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The notion of “digit”: semiotic aspect
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Abstract. In the article, based on analysis of works on philosophy, linguistics, psychology, pedagogy and methodology of mathemat-
ics the place of digits in the classification is studied from the point of view of semiotics — the science of signs. The author establishes
common and different features of the concepts of “sign” and “symbol” as interpreted by different sciences. The analysis of the scien-
tific and methodological sources justified the need for the use of the term “sign-symbolic means” and enabled its definition. It is
noted that in the process of solving a series of mathematical problems using digits that refer to sign-symbolic means one performs
functions of substitution, encoding, decoding, schematization and modeling. It is concluded that the ability to use digits as a sign-
symbolic means for solving mathematical problems, including calculations, is a measure of a child’s intellectual development.
Keywords: sign, symbol, digit, number, semiotics, sign-symbolic means.

Introduction. Learning math is not possible without the
use and operation of the system of signs and symbols,
including the ten Arabic numbers. In studying Mathemat-
ics in elementary school children operate and use them in
practical computing activities, and the first visual intro-
duction took place back in preschool.

Literature review. The fact that the study of signs and
symbols is reflected in the works of linguists
(I. Arzamastseva, Yu. Stepanov), culturologists
(E. Kassirer), philosophers (R. Descartes, M. Zhukov),
psychologists (L. Vygotsky, L. Zankov, L. Zorin,
H. Kostiuk, ~ Zh. Piaget, N. Salmina), psychiatrists
(J. Lacan), pedagogues and methodologists
(D. Bohoyavlenskii, |. Bohatyrov, N. Istomina,
N. Menchynska, N. Tarasenkova) shows that signs and
symbols are multi-vector.

Purpose. As the use of signs and symbols is not only
an integral part of primary school arithmetic, but also
mathematical and scientific activities in general, there is a
need for analysis of the theoretical principles of the use of
signs in different areas of human activity with the aim of
understanding the process of their perception.

Results and discussion. In this context it is necessary
to determine the nature of these concepts, which are inter-
preted differently by representatives of various scientific
fields.

Thus the term “symbol” is defined as:

— the conditional nomination of any magnitude, the
concept introduced to some science (in mathematics);

— sign means something secret, hidden, often supernat-
ural or divine that acquires the status of symbol only
when a connection between the sign and its value is estab-
lished (in the history of culture);

— one of the central concepts that is essential for the
construction of any theory; the most controversial concept
for understanding (in philosophy);

— the minimum amount of data that can be transmitted
in digital form (in the general sense);

— mark or entity that designates another entity; digits
are symbols that indicate the number (in literary criti-
cism).

The above-mentioned shows that the terms “symbol”
and “sign” are sometimes used interchangeably, especial-
ly when it comes to the formula as special signs used in
“scientific languages” — mathematical, physical, chemical,
logic, etc. The sign has such an important function as
replacement, and a set of signs forms a sign system.
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By definition of J. Malafiyik the sign is universal and
the symbol is a specific manifestation of the sign [9, p.
104].

In the cultural study “Essay on Man”, E. Kassirer con-
cluded that without symbols a person’s life is likened to a
prisoner’s life of Plato’s cave limited by his biological
needs and practical interests. Then the individual will not
be able to access the “ideal world”, which opens from
different sides — religion, art, philosophy and science [7,
p. 487].

In her work on psychology, N. Salmina notes the dif-
ference in these concepts. Thus, the sign indicates the
content and the symbol reveals it. However, the author
notes that these functional differences of signs and sym-
bols are not essential in learning and they can be viewed
collectively as sign-symbolic means that combine a set of
signs and symbols [10, p. 4].

Given the demand for the use of signs in different sci-
ences (mathematics, logic, linguistics, philosophy, psy-
chology, biology, anthropology, aesthetics and sociolo-
gy), they have become the central object of study in sci-
ence that studies the specific signs and their systems —
semiotics. Its founder Charles Peirce believed that all
communication means are signs involved in the formation
and development of human consciousness.

Ch. Peirce granted a special status to semiotics because
such sciences as logic, mathematics and others are sign
systems. Therefore, semiotics, as the science of signs,
should become the meta science, which allows to describe
general principles and methods of scientific knowledge.

In the context of studying the sign theory semiotics is
associated with such sciences as logic, philosophy, psy-
chology and others. This is because signs determine their
learning and thinking in terms of understanding the mech-
anisms of perception and transmitting information, pat-
terns and characteristics reflecting reality, design features
of thinking and intellectual activity of the individual.

By definition of Ch. Morris “human civilization is im-
possible without signs and sign systems; the human mind
is inseparable from the functioning of signs™ [11, p. 37].

We can infer from the concept of the sign developed
by Ferdinand de Saussure and Charles Pierce that the
ability to operate signs relates to properties of the organ-
ism to interact with nature, which in turn is a sign of intel-
ligence.

Charles Peirce’s assertion that we “think only by
signs” that take the form of words, images, imagination,
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actions or objects gains importance. Each of these forms
has no inner meaning and they become signs only when
we put value in them.

This means that the use of symbols allows a person to
operate in his/her mind with the “substitutes” for objects
of the external world, to create iconic model of reality, to
identify characteristics and relationships between these
objects.

Defining the role of signs in the human mind we
should indicate the place of digits in semiotics. Thus,
according to the classification proposed by A. Korshunov
and V. Mamontov all the signs are divided into linguistic
and non-linguistic (indexes, iconic signs, symbols). If we
consider the language consisting of mathematical terms,
numbers, letters, formulas and various expressions to be
called mathematical, then digits relate to the language of
signs. The feature of such signs is that they come in the
system and function as signs only in it, according to the
existing rules in it — both explicit and implicit. Language
signs can be defined as material objects, intended for use
as signs.

By the type of language, they distinguish signs of natu-
ral and artificial languages. In this division digits relate to
artificial languages.

By the classification of the founder of semiotics
Charles Peirce, due to the way of connection with the
signified object mathematical symbols (digits and signs of
actions) are sign-symbols.

By type of sign systems ten Arabic digits (0 to 9) form
a simple semiotics. By the ability to be a part (subsystem)
in a complex system of mathematical symbols that in-
cludes a number of subsystems they relate to a multi-level
semiotics. In such systems there is a hierarchy of signs,
i.e. signs of a higher level can be combined to form new
signs (record of many digital numbers, numeric expres-
sions, etc.). Overall Arabic digits belong to simple multi-
level semiotics [2, p. 29-30].

In mathematical language the use of signs in sign sys-
tems is based on identification of abstraction, which lies
in the perception of essential properties of objects and
ignoring insignificant their properties. On its basis the
same-type signs that were created under different condi-
tions, in different times, by different means and that have
different material nature become identified. In particular,
the digit represented as different fonts printed is consid-
ered the same digit, and various options for its record are
considered as different examples of copy of the same
sign.

An interesting feature is the weight of the sign by
which A. Solomonyk understands predetermined place of
the sign, its function and value relative to other signs. It is
important to study the digit in the semiotic perception, as
the same digits recorded in various categories of the natu-
ral series of numbers, significantly change their weight in
relation to other digits [12; 13].

Returning to learning math using semantic-symbolic
means N. Tarasenkova indicates their developmental role
that is worth mentioning only in a situation where they are
meaningful for students forms [14, p. 17]. The researcher
proposes to cover and analyze the process and learning
outcomes in terms of specificity — inherent activity with
the semantic-symbolic means, which serve students and
teacher during recording and converting the content of
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educational material in mathematics, and how a semiotic
development of students correlates with the improvement
of their mathematical education and personality formation
[14, p. 5]. By I. Bohatyrov’s definition the semiotic de-
velopment of students is the process that enables them to
deliberate sign-symbolic activity (substitution, encoding,
decoding, schematization and modeling) while solving
math problems. We find important the scientist’s belief
that learning should be built to ensure conditions for the
pupils to master and use freely the sign-symbolic means
in the learning process. Because it helps to neutralize a
large number of conflicts between logical and visual, as
well as to compare the process of students’ semiotic de-
velopment with the semiotic function of their psychic
under which I. Bohatyrov understands the ability to own
and operate freely the sign-symbolic shell of mathemati-
cal content [3, p. 8].

The importance of the ability to use sign-symbolic
means in everyday life has been emphasized by many
experts. Thus, N. Salmina believes that by the time your
child goes to school he/she should have generated such
kind of sign-symbolic activity as substitution (use of
alternates that perform the same function as the substitut-
ed subject and through which a sequence of visual learn-
ing is built and conditions for proper perception and un-
derstanding of new knowledge content by students are
created), encoding (the translation of reality, or text de-
scribing reality, into sign-symbolic language, which is
followed by content decoding) — decoding (the ability to
recognize content), schematization and modeling [10; 14,
p. 21-22].

In the field of sign-symbolic means, . Malafiyik for-
mulated the following principles of coding and decoding:

— conciseness (for encoding information they use only
those means that are necessary to inform its essence);

— synthesis and unification (the used means should not
be split);

— focus on key semantic elements (the most significant
items are noticeable by shape, size, colour or dispropor-
tion);

— autonomy (parts that transmit independent messages
should be accentuated and separated one from the other);

— structure (each autonomous unit of the complex
should have a clear differentiated structure);

— stages (there must be the spatial distribution of all in-
formation for its consistent perception and appropriate
placement) [9, p.108].

According to N. Istomina, the awareness of the differ-
ence between the number and the digit in the study of
single-digit numbers is quite difficult for a child. In some
cases, even teachers have difficulty associated with the
use of these terms.

Finding the match between the numerical figure (sub-
ject model), word-numeral (verbal model) and the sign-
digit (symbolic model) helps children to understand that
the digit is a sign that identifies the number of different
items [6, p. 63-64].

According to the research of H. Kostiuk, children are
becoming aware of number at the end of the third year of
life and in the process of communicating with adults. The
result is that the activities carried out through verbal
communication with adults [7, p. 300-301]. However,
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they equate the number of the corresponding figure a little
later.

Since the perception of a digit as a semiotic category is
associated with the concept of number, we should analize
the development history of the latter. Thus, M. Zhukov
states that people at first did not separate the number of
objects from them and used for this “named numbers” —
hands and fingers. Only at the higher stage of their devel-
opment people began to separate the concept of number
from objects, using natural numbers. With the further
development of society they learned to speak them with
articulate sounds, and with the advent of writing, to rec-
ord them with appropriate signs — digits. We find interest-
ing the conclusion of F. Engels that in order to figure out
one not only needs to have items to count, but also the
ability to be distracted when considering these items from
all other their properties but number. This ability is the
result of a long historical development, based on experi-
ence. Thus, in the complex process of natural number
establishment the primary importance was attached to the
identification of abstraction that is not confined to math-
ematics [5, p. 11-12].

Using sign-symbolic means in mathematics has signif-
icant advantages compared to the verbal form of represen-
tation. In particular, the representation of the number of
items as an appropriate digit is percieved better (the re-
search of D. Bohoyavlenskii and N. Menchinskii shows
that first-graders overlook the word-numeral in the prob-
lem instruction if it is represented not as a digit to which
they are accustomed) and multi-digit numbers are per-
ceived much faster. Learners immediately view them
holistically, which simplifies and accelerates the overall
perception of the text [4, p. 169].

These processes are not only legitimate, the evidence
of a child’s development, but are important in further
study of mathematics.

According to Zh. Adamar, “in the process of mental
activity the more difficult and complex a question is, the
less you can trust the words, the more clearly you must
understand that you should control this dangerous ally”
[1, p. 76].

The result of any research can be expressed only
through signs, because people express their thoughts

www.seanewdim.com

using only signs that are specifically created for this. They
have no other ways of expression [12; 13].

Interesting is the comparison of the two systems of
signs — digits and the alphabet — because of their genesis
they are not separated from each other.

According to S. Stepanov, alphabets and arithmetic
have the same bases, as evidenced by the alphabetical
reflection of counting and numbers in various writings
[11].

There are well-known facts relating to feedback, when
in some cultures (e.g. in Slavic under the Greek influence)
they originally used letters, not digits, for numbering and
marking amounts.

In ancient Greece and Rome, they used Roman digits
to indicate quantity. However, those digits were bulky and
not abstract, but their significant disadvantage was that
they impeded the process of computing [12, p. 66].

A significant advantage of using Arabic digits in
arithmetic, where each number except verbal designation
is an appropriate representation of the digits, is that they
are involved in the computation algorithms. For example,
when doing the task type presented in verbal form “twen-
ty-five multiplied by seventeen” you should put it (at least
mentally) as follows: 25x17, using written multiplication
algorithm. That is, any problem can be presented verbally,
but it can be solved only by using required symbols [, p.
90].

Conclusion. Using digits as one of the types of the
sign-symbolic expression of content is a necessary com-
ponent of theoretical thinking, which helps to distinguish
forms from content. It is an important tool for proper
learning and the development of theoretical and abstract
thinking, and as a result — the intellectual development of
children in general.

The ability to use digits lies the paramount ability of
the human psychics to the development and training of
the student, which appears in the ability to operate them.

From the perspective of the semiotic approach to
mathematics digits, from the standpoint of abstraction, are
involved in the identification of abstract thought opera-
tions and influence on the development of computing
skills.

JUTEPATYPA

1. Anamap XK. UccnemoBaHWe TICHXOJIOTHH — MpoIecca
n300peTeHus B obnactu Martematuku. [lep. ¢ ¢panm. : U3n-
Bo “CoBerckoe paauno”’, Mocksa. — 1970.— 152 c.

2. ApzamacueBa U. B. Cemmornka : yueGHoe mocobme K
JICKLIMOHHBIM 3aHATHSAM JUIL CTYISHTOB CIIELHAIBLHOCTH
“Teoperndeckas ¥ MPUKIAAHAS JUHTBUCTHKA” / cocT. U. B.
Ap3zamacneBa. — YiabstHoBcK : YTV, 2009. — 89 c.

3. BoratuproBa [.M. Meromuka po3poOKH ¥ yIpOBaIKEHHS
CHCTEMH pO3BHBAJIBbHUX 3aBAaHb Yy HaBYaHHI MaTEMaTHKH
y4HIiB 5-6 KkmaciB : muc.. ... KaHA. mem.Hayk @ 13.00.02 /
Boratuprosa I.M. — Yepkacu. — 2009. — 23 c.

4. borosinenckuit . H., Menuunckas H. A. Ilcuxomorus
ycBoeHMs1 3HaHMI B mkone. — M.: M31-Bo Akaz.men.Hayk
PCOCP, 1959. — 347c.

5. Kyko H. . ®unocodckue ocHOBaHUS MaTeMaTuku: Y4eod.
nocobue. — 2-e y34., HCIp. U A0 — MH.: YHHBEPCHTETCKOE,
1990. — 110 c.

6. Ucromnna H. b. Meroauka oOy4yeHus MareMaTHKe B
HayalnbHOM IKkose: Pa3BuBaromiee oOyueHue. — CMOJIEHCK:
N3a-Bo “Acconmarnus XXI Bex”, 2005. — 272 c.

7. Kaccupep OpHcr.  M30pannoe. OmbIT 0 uemoBeke. — M.:
Iapmapuka, 1998. — 784 c.

8. Koctiok I'.C. HaBuanbHO-BUXOBHHMI TpOIEC i ICHXIYHUI
possutok ocobucrocti / I. C. Koctrok. — KuiB : Panx. mk.,
1989. - 608 c.

9. Manadiik 1.B. [dunmaktuka: HapuameHmii mociOHuk. — K.:
Konnop, 2005. - 397 c.

10. Canvunra H.I'. 3Hak u cumBoa B oOyudenmu. M.: Uzn-Bo
Mock. yH-Ta, 1988. — 288 c.

11. Cemiotuka / 3a ar.pea. FO.C.CrenanoBa. M. :
1983. - 628 c.

12. Conmomonnk A.B.  Ouepk oOweit cemuotnkn / AbGpam
Conomonuk. — Munck: MET. 2009. — 191 c.

13. Conomonuk A.b. Cemuornka u €€ IeJaroru4ecKue
npemtoxenust // TIpoGiemMbl COBpeMEHHOTO 06pa3oBaHUS,
2010. — Ne2.—C. 41-49.

14. TapacenkoBa  H.A. TeopeTHKo-MEeTOMYHI ~ OCHOBH
BHKOPHCTAaHHS 3HAKOBO-CHMBOJIIYHUX 3ac00iB y HaBuYaHHI
MaTeMaTHUKH YYHIB OCHOBHOI ILIKOJIH : JHUC.. ... JOK. IIe/I.HAyK
: 13.00.02 / Tapacenkosa H.A. — K. — 2004. — 39.

“Pazlyra”,

39



Science and Education a New Dimension. Pedagogy and Psychology, V (57), Issue: 129, 2017

www.seanewdim.com

REFERENCES

. Adamar, Zh. 1970. Investigation of psychology of invention
process in mathematics. Transl. from French / J. Hadamard.
Moscow: Izd-vo Sovetskoye radio.

. Arzamastseva, |. V. 2009. Semiotics: Guide to lectures for
students of the specialty “Theoretical and Applied Linguis-
tics” / I. V. Arzamastseva. Ulyanovsk: UIHTU.

. Bohatyrova, I. M. 2009. Methodology of development and

implementation of the system of developing tasks in teaching

mathematics to students of 5-61 grades. Abstract of doctoral
thesis... Doc. Ed.: 13.00.02 / I. M. Bohatyrova. Cherkasy.

Bohoyavlenskyy, D. N and N. A. Menchynskaya. 1959. Psy-

chology of mastering knowledge in school. Moscow: |zd-vo

Akad. ped. nauk RSFSR.

. Zhukov, N. 1. 1990. Philosophical fundamentals of mathemat-
ics: Textbook. 2nd ed. / N. I. Zhukov. Minsk: Universitetsko-
ye.

. Istomina, N. B. 2005. Methods of teaching mathematics in
primary school: Developing learning / N. B. Istomina. Smo-
lensk: 1zd-vo Assotsiatsia XXI vek.

HonsaTue “nudpa”: ceMMOTHYECKUI ACTIEKT
P. 51. PomanuiuH

7. Cassirer, Ernst. 1998. Selected essays: Experience of man /
Ernst Cassirer. Moscow: Gardarika.

8. Kostiuk, H. S. Educational process and mental development of
the individual / H. S. Kostiuk. Kyiv: Rad. shkola.

9. Malafiik, 1. V. 2005. Didactics: Manual / 1. V. Malafiik. Kyiv:
Kondor.

10. Salmina, N. G. 1988. Sign and symbol in education / N. G.
Salmina. Moscow: 1zd-vo Mosc. Un-ta.

11. Semiotics. 1983. Yu. S. Stepanov (Ed.). Moscow: Raduga.

12. Solomonyk, A. B. 2009. Essay of global semiotics / Abram
Solomonyk. Minsk: MET.

13. Solomonyk, A. B. 2010. Semiotics and its pedagogical pro-
posals. In Problems of modern education 2: 41-49.

14. Tarasenkova, N. A. 2004. Theoretical and methodological
basis of using sign-symbolic means in teaching mathematics
to secondary school pupils: Abstract of post-doctoral thesis...
Doc. Ed.: 13.00.02 / N. A. Tarasenkova. Kyiv.

AHHOTanus. B craThe Ha OCHOBE aHanM3a TPYAOB MO (GUIOCOQMH, JMHTBHCTUKH, NCHUXOJOTHMH, NEJArOTHKA W METOMUKH
MaTeMaTHKH onpejensercs Mecto nudp B KnaccupUKalUU CEMHOTHKH — HayKe O 3HaKax. Y CTaHaBIMBAeTCs oOliee U OTIMYHOE B
TPAKTOBKE MOHATHHA ‘“3HAK” M “CHMBOJ’ pa3NUYHBIMH HayKamMHd. B pesynprare aHanm3a Hay4yHO-METOIUYECKHX HCTOYHUKOB
000CHOBBIBaETCS HEOOXOIUMOCTD HCIOJIB30BAHUS TEPMHHA ‘‘3HAKOBO-CUMBOJIMYECKUE CPEACTBA” W IMOJAETCS €ro ONpE/ICIEHHS.
OtTMmeuaeTcsi, 4TO B IPOLECCE DEIICHHs pPsda MaTeMaTHYeCKHX 337ad C HCHOJIb30BaHMEM LU(pP, OTHOCAIIMXCS K 3HAKOBO-
CHMBOJIMYECKUM CPEJICTBAM BBINONHSIIOTCS (BYHKIIMH 3aMEIEHHs, KOJUPOBAHUI-ICKOAUPOBAHMS, CXEMaTH3AMI U MOJICINPOBaHUS.
Jlenaetcst BBIBOJ, YTO CIIOCOOHOCTb HCIOJBb30BaTh HUQPHI Kak 3HAKOBO-CHMBOJIMYECKUE CPEACTBA NP PEIICHHMH MaTeMaTHYeCKHX

3a1a4, B TOM YHUCJIC U BLIHHCHQHHﬁ, SABJIACTCS MMOKA3aTCIIEM MHTCIIJICKTYAJIbHOTO Pa3BUTUA pe6eHKa.

Knroueswie cnosa: 3HAK, CUMBOJ, uuqbpa, Hucmio, cemuomuKka, 3HaKo8o-cumeoiudecKue cpe()cmea.
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