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Abstract

Context and relevance. Currently, the possibilities and limitations of using
digital technologies, including artificial intelligence, in education are being ac-
tively discussed and researched. One of the important areas of research in
this field is the development of digital tools for individualization (personaliza-
tion) of the educational process in schools. Objective. The goal is to justify
and develop a digital educational system for individual work with primary
school students on their mathematical errors. Hypothesis. The use of a digi-
tal educational system in the learning process, which allows primary school
students to monitor the process of completing a mathematical task, will allow
for the prompt identification and correction of possible errors, improve the
quality of subject matter acquisition, and promote the development of inter-
est in mathematical knowledge. Methods and materials. The pedagogical
foundation of the digital educational system being developed is based on
research into the phenomenon of mathematical errors, identifying their types,
their causes, and methods for eliminating them. The psychological founda-
tion of the design is based on L.S. Vygotsky’s theory of the zone of proximal
development and J. Bruner’s concept of scaffolding. Results. The concept of
the proposed digital educational system, “Smart Notebook,” is described as
follows: it will be able to analyze students’ progress in solving math problems,
detect errors, compare them with a database of common mistakes, identify
its causes, and tailor hints and supporting tasks to each student’s needs to
eliminate these causes. The Smart Notebook will consider students’ abilities
by offering tasks within their zone of proximal development. A peer, a vir-
tual assistant, will aid the student according to a pre-planned scenario, with
various support options. Conclusions. The digital educational system can be
used in pedagogical education to prepare primary school teachers to work on
subject-specific mathematical errors.

Keywords: individualization of learning, zone of proximal development, digital
educational system, smart notebook, primary school students
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Pe3srome

KoHTEeKCT u aKTyanbHOCTb. B HacTosiliee Bpemsi akTMBHO 06CyXAatoTcs u
1ccnepyroTcs BO3MOXHOCTU UM OrpaHMYeHUst UCMoMb30BaHUa LMAdPOBbIX TeX-
HOJIOrNA, B TOM YKCIIe UCKYCCTBEHHOTO WMHTeNnekTa, B obpasosaHnn. OpgHum
M3 BaXHbIX HanpasneHWn UcCrnefoBaHin B AaHHOW o6nacTu BbiCTynaeT pas-
paboTka LmdpoBbIX CPEACTB MHAVMBMAyaNM3aumMmn (nepcoHanmnsaumm) obpaso-
BaTesibHOro npouecca B wwkone. Llenb. O6ocHoBaTth 1 paspaboTtaTb LMpoByo
ob6pasoBaTesibHyl0 CUCTEMY MHAMBMAYaNbHOW paboTbl HAfA MaTtemaTnHecKumm
ombKkamy MnagLmx LWKonbHWKoB. M'MnoTtesa. Vicnonb3oBaHne B y4e6HOM npo-
Luecce UMGPOBON 06pal30BaTEfIbHOM CUCTEMbI, Ob6ecrnevmBatoLLen MiaaLmnm
LLKOSIbHMKaM BO3MOXXHOCTb KOHTPONMPOBATb MPOLIECC BbINMOHEHNA MaTemaTu-
HYeCKOoro 3agaHus, no3sosinT onepaTtuBHO BbIABIATb N UCTMPaBIATbL BO3MOXHbIE
[ONyLLeHHbIe OLUMOKKW, MOBbLICUT Ka4ecTBO YCBOEHUS NMPegMEeTHOro Marepua-
na, 6yneT crnocob6CTBOBATL PA3BUTUIO MHTEpeca K MaTeMaTu4eckoMy 3HaHWIO.
MeTtopnbl n matepuanbl. C negarormyeckon No3vLmnmM TEOPETUHECKYIO OCHOBY
paspabaTbiBaemoin LmpoBori 06pa3oBaTesnibHOM CUCTEMbI COCTaBMSAOT UCCre-
noBaHUA cbeHomeHa MatemMaTn4eckmnx OIJJVI60K, BblAeNieHna Ux Tunoe, NpuYnH
NosBIEHNSA, METOANKM paboTbl MO MX yCTpaHeHnto. C NCUXONOrnyeckon no3numm
TEOPEeTUYECKYO OCHOBY MPOEKTUPOBaHMSA cocTaBnsaoT yyeHue J1.C. Beirotckoro
0 30He 6nvxanLero passutna U KoHuenuus . BpyHepa o ckaddonguHre.
Pesynbratbl. OnmncaHa KOHUENUMS NPOEKTMPYyeMOr LUMdpoBOi obpasosa-
TeNIbHON cuCTeMbl «YMHasi TeTpadb». ATOT UHCTPYMEHT 6yOeT CrocoGeH npo-
BECTWU aHanm3 npouecca peLleHns obyvatoLLMMCa MaTeMaTU4eckoro 3ajaHus,
06HapyXUTb AONYLLEHHbIE OLUMOKM, COOTHECTM UX C 6a30M OLUMOOK, BbISIBUTH
NpUYMHBI OLIMOOK, Nofo6paTh Ans KOHKPETHOro oby4yaroLerocs noackasku u
BCMOMOraTesibHble 3afaHuns, No3sonsoLye YCTPaHTb MPUHKHBLI AOMYLLIEHHON
OLLMGKM. YMHasi TeTpafb GyAeT y4uTbiBaTb BO3MOXHOCTU YHEHWKa, npeanaras
emy 3apaHusa B 30He Gnvxaviliero passutus. lomoratb y4eHuKy 6yaeT ceep-
CTHUK — BUPTYarbHbIA aCCUCTEHT — MO 3aniaHMpoBaHHOMY CLIEHAPUIO C Bapw-
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aHTamu nomoLum. Beisogbl. Lincposas o6pasosartesibHas cucteMa MOXeT 6bITb
MCMOMb30BaHa B neJarornyeckom o6pasoBaHUM Mpu NOATOTOBKE yyuTens Ha-
YarbHbIX K1accoB K paboTe Hag NpeaMeTHbIMU MaTeMaTUHECKUMM OLLMOKAMMU.

Knro4yeBble crioBa: nHonsmayanmsauna OGyHEHMH, 30Ha 6nuxanLlero pas-
BUTUA, Ll,VI(*)pOBaﬂ oGpasoBaTeanaﬂ cucTtemMa, ymMHaa TeTpaib, Mnagjlive

LLUKONbHUKN

®duHaHcupoBaHue. [ybnnkaums noarotosneHa no npoekTy Mporpammel paszsutus MITIMY «YMHas
TeTpafb: obyHatoLLias MHTeNeKTyanbHas cuctema ansa padoTbl Haf ombKamMy MnafLLnX LKOSbHN-
KOB» B pamkax peanuaauum Nporpammbl «propntet-2030».

Ansa uutupoanus: Vcaes, E.N., Mapronuc, A.A., CadpoHoBa, M.A., Cokonos, B.J1. (2025). lNMpo-
eKTupoBaHune LMdpoBor obpas3oBaTenbHON CUCTEMbI MHAMBUAYANbHOW paboTbl Ha[ MaTemaTuye-
CKMMM oLUIMGKaMy MNaALInX LUKONbHUKOB. [Tcuxonornydeckas Hayka v obpasoBaHue, 30(6), 5-20.
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Introduction

In the current situation of the country's de-
velopment, the role of mathematical and natu-
ral science education in ensuring technological
sovereignty is increasing. However, an analysis
of primary general education practices shows
that a significant proportion of students experi-
ence difficulties in mastering the subject area
of ‘Mathematics and Informatics’ and in devel-
oping scientific literacy (Margolis, 2021). Many
schoolchildren often lose interest in studying
mathematics and natural sciences at the very
beginning of their education (Council Meeting...,
2025), which leads to a decline in the quality
of education (Isaev, Margolis, 2023; Working
with Children..., 2024). The importance of this
problem for the state and plans to solve it were
evidenced by the Russian Federation Govern-
ment's approval of a comprehensive plan of
measures to improve the quality of mathematics
and natural science education until 2030 (Com-
prehensive Plan of Measures..., 2024).

One important way to address difficulties in
learning mathematics and low motivation among
students is to develop tools for primary school
pupils to work on their mistakes individually. For
primary school teachers, the ability to quickly di-
agnose learning difficulties in specific students,
identify their causes, and work to eliminate them

is becoming an essential component of profes-
sional competence (Isaev, Margolis, Safronova,
2023). The importance of individual work on
mathematical errors lies in the fact that such
work allows not only to correct mistakes, but al-
so to form a deeper understanding of the subject
being studied in students. Systematic analysis of
errors, classification and development of strate-
gies to eliminate them can significantly improve
the quality of mathematics education.

However, in the traditional classroom sys-
tem, where frontal teaching methods dominate,
it is extremely difficult, if not impossible, for
teachers to work with students individually. A
common method used by teachers to deal with
mathematical errors is to have students revisit
the topic without identifying the causes of their
mistakes.

Approaches to individualisation, differen-
tiation, and personalisation of the educational
process have been proposed over a long period
of psychological and pedagogical research in
Russia and abroad (Sirotyuk, 2004; Bernacki,
Greene, Lobczowski, 2021).

The range of individual characteristics that
should be considered when organising training
is quite broad (needs, interests, personal experi-
ence, learning style, etc.), as are the aspects of
the educational process that need to be worked
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out in order to take them into account (pace,
sequence of training, content of assignments,
methods of assessment, support, etc.).

One of the leading areas of individualisation
(personalisation) is the development of adaptive
learning technologies that use data on learner
characteristics, including prior knowledge, er-
rors and strategies used during task completion,
etc., to dynamically adapt learning material and
forms of interaction with learners (Aleven et al.,
2017; Martin et al., 2020).

In recent decades, the prospects for imple-
menting adaptive learning have been linked to
the use of digital learning technologies, includ-
ing artificial intelligence (Gligorea et al., 2023;
Tan et al., 2025). Significantly, adaptive tools
demonstrate particular potential in improving the
quality of learning in subjects with a formalised
structure (mathematics, basic scientific literacy).

An important and growing area of research
that requires further attention is the use of digital
adaptive learning systems to support self-regu-
lated learning (Khalil et al., 2024). Knowledge
tracing is the use of data from the analysis of
learners' learning interactions (exercise comple-
tion, task responses) to assess their knowledge
status (i.e., unexplored and learned) (Liu, 2022;
Shen et al., 2024).

One of the most promising areas of scien-
tific research and applied solutions is the analy-
sis of student errors while completing tasks,
followed by the selection of tasks (exercises,
prompts). A significant number of such solutions
of varying types and scales are already being
implemented in widespread educational practice
abroad. These solutions diagnose errors, gener-
ate prompts, and select personalized tasks and
exercises (ALEKS, ASSISTments, DreamBox).

The widely popular Khan Academy is an
educational platform that features challenges,
educational videos for different user roles — stu-
dent, teacher, parent — and step-by-step hints
that guide students to the answer after making
a mistake.

8

In Russia, such solutions have also become
widespread in the rapidly growing online learn-
ing sector. One of the most interesting examples
is Yandex Textbook, a domestic service offering
lessons for elementary and middle school stu-
dents with automatic answer checking. If you
make an incorrect answer, you can open a hint
and solve the problem again. Hints can contain
step-by-step explanations; for example, after
three incorrect answers, you can move on or
continue solving the problem with the hint. When
solving problems, a character accompanies the
text and "reacts" to the student's correct and in-
correct solutions.

The potential and limitations of educational
and technological solutions in this area are the
focus of research (Stephens-Martinez and Fox,
2018; Munshi et al., 2023; Jangra et al., 2025;
Zerkouk et al., 2025). Developing methodologi-
cal and technological solutions that would allow
for the typology of student errors and the selec-
tion of tasks and prompts to eliminate the cause
of the error remains a pressing issue.

The purpose of the study presented here
was to provide a psychological and pedagogi-
cal justification and develop a digital educa-
tional system for individualized work on math-
ematical errors in primary school children. This
system is capable of working with all students
within and outside of class by providing real-
time feedback during independent task comple-
tion. The concept is to design a digital system
that is grounded in theoretical ideas from cul-
tural-historical psychology and activity theory
and that utilizes the ability to construct a child's
zone of proximal development (ZPD) when
solving mathematical problems in a digital en-
vironment. The digital system will serve as a
space in which the ZPD is constructed through
prompts that correlate with types of assistance
(scaffolding) and guide the child step-by-step
through the task. The virtual assistant will serve
as a peer, a "smarter companion," as defined
by L.S. Vygotsky.
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The design of the digital educational system
is based on the following hypothesis: the use of
a digital educational system in the educational
process, which provides primary school stu-
dents with the opportunity to control the process
of completing mathematical assignments, will
allow for the prompt identification and correction
of possible errors, improve the quality of assimi-
lation of subject material, and will promote the
development of interest in mathematical knowl-
edge and subject-related thinking.

Materials and methods

From a pedagogical perspective, the theo-
retical basis for the digital educational sys-
tem being developed for individualized work
on mathematical errors is based on research
into the phenomenon of errors, identifying their
types, their causes, and methods for eliminating
them. Research on mathematical errors has a
long tradition in global pedagogical, psychologi-
cal, and methodological literature (Sanina, So-
kolov, 2021; Sokolov, 2023).

Of fundamental importance for the digital
system for individual work on mathematical er-
rors being developed is the inclusion of their ty-
pology developed by R. Ashlock et al. (Ashlock,
2010; Radatz, 1979; Brown et al., 2016; Watson
et al., 2018; Kakoma et al., 2021; Fiori et al.,
2025), which represents a systematic approach
to classifying errors made by students when
learning a new topic in mathematics. Under-
standing these errors helps teachers develop
more effective teaching strategies and adjust
teaching methods. Their analysis is an impor-
tant stage in the teacher's work, allowing them
to identify not only systematic errors but also
students' misconceptions about mathematical
concepts. This stage can be used to develop
diagnostic tools to help teachers identify gaps
in the knowledge of younger students. The ty-
pology mentioned above can be adapted for dif-
ferent levels of education and different areas of
mathematics.

When developing a digital educational sys-
tem for individualized work on mathematical
errors in primary general education, two types
of errors were considered: conceptual and pro-
cedural errors. The former are students' misun-
derstanding of basic concepts or the incorrect
application of concepts and rules. The latter are
errors in the use of mathematical formulas. The
primary focus of the digital system on correcting
mathematical errors is on the first type.

From a psychological perspective, the theo-
retical basis of the developed digital educational
system for individual work on mathematical er-
rors is formed by L.S. Vygotsky's teaching on
the zone of proximal development (Vygotsky,
1991; Margolis, 2020) and J. Bruner's concept
of scaffolding (Margolis, 2020).

In this article, l.A. Kotlyar and M.A. Safron-
ova present an analysis of three concepts from
cultural-historical psychology and the cultural-
historical theory of activity: zone of proximal de-
velopment, learnability, and scaffolding. These
concepts describe the reality of child develop-
ment as it interacts with adults. The relationships
between these three concepts and the scope of
their application to solving learning problems
are described. Scaffolding is an adult's actions
toward a child (Wood, 1976), constructing the
child's ZPD space. Learnability is a child's abil-
ity to learn new things by advancing within their
zone of proximal development with the help of
an adult, within the scaffolding they construct.
Learnability is an important characteristic of a
child's actual development (Kotlyar, Safronova,
2011).

The authors understand the complexity
of transferring communication and interaction
processes to a digital environment (not the full
spectrum of interaction can be replicated in a
digital system). However, since the Smart Note-
book is designed as a teaching tool, live inter-
action between the student and teacher is not
replaced by working with it. This tool is initially
designed as a way to individually assist young
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students in solving mathematical problems and
mastering essential arithmetic operations, as a
space built specifically for them and within their
zone of proximal development.

The "Smart Notebook" digital system (web
application) will address the issue of individu-
alizing the learning process for primary school
students when working on mathematical errors
in their subjects. It will enable prompt monitor-
ing of the problem-solving process and conduct
individualized developmental assessments not
only after the problem-solving process is com-
pleted but also while it is ongoing, opening up
significant potential for improving the quality of
education.

Results

The pilot version (prototype) of the "Smart
Notebook" digital system (see Fig. 1), being de-

veloped at Moscow State Pedagogical Univer-
sity, is based on the "Subtraction" topic in the
primary school curriculum. Arithmetic operations
are traditionally a core component of the "Math-
ematics" course in primary general education.
The topic of "Subtraction" is an integral part of
the mathematics curriculum (On Approval of the
Federal Law, 2021; On Approval of the Federal
Law, 2023). Upon completion of this topic, pri-
mary school graduates should be able to per-
form written subtraction with multi-digit numbers
up to a million using addition tables and a written
subtraction algorithm.

Teaching written calculations (column)
should be based on a well-established under-
standing of place values and mental calculation
techniques. The ftransition to written calcula-
tions, including written subtraction, should be
subject-based, accompanied by case studies
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Fig. 1. Screenshot of the “Smart Notebook” web app prototype
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to develop meaningful generalizations and the
construction of an algorithm for performing the
action, involving the students themselves. If the
focus of teaching written subtraction is on devel-
oping the skill of step-by-step execution of the
algorithm without establishing an adequate con-
nection between its steps and the mathematical
essence of the actions being performed, numer-
ous errors will inevitably arise. In other words, it
is necessary to ensure an understanding of the
essence of the algorithm, which provides the key
to its meaningful application.

We've broken the topic of "Subtraction” into
teaching units that correspond to traditional ap-
proaches to teaching the arithmetic component
of a primary general education mathematics
course. By a teaching unit, we mean a portion of
the educational material that represents a coher-
ent element in its semantic meaning and fulfills
a specific function in achieving the stated objec-
tives in mastering the subject.

When designing assignments for each
teaching unit, we followed general rules. Assign-
ments are presented to students sequentially,
in order of increasing difficulty. Below is a brief
description of each assignment.

Task 1 is a traditional, basic-level task that
directly applies the learned calculation tech-
nique. It requires the student to directly apply a
rule. However, Task 1 is important for diagnos-
ing any deficiencies in the student's skills. De-
pending on the error made during the task, it can
be assumed that a particular difficulty is associ-
ated with a gap in mastering one of the previous
topics. In some cases, typically when the cal-
culation technique involves multiple operations,
Task 1 is divided into two stages. First, Task 1.1
is presented, in which the student must perform
the operation in its expanded form, demonstrat-
ing the ability to correctly perform each indi-
vidual operation. Then, Task 1.2 is presented,
in which the student must perform the operation
in its collapsed form. We consider both stages to
be a single, basic-level Task 1.

Task 2 requires the student to apply the
learned rule in a slightly modified situation. The
task may require the student to perform a reverse
action instead of a forward one. For example,
the basic-level task "Calculate 40 — 7" could be
transformed into "Insert the missing number so
that the equation becomes true: 40 — [0 = 33
or 0 — 7 = 33." Task 2 may ask the student
to find a simple pattern in a series of problems
to solve. We assume that the student who com-
pleted Task 1 was able to sufficiently address
their existing skill gaps. Therefore, Task 2 is less
significant in terms of identifying the student's
skill deficits. Errors in this task are likely related
to an insufficiently developed skill in using the
learned calculation method. If errors in the task
are not corrected, a hint is offered first, followed
in some cases by the correct answer or solution,
and in others by a transition to help.

Task 3 requires the student to demonstrate
generalization of the calculation technique being
mastered. This could be a task involving "fai-
rytale" numbers, a task requiring reconstruction
of the learned method of operation, or the rec-
ognition of a more complex pattern in a series
of solved examples. If the student cannot solve
Task 3 or solves it incorrectly, they are not dem-
onstrating generalization. In this case, they are
first offered a hint, and then the correct answer
to the task or its solution.

When completing tasks, children will inevita-
bly make mistakes. For each task, we describe
the most likely types of errors. Depending on the
error the child made, we analyze the solution
process — establishing a connection between
the error and the skill gap that led to it, thus iden-
tifying the causes of the error.

The scaffolding process for student interac-
tion with the digital system occurs as follows.
If a child makes a predictable error, they are
directed to practice it in one of the previous top-
ics. If this is the first task in which we test basic
computational skills, we direct the student to
the topic in which we find a gap. If it is a more

11
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complex task, we first provide a hint, and if the
hint fails, we provide the correct solution. This
type of support for students interacting with the
Smart Notebook distinguishes it from existing
digital educational systems.

We examined the main student errors in the
"Mathematics" course for primary general edu-
cation, using the topic "Subtraction" as an ex-
ample in our article (Sokolov, 2023). The "Smart
Notebook" contains a system of hints and as-
sistance for students depending on the difficulty
level of the task.

The first type of assistance for completing
a Basic Level 1 task is that after entering the
answers to the task, which typically contains
several individual examples, the student re-
ceives feedback indicating which examples
were answered correctly and which were
incorrect. If there are any errors, they are
prompted to correct them. If there was only
one error and it is corrected, we assume the
error is random, and the student can move on
to the next tasks.

If there were more errors and they were cor-
rected, then the assistance consists of asking
the student to repeat a similar task in order to
develop a more stable skill in using the calcula-
tion technique being mastered.

If a student is unable to independently cor-
rect errors in a task, they are asked to perform
the error using a dynamic numerical model. A
dynamic numerical model is a software fea-
ture that presents the student with a visual
object model of a given number, in the form
of a visual representation of the number of
place values. The model allows the student
to interact with the visual object model, i.e.,
perform an arithmetic operation based on its
object-based basis. If this type of prompting
fails to correct the error, assistance is pro-
vided in the form of a detailed description of
the rule underlying the arithmetic operation.
The rule is accompanied by an example and,
in most cases, a test task, the completion of
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which will confirm the student's understanding
of the calculation procedure. After this type of
assistance, the student is again asked to cor-
rect the errors in the task and then repeat the
same task.

In cases where a student makes an error that
is in the register of possible errors, he is directed
to the topic corresponding to the error he made.

The first type of assistance for more complex
tasks 2 and 3 is similar to that for task 1: the
student is given information about correct and
incorrect answers and asked to correct them.
Since more complex tasks are offered to stu-
dents after successfully completing the basic
task, we believe it is inappropriate to use assis-
tance in the form of presenting a rule. In some
cases, additional skill gaps may be discovered
during task 2 that were not identified in task 1. In
such cases, the student is directed to the topic
corresponding to the gap. In other cases, the
student is first offered a hint and then the correct
answer to the task or its solution.

The Smart Notebook task support system
we've described allows students to complete
tasks within their ability, while also highlighting
any errors they've made, ensuring they're cor-
rected, or, in some cases, demonstrating the
correct solution. In other words, the digital sys-
tem ensures students learn within their zone of
proximal development.

Let's consider the capabilities of the "Smart
Notebook" digital system to analyze the problem-
solving process, identify the causes of errors,
and select hints and additional tasks to fill skill
gaps. We will use the example of a student com-
pleting the second-grade mathematics course
unit "Calculation Techniques for Cases of the
Type 60-24." To successfully complete the as-
signments on this topic, the student must first
possess the skills developed during the study
of several previous topics: Topic 1 "Counting by
Tens. Subtraction of the Type 50-20"; Topic 2
"Subtraction of the Type 35-30, 35-5" (based
on representing a number as a sum of place val-
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ue addends); Topic 5 "Calculation Techniques
for Cases of the Type 30-7".

Task 1.1.

Write the calculations using the example:

90— 43 =(90-40)-3=50-3=47:

70-28=(70-0O0)-0O=0-0O=0

60-36=060-0)-O=0-0O=0

Solution:

70-28=(70-20)-8=50-8=42

60—-36=(60-30)-6=30-6=24

As we can see, the correct execution of the
calculation technique consists of several opera-
tions: 1) represent the number 28 as the sum of
the place value addends 20 + 8 (a skill devel-
oped in Topic 2); 2) perform the subtraction 70 —
20 (Topic 1); 3) perform the subtraction 50 — 8
(Topic 5). In completing task 1.1, the student
must perform the operation in expanded form
and demonstrate the ability to correctly perform
each of the operations.

Let's consider possible errors in completing
task 1.1. In compiling the error list, we relied
on R. Ashlock's typology of mathematical er-
rors and on the results of testing the tasks on
elementary school students.

1) Conceptual error — the inability to factor a
two-digit number into the sum of its place-value
addends.

For example, 70 — 28 = (70 — 2) — 8.

Any numbers other than the correct ones
(20 and 8) will indicate this error in the solu-
tion record. If the error is not corrected after the
digital system reports an incorrect operation, the
student will be referred to Topic 2 to correct the
identified gap.

2) Conceptual error in subtraction of the form
50 - 20.

Hanpumep, 70 — 28 = (70 — 20) — 8 = 68 — 8.

For example, 70 —28 = (70 —20) - 8 =68 — 8.

A marker for this error will be any number
in the solution except the correct one: 50. All
numbers written to the left of this number are
correct. If the error is not corrected after the

digital system reports an incorrect operation, the
student will be referred to Topic 1 to address the
identified gap.

3) Conceptual error. Errors in subtraction of
the type 50 — 8.

For example, 70 — 28 = (70 — 20) — 8 = 50 —
8 = 30.

The error marker will be any number in the
solution except the correct one: 42. All numbers
written to the left of this number are correct. If
the error is not corrected after the digital system
reports an incorrect operation, the student will
be referred to Topic 5.

After working through all the identified gaps,
the student still cannot correct their errors, they
will be prompted to perform an action using a
dynamic number model. An image of the num-
ber 70 will appear, represented by 7 tens, from
which the student must interactively subtract 2
tens and 8 ones.

Finally, the last type of help will be a detailed
description of the rule for subtracting one round
two-digit number from another two-digit number,
also containing an example and a test task.

After all the work has been completed, the
student will be asked to repeat task 1.1.

Write the calculations using the example.

90-43=(90-40)-3=50-3=47

80-42=80-0)-O=0-0=0
50-27=(50-0)-O=0-0O=0

Task 1.2.

Calculate:

80-47=0

70-32=0

60-56=01

100 -24 =[]

In Task 1.2, the student must perform an op-
eration in a reduced form.

Let's look at possible errors in completing
Task 1.2.

1) Errors in knowledge of the addition table:

For example, 80 — 47 = 34 or 80 — 47 = 23.

We assume that the most common manifes-
tation of a computational error is a discrepancy
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between the entered answer and the correct
one by one. In this example, this would be 10 —
7 =4 or 8 -4 =3. In such cases, we assume a
computational error and send the student to the
number composition simulator, where they will
be presented with several tasks of the following
type: 10 =8 + O, 10 = O + 3 (the composition
of the number 10), or 8 =4 + [1, 8 = [ + 2 (the
composition of the number 8).

2) Procedural error: 80 — 47 = 47.

The child calculates: 80 — 47 = 80 — 40 +
7 =47.

The student makes an error in subtracting two-
digit numbers from one round number: instead of
subtracting 7, they add it. This error is related to
the current teaching unit; the student will be asked
to correct it using the dynamic number model.

If Task 1.2 contained errors, the student will
be asked to repeat Task 1.2 after correcting them.

Calculate:

70-36=01
60-43=01
80-74=0
100-52=01
Task 2.

Guess the rule used to create Table 1.
Using this rule, fill in the blanks with num-
bers.

Table 1
Assignment for the student
Minuend 90 | 80 | 70 50
Subtrahend | 68 | 57 | 46 | 35
Difference 25 | 26

Answer (table 2):

Table 2
Answer

Minuend 90 | 80 | 70 | 60 | 50 | 40 | 30
Subtrahend | 68 | 57 | 46 | 35 | 24 | 13 | 2
Difference | 22 | 23 | 24 | 25 | 26 | 27 | 28
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This task requires the student to perform not
only the direct operation but also the inverse: find
the minuend, find the subtrahend, and establish
a simple pattern in a series of given examples. In
this case, each successive minuend decreases
by 10, and the subtrahend by 11, resulting in an
increase in the difference by one.

Possible errors in completing task 2.

1) Errors in knowledge of the addition table:

For example, 90 — 68 = 23 (the child cal-
culates: 10 — 8 = 3) or 90 — 68 = 12 (the child
calculates: 90 — 60 = 20).

The student will be sent to a simulator to
practice the composition of the number 10 or 9.

2) All other possible errors are addressed in
tasks 1.1 and 1.2. If uncorrected errors are still
present in the first five columns, the student will be
asked to work with a dynamic number model and
presented with the rule for subtracting one round
two-digit number from another two-digit number.

3) If there are uncorrected errors in the last
two columns, the student is first shown a hint,
then the correct solution.

Hint: "Notice how the minuend changes, and
how the subtrahend changes."

Task 3.
Figure 3 shows a fragment of consecutive
fairy-tale numbers:

Byowyo

Fig. 2. Fairy-tale numbers

Calculate:
y0-26=010
00—y3=0
¢0-—wd4=0
Solution:

y0 — 26 = B4
w0-y3=7
00— w4 =16
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"Fairytale" numbers are a technique often
found in mathematics textbooks based on the
D.B. Elkonin-V.V. Davydov system (Aleksan-
drova, 2023; Davydov, 1996). They allow one
to assess whether a student has mastered a
particular method of operation at the level of
substantive generalization. Problems of this type
are undoubtedly of a higher level of difficulty.
Solving problems with "fairytale" numbers allows
students to advance their educational trajectory,
as they offer the opportunity to discover patterns
hidden when performing arithmetic operations
with ordinary numbers. In this topic, such a gen-
eralization is the fact that the number of tens of
the difference will always be n + 1 less than the
number of tens of the minuend, where n is the
number of tens of the subtrahend. If a student
gives an incorrect answer, they are offered a hint
and then the correct solution.

Clue:

«y0—-26=y0-20-6=y0—-6=--

The digit v is 2 times greater than the digit v,
S0 y tens minus 2 tens is y tens.

Continue solving the problem yourself."

Discussion of results

We have described the concept of the
planned digital educational system "Smart
Notebook." It can be concluded that it will be
able to analyze the student's process of solving
a math problem, detect errors, compare them
with a database of errors, identify the causes
of the errors, and tailor hints and auxiliary tasks
to the specific student to eliminate the causes
of the error.

The smart notebook will take the student's
abilities into account, offering them tasks within
their zone of proximal development. A peer — a
virtual assistant — will assist the student ac-
cording to a pre-planned scenario with support
options. If the child consistently experiences
difficulty completing complex tasks, such tasks
will either not be offered in the future or will be
offered based on the student's own choice.

Conclusion

1. The "Smart Notebook" digital educational
system, developed as a web application, is an
adaptive learning solution aimed at individual-
izing mathematics instruction for primary school
students. The system's theoretical foundations
are based on R. Ashlock's typology of math-
ematical errors, L.S. Vygotsky's concept of the
zone of proximal development, and J. Bruner's
scaffolding concept.

2. The system analyzes the problem-solving
process, identifies errors, and provides assis-
tance to students through an interactive virtual
assistant. The virtual assistant offers hints to
students as they solve problems. For teachers,
the system provides detailed statistics for each
student, including error types and progress, al-
lowing for individualized learning paths and dif-
ferentiated approaches during group work.

3. The Smart Notebook can be used in the
educational process as a teacher's assistant,
including during independent math assignments
for primary school students. It will facilitate a dif-
ferentiated approach to teaching, allowing the
teacher to quickly adapt the learning process to
the individual needs of primary school students
in solving math problems, both during class, in-
cluding dividing students into groups based on
their levels, and during independent work.

4. Such a digital educational system can be
used in pedagogical education when preparing
primary school teachers to work on subject-
specific mathematical errors.

Limitations. The limitations of the method-
ological, teaching, and technological aspects
of the digital system — the "Smart Notebook"
web application — will be determined based on
the results of the ongoing pilot study in primary
schools. Specifically, opportunities will be identi-
fied for identifying the most relevant topics for
expanding the task banks, optimizing the sys-
tem's functionality, and the types of assistance
provided by the virtual assistant.
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