as well as to take into account their
interaction. At the same time, the hypothesis about the influence of needs
on NLU under the scenario similar to the pattern of Yerkes-Dodson is
argued. And the theoretical conclusion that emotions fulfill the function
of the operator of the structural features of the information metabolism
of NLU is substantiated. Thus, depending on the modality of emotions
in the process of NLU, it was proposed to distinguish two scenarios
for the implementation of information metabolism — reduction and
synthetic. The argument in favor of the conclusion about the productive
and constitutive role of emotions in the process of NLU is also given.

Speaking about the prospects for further research, we tend
to divide them into two groups — theoretical and practical areas of
study. Regarding the first group, we believe that further work on
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the construction of methodological conceptualization, which would
encompass not only NLU, but also the problem of natural language
processing (NLP) as a whole, including such components as speech
synthesis, text generation, etc., is relevant. The solution of such a
large-scale task is not conceived otherwise than in the context of work
on a global scientific problem — the construction of a theoretical and
methodological map of the conscious mind. With regards to the second
group of studies, practical experiments aimed at verifying hypothetical-
deductive theories of language consciousness are of particular relevance.
An example of one of these theories is this work. The proposed
formulas are not mathematical and, moreover, statistical models of the
corresponding phenomena, processes and facts. They are nothing more
than a way to present actual logical concepts that describe the possible
topography of the NLU subject matter field. The use of this way of
presenting material is fully justified in view of the pioneering state of
the area being studied and the absence of even an approximate map
for traveling deeper into the psychology of linguistic consciousness. On
the other hand, we hope that our calculations will serve as prototype
methodological sketches for future testing and corresponding empirical
corrections in the field of computational psycholinguistics.
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AHHOTALMNA

JaHHas cmames codepxum pe3ysbmamel meopemuyecKkozo aHAAU3a eHoMeHa
MOHUMAHUsA ecmecmeeHHo20 A3bika (MEA), Kak memodosozuyeckoli npobaemel.
0ObveduHeHUe CMPYKMypHO-OHMOM02UYECK020 U UHPOPMAYUOHHO-MCUXO0M02U4ECKUX
nooxodoe obecne4yuso B03MOXHOCMb onucame npedmemHoe none [1EA, KoK
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Kommno3zumHoli pyHKUuu pasyma, Komopsil cucmemHo obveduHsem sepbanbHbeIl u
OucKypcusHblli cmpyKkmypHsele caou. B uyacmHocmu, [MEA npedcmassneHo, ¢ 00HoU
CMOPOHLI, KAK OmHoweHue mex0y OUCKYPCOM KOHKPemHo20 peyesozo coobujeHus
U mMema-OUCKYPCOM A3biKA, 8 CBOK o4Yepedb, AKMyaau3uposaHHo20 nompebHOCMHo-
mMomueayuoHHeimu ¢akmopamu. C dpyzoli cmopoHsl, TEA KoHuenmyanusuposaHo,
KaK npouyecc co crneyuguyeckoli cmpykmypoli UHGOPMAUUuoHHO20 Memabosau3ma,
uccnedosaHue  Komopoz2o  npednonazaem  Heobxodumocme  OugdpepeHyUayUU
appeKmusHo20 U UHMEHYUOHAAbHO20 6auAHUl Ha [1EA, a makxe y4ema ux
coomHoweHusA. Tlpu amom, apeymeHmMupos8aHa aunomesa o eaAuAHUU nompebHocmeli
Ha [EA no cueHaputo, aHAM02U4HOMY 3aKOHOMepHocmu Mepkca-fJodcoHa. Takce
060cHO8aH MmeopemuyecKuli 861800 O MOM, 4YMO 3MOYUU BbIMOAHAM (BYHKYUIO
ornepamopa cMmpykmypHsix ocobeHHocmeli uH@opmayuoHHo2o memabonusma [1EA.
Tak, 6 3asucumocmu om modaasbHocmu 3smoyuli 8 npouyecce [1EA, npednoreHo
sbl0enams 084 CUeHApusa ocywecmeneHua UHGOPMAyuoHHo20 Memabonusma —
PeOYKUUOHHbIU U cuHmemuyveckul. lpusedeHa ap2ymeHMauyus 8 rosab3y 86i8000 O
npodykmusHoli u KoHcmumyupyrowel poau smoyuli 8 npouyecce [EA.

Knroveeavle cnoea: 8bi4uC/UMENbHAA MCUXOAUH2BUCMUKA, MOHUMAHUE ecmecmeeHH020
A3bIKA, CMPYKMYPHAA OHMOs02US, UHPOPMAUUOHHbLIG mMemabosausm, A3bIKogoe
CO3HaHue, 8epbasibHbIL UHMesnaekm, UCKyccmeeHHbIl UHMesnnekm, pasym.

LWWumko Bimaaniii. Po3ymiHHA npupodHoi moeu: memo0dosa02iYyHa KOHyenmyanizayis

AHOTALIA

Y uii cmammi e8uKknadeHO pe3ysbmamu meopemuyHo20 aHasni3y eHomeHa
pO3YyMiHHA npupodHoi mosu (PMIM), sk memodosnoeiyHoi npobaemu. O6’€OHAHHA
CMPYKMYpPHO-0HMOs102i4H020 ma iHghopmayiliHo-ncuxonociyHUx nioxodie 3abe3ne4yusno
Moxcausicme onucamu npeomemue nose PIM, sK KOMIO3UMHOI yHKUii po3ymy,
AKul cucmemHo 06’edHye sepbanbHuUli i OUCKypcusHUl cmpykmypHi wapu. 30Kpema,
PMIM npedcmasneHo, 3 00Ho20 OOKY, K GIOHOWEHHA Mixt OUCKYPCOM KOHKPEmHOo20
MOBH020 08i00OMAEHHA | Mema-OUCKYPCOM MOBU, 8 CB800 4Yepay, aKmyasi308aHO20
nompibHicHo-momusayiliHumu YuHHUKamu. 3 iHwozao b6okKy, PIIM KoHuenmyanizosaHo,
AK  npoyec 3i cneyugiyHow  cmpykmyporo  iHpopmauyiliHoeo  memabonizmy,
docnionceHHa fAKoeo nepedbavyae HeobxiOHicmb OugepeHyiayii agpekmusHo2o0 ma
iHmeHuyjiliHoeo enaugie Ha PIMIM, a makox« 8paxy8aHHsA ix criegioHoweHHS. [pu ybomy,
ap2ymeHmMoeaHa einome3a npo eraue nompeb Ha PIIM 3a cueHapiem, aHasn02iyHUM
3aKoHomipHocmi Mepkca-flodcoHa. Takoxc obrpyHmosaHuli meopemuyHuli 8UCHOBOK
po me, Wo emouii BUKOHYIOMb (PYHKUiO onepamopa cmpykmypHux ocobausocmeli
iHpopmayiliHozo memabonismy PIIM. Tak, e 3anexcHocmi 8id modaneHocmi emoyili 6
npoueci PMIM, 3anpornoHosaHo eudinamu 0ea cuyeHapii 30ilicHeHHA iHgopmayiliHozo
memaboniamy — pedyKuiliHuli i cuHmemuyHull. HasedeHo apeymeHmMayito Ha Kopucme
BUCHOBKY W,000 NpodyKmusHoi ma KoHcmumyuiliHoi posni emoyili 8 npoueci PIM.

Knw4oei cnoea: o064ucno8anbHaA MCUxosiHegicmuka, pPo3yMiHHA MpupoOdHoi mosu,
CMpYKMypHa  OHMonoRIid, iHpopmauiliHuli  memaboniam, MoeHa  ceidomicme,
sepbanbHuUli iHMenekm, wmy4yHuUll iHmMenekm, Po3ym.
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