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Abstract: One of the main sources of acquiring mathematical knowledge in higher
education is mathematical text. However, many students experience significant
difficulties in reading and understanding mathematical texts. These difficulties are
associated with insufficient knowledge of terminology, an inability to identify semantic
relationships between mathematical concepts, and problems in interpreting various

forms of representation of mathematical symbols and information.
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This article proposes a three-layer model for understanding mathematical text based
on the integration of the thesaurus approach, semantic analysis, and the theory of
semiotic registers. The model describes the process of forming a student’s system of
knowledge while working with mathematical text.

According to the proposed model, understanding mathematical text is formed at the
following three interconnected levels:at the semiotic level — interpreting the forms of
representation of mathematical information, at the semantic level — identifying the
logical relationships between mathematical concepts; at the thesaurus level — forming
a system of mathematical knowledge.

The results obtained may serve as a methodological basis for developing students’
skills in working with mathematical information in the course of mathematical
analysis.

Keywords: mathematical text, thesaurus approach, semantic relations, semiotics,

mathematical analysis, educational information.
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Anomauia: Jlocniodxcenua cnpamogame Ha Ppo3poOKy iHmespamueHoi Mooeii
GPopMYBaAHHS PO3YMIHHA MAMEMAMUYHO20 MEKCMY y CIMYOeHmi8 8UUX HAB8YUATbHUX
3axknadie. AxkmyanvHicms pooomu 06yMOBNIeHa mMpYOHOWAMU, 3 AKUMU CIUKAIOMbCS
cmyoeHmu npu YumaHHi ma iHmepnpemayii MamemMamudHux mexKcmis, o
BKIIOUAIOMb BU3HAYEHHS, MeopemMu, 008e0eHH s, PopMYIU ma 2paghiuHi 300parceHHs.
Memoou. YV 0o0cnioxcenHi SUKOPUCMAHO MeEOPemMUYHUll  aHaliz NCUXol020-
neoazo2iuHol ma MemooudHoi 1imepamypu, KOHYenmyaibHe MOOeN08AHHS, A MAKON’C
NOPIGHANILHULL  AHAJII3  ICHYIOYUX NIOX00I8 (CeMiomuyHo2o, me3aypycHo2o ma
KOCHIMUBHO20).

Pezynomamu. 3anpononosano mpupienegy MoOenb PO3VMIHHA MAMEeMAmuyHo20
mexcmy, sKa BKIYAE: CeMiOmuyHull pieeHv (inmepnpemayis ¢Hopm NOOAHHS
iHhopmayii); cemMaHMuyHuli pigeHb (6CMAHOBNEHHS JIOIUHUX 38 S13KI6  MIdHC
NOHAMMAMY), Me3ayPyCHUL PideHdb (popmy8anHs cucmemu MamemMamuyHux 3Hamb).
llosedeno, wo egpexmuene po3yMiHHA MAMEMAMUYHO20 MEKCHY MONCIUGE Juue 3a
VYMOBU 83AEMOOIT YUX MPLOX PIBHIB.

Bucnoexu. Po3pobnena mooenv moice 6ymu 8uKOpUCmMana sk Memooo102iyHa 0CHOBA
0151 hOPMYBAHHA Y CMYOEHMIB YMIHb NPAYI08AMU 3 MAMEMAmu4How iHpopmayicro 8
KYpCl Mamemamu4yHo20 aHaulisy.

Knwuosi cnoea: mamemamuunuil mexkcm, cemMiOmuKkda, ceMawmuxa, mesaypyc,

mamemamudHUull aHani3

In mathematics education, mathematical knowledge is transmitted to students

primarily through mathematical texts. Such texts consist of various elements:

https://pedagogical-academy.com/index.php/journal/about ISSN: 2786-9458

VBech KOHTEHT JlilieH30BaHo 3a ymoBamu Creative Commons BY 4.0 International license



NEOATON4YHA AKAOEMIA:
HAYKOBI 3AMUNCKN

definitions, theorems, proofs, rules and algorithms, examples, graphs, figures, and
explanations. The totality of these elements constitutes the logical structure of
mathematical knowledge.

A student’s ability to work with mathematical text is an important condition for the
successful mastery of mathematical disciplines. However, teaching experience and
existing research show that students often encounter significant difficulties in reading
and understanding mathematical texts [7].

The most common difficulties include the following [13]:

« 1nability to distinguish mathematical terms;

« failure to understand the differences between definitions and theorems;

« inability to correctly identify the logical relationships between concepts;

« misinterpretation of mathematical symbols.

In the methodology of mathematics teaching, there are various theoretical
approaches aimed at explaining the process of understanding mathematical information
on a scientific basis.

For example, R. Duval emphasizes that mathematical thinking is closely related to
the use of different semiotic registers, that is, different forms of representation [3].
According to his theory, understanding mathematical objects develops through
transformations between different forms of representation.

APOS theory explains the cognitive process of mathematical concept formation
and describes the development of mathematical knowledge through the sequence of
action, process, object, and schema [1].

In addition, the thesaurus approach plays an important role, according to which
knowledge is viewed as a system of interconnected concepts [12, 16].

Despite the existence of these theoretical approaches, integrative models describing
the process of understanding mathematical text in contemporary mathematics

education methodology remain insufficiently developed.
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The aim of this study is to develop a three-layer integrative model for
understanding mathematical text based on the integration of thesaurus, semantic, and
semiotic approaches.

2. Theoretical Foundations of the Study

2.1. The Concept of Mathematical Text

Mathematical text is a system of logically connected elements through which
mathematical knowledge is conveyed.

The main elements of mathematical text include definitions, theorems, proofs, rules
and algorithms, formulas, problems, graphs, and figures. Each of these elements
performs a specific function within the structure of mathematical knowledge.

For example, definitions introduce new mathematical concepts, theorems express
the properties of mathematical objects, and proofs substantiate the truth of these
properties.

Thus, mathematical text constitutes a structured system of knowledge.

2.2. The Thesaurus Approach in Mathematics Education

The thesaurus approach considers knowledge as a system of concepts and the
relationships between them [12].

Within this approach, mathematical knowledge can be represented as a conceptual
network consisting of mathematical concepts, logical relations between them, and a
hierarchy of concepts. The formation of a mathematical thesaurus helps to build a
system of interconnected concepts in the student’s mind [10, 15].

For example, when studying the topic of bounded sets, the following system of
concepts is formed in students’ vocabulary: set, upper bound, lower bound, supremum,
infimum, bounded set.

2.3. Semantic Relations Between Mathematical Concepts

Relations between concepts are multifaceted [15], and from the perspective of

mathematics teaching methodology, it is advisable to identify the most essential ones.

https://pedagogical-academy.com/index.php/journal/about ISSN: 2786-9458

VBech KOHTEHT JlilieH30BaHo 3a ymoBamu Creative Commons BY 4.0 International license



NEOATON4YHA AKAOEMIA:
HAYKOBI 3AMUNCKN

The main types of such relations include: genus—species, part—-whole, cause—effect,
precondition, equivalence, and counterexample/negation.

2.4. Semiotic Registers in Mathematics

According to Duval’s theory, mathematical information is represented in different
forms [3]. The main registers are presented below (Table 1).

Table 1. Main Registers

Register Example

Verbal definition text
Symbolic mathematical formulas
Graphical coordinate axis
Tabular table of values

According to R. Duval’s theory, understanding a mathematical object is formed
through transformations of information across registers.

3. Research Methodology

The research is based on theoretical and conceptual analysis methods.

The main objectives of the study were defined as follows:

« to analyze the structure of mathematical texts in the course of mathematical
analysis;

« to identify mathematical concepts and their semantic relationships;

« to analyze various forms of representation of mathematical information;

« to develop an integrative didactic model.

4. Research Results

4.1. Structure of Mathematical Text

The analysis showed that mathematical text usually has the following structure:

terms — definitions — theorems — proofs — examples

This sequence reflects the logical development of mathematical knowledge.

4.2. Semantic Network of Concepts

Mathematical concepts form a semantic network.
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For example:

Set E

!
upper bound

!

supremum

4.3. A Three-Layer Model for Understanding Mathematical Text

Based on the analysis, the following model was developed.

1. Semiotic layer — this layer is associated with the interpretation of different forms
of representation of mathematical information. These include textual descriptions,
mathematical symbols, and graphical images.

2. Semantic layer — at this level, logical relationships between mathematical
concepts are established.

3. Thesaurus layer — at this level, the student’s system of mathematical knowledge
1s formed.

5. Discussion

The obtained results make it possible to consider the process of understanding
mathematical text as a complex cognitive process involving several interconnected
levels of information processing. The proposed model shows that understanding
mathematical text is not limited to interpreting symbols or mastering mathematical
concepts. Rather, it develops through the interaction of several cognitive mechanisms.

First, the interpretation of symbolic forms of mathematical information plays an
important role. According to R. Duval’s theory of semiotic registers, mathematical
thinking 1s impossible without transformations between various forms of
representation, such as symbolic notation, graphical representation, and verbal
description. The ability to transform information across different registers is one of the

main conditions for understanding mathematical objects [3].
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Second, identifying semantic relationships between mathematical concepts is of
great importance. Mathematical knowledge is organized not as a collection of isolated
facts, but as a system of interconnected concepts and statements. Therefore,
understanding mathematical text includes the ability to identify logical relationships
between mathematical objects. Research on cognitive processes in mathematics
emphasizes that constructing such relationships is an important element of
mathematical thinking [4, 11].

Third, understanding mathematical text is connected with the formation of a system
of mathematical concepts, or a mathematical thesaurus. Within the framework of the
thesaurus approach, knowledge is viewed as a network of interconnected concepts. The
formation of such a network ensures a holistic understanding of mathematical content.

The integration of these three aspects makes it possible to consider understanding
mathematical text as a multi-level cognitive process. Unlike existing approaches,
which usually focus either on the semiotic aspects of mathematical thinking or on the
cognitive mechanisms of concept formation, the proposed model integrates several
theoretical directions in contemporary mathematics education methodology.

The obtained results are consistent with studies devoted to students’ reading of
mathematical texts. For example, studies by M. Inglis and L. Alcock show that students
and experts use different strategies when reading mathematical proofs [5, 6, 8]. Experts
pay more attention to the structure of proofs and the relationships between
mathematical statements, whereas students often focus on individual symbolic
expressions.

Similar results were obtained in K. Weber’s studies on strategies for reading
mathematical proofs. These studies show that successful understanding of
mathematical text requires active analytical work, including the identification of

logical relationships and the interpretation of mathematical symbols [14].
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Thus, the research results confirm that the development of students’ skills in
working with mathematical texts requires specially organized learning activities aimed
at developing various aspects of understanding mathematical information.

The developed model may serve as a theoretical basis for designing a methodology
for teaching mathematical analysis aimed at forming the following skills in students:

 analyzing the structure of mathematical text;

« identifying semantic relationships between mathematical concepts;

« interpreting various forms of representation of mathematical information;

« constructing conceptual schemes of mathematical knowledge.

The development of these skills contributes to students’ ability to work
independently with mathematical texts and to acquire mathematical knowledge more
effectively.

6. Conclusion

This article presents a three-layer model for understanding mathematical text based
on the integration of thesaurus, semantic, and semiotic approaches.

The proposed model shows that understanding mathematical text is formed
through:

« interpretation of the forms of representation of mathematical information;

« identification of logical relationships between concepts;

« formation of a system of mathematical knowledge.

The scientific novelty of the study is as follows.

An integrative model for understanding mathematical text was developed based on
the combination of three cognitive components involved in understanding
mathematical information: semiotic, semantic, and thesaurus-based.

It is shown that understanding mathematical text is formed through the interaction
of three cognitive processes:

« interpretation of symbolic forms of representation of mathematical information;

« identification of meaningful relationships between mathematical concepts;
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« formation of a system of mathematical knowledge.

A structure for analyzing mathematical text is proposed that makes it possible to
identify semantic relations between mathematical concepts and use them in the process
of teaching mathematical analysis.

It is substantiated that the proposed model can be used as a methodological basis
for developing students’ skills in working with mathematical information.

The results of the study can be used in developing methodologies for teaching
mathematical analysis, creating learning tasks aimed at developing skills in working

with mathematical texts, and designing diagnostic materials.
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