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ABSTRACT

This study focuses at the efficiency of employing visualization tools to solve
mathematical word problems for sixth graders. The study topic is focused on students'
difficulty converting content of word problem into mathematical expressions
(modeling) and their tendency to depend solely on "keywords" in the content. To
overcome this issue, an one-group pretest and posttest quantitative research
methodology was implemented. The study included 30 sixth-grade students recruited
by convenience sampling. A pretest to identify the beginning level was used to gather
data, followed by a one-month pedagogical intervention to teach visualization tools
such as modeling and schematic diagrams, and finally a posttest. To assess the research
findings, all 300 replies (10 questions-30 students) were examined using a specialized
structural modeling descriptor ranging from 0 to 3. The t-test for dependent samples
revealed a substantial increase in scores between the pretest (M=14.37) and posttest
(M=15.87) (p < 0,001). The calculated Cohen’s d effect size of 0.311 further confirms
a small-to-medium practical impact of the visualization intervention on the students'
modeling and word problem-solving abilities. Quantitative study revealed that most of
students effectively advanced from a low level of competence to graph word problems
(0-1 points) to a level of proper structural modeling (2 points). Finally, this study
statistically verified that systematic training of visualization tools minimizes cognitive
burden while considerably improving 6th grade students' ability to properly model and
solve mathematical word problems.

Keywords: visualization tools, mathematical word problems, sixth-grade

students, schematic diagrams, mathematics education, quantitative research.



AHJIATIIA

byn 3epTTey KYMBICHI 6-CHIHBIN OKYILIbUIAPhIHA MAaTEMATHKAIBIK MOTIHAIK
€CenTep/ll IIbIFapyJla BHU3yalIM3allds KYpalJgapblH KOJIAHYABIH  THIMIUIIIH
KapacThIpagabl.  3epTTey  Mocelieci  OKYIIbUIApABIH  JKaz0almia — aKmapaTThl
MaTEMaTUKAJIBIK OPHEKTEpre alHaIablpy (MOJENbACY) Ke31HAEr! KUBbIHIBIKTaphIHA
JKOHE MOTIH ImTiHAETI TeK "KINT ce3mepre” FaHa CYWEHy oJ€TiHE Heri3aenreH. by
MOCEJICH] TIeITy YIIiH Oip TONTHIK MPETECT MEeH MOCTTECT CAHIBIK 3ePTTEY MU3ANHBI
KOJIAHBUI/IBI. 3epTTEyre bIHFANUIIBI IpIKTEY oAICiMeH TaHainFaH 30 anThIHIIBI CHIHBII
OKYIIIBICKI KATHICTBI. JlepekTep OacTamkbl JIEHTEiHIl aHBIKTayFa apHAJIFaH IPETECT,
OaraHIBIK MOJENBJIEY MEH CXEMaJblK JuarpaMMaiiap CHSKTbl BHU3yalIH3alus
CTpaTeTusiIapbiH yiipeTyre OarbITTaiaraH Olp ailyIbIK MeIarorUKaJIbIK TKIPUOE KOHE
KOPBITBIHABl TIOCTTECT apKBUIBI JKHHAIILI. 3€pTTEy ACPeKTepiH Oarajay YIIiH
oKymbutapAeiH O0apieik 300 xayaObr 0-geH 3-ke ACHiHTT apHailbl KYPBUIBIMJIBIK
MOJIEIBICY ACCKPUITOPHI apKbUIBI TANIaHabI. Toyemnmi TanaaManapra apHainrad t-test
HoTwkenepl nperect (M=14.37) xone moctrect (M=15.87) ymaitnapel apaceiHAa
CTaTUCTHKAJIBIK aMTapJibIKTall MaHbI3IbI ©ciM 0ap ekeHin manenxeni (p < 0,001).
Kosuuin d sddext emmemi (0.311) Busyanuzauus KypaaaapblHbIH OKYIIbLIAPAbIH
MOJICNIbJICY JKOHE €CeN IIbIFapy JaFabUlapblHA IIAFbIH KOHE oOpTalia JAeHren
apaJbIFBIHAAFBl HAKTHI TOXKIPUOENIK ocep €TKeHIH pacTtanpl. CaHIbIK Tayijgay
OKYIIBUTAP/BIH OAChIM O6JIIT1HIH MATIHIK €CENTEP/IIH ChI30aChIH KYpy Kab1JieTi TOMEH
nenrevinen (0-1 ymaif) nypbic KYpBUIBIMABIK MOJCIBACY JACHreuiHe (2 ymail) coTTi
aybICKaHbIH ~KepceTTi. KopbITbIHABUIAH Keje, Oy 3epTTey  BU3yalIu3anus
CTpaTETUsJIApbIH JKYHEN TYpA€ OKBITY O-ChIHBII OKYIIBLIAPBHIHBIH TaHBIMJIBIK
KYKTEMECIH a3aWTaThIHBIH KOHE MAaTEMAaTHUKAJIBIK MOTIHIIK €eCeNTep/al CcayarTThl
MOJIEIIBJICY 9pi MICITY AaFIbUTAPbIH aUTapIIBIKTal jKaKCapTATBIHBIH CAHJIBIK TYPFBIIaH
pacTapl.

Tytiinoi ce3oep. suzyanuzayus aoicmepi, MamemMamuKkaiblk MOmiHOIK ecenmep,
6-coinbin  oKywibLIAPLL, CXeManvlK OUAPAMMANAp, MAMEMamuKaivlK Oinim oepy,

CaHabZK 3epmmey ..



AHHOTALIMSA

JlaHHOE€ UWcCcleoBaHME W3Y4YaeT, HAcKOJbKO 3(G(EKTUBHBIM  SIBISETCS
UCIIOJIb30BAaHUE HWHCTPYMEHTOB BHU3yaJu3allUd TMpPHU PELHICHUHM MaTeMaTHYeCKHX
TEKCTOBBIX 3aJa4 YYalIUMHUCS IIeCTOro kiacca. [IpuBbIuKa mosiaraThCsi TOJIBKO HA
«KJIIOYEBBIE CJIOBa» W TPYAHOCTH NPEeoOpa3zoBaHUs MUCBMEHHOM HHGPOpMAIUK B
MaTeMaTHYECKUE MOJIETH COCTAaBJISIIOT OCHOBY IMpoOiemsl. [ pemieHus: mpoOaembl
OBbLT UCTIOIB30BaH KOJIMYECTBEHHBIN TU3aliH B OJTHOM TPYIIINE C TPUALIATHIO YYeHUKAMHU
HIECTOr0 KJlacca, KOTOpble ObLIM OTOOpaHbl C MOMOINBIO YIAOOHON BBIOOPKH.
[IpenBaputensHoe TecTHpOBaHHE, OOy4YeHHE METOJaM BH3YyajH3allid B TEUYCHHE
Mecsilia ¥ UTOTOBOE TECTUPOBAHUE COCTABUJIM TPHU 3Tana coopa JaHHbIX. [l OLEHKU
300 0TBETOB yUEHUKOB HCIIOJIb30BAJICS JECKPUITOP CTPYKTYPHOTO MOJEIUPOBAHUS OT
0 mo 3. Pe3ymprarsl t-TE€CTa MOKA3a7IM CTATUCTUYECKH 3HAYMMOE YBEIMYEHUE MEKIY
npenapurenbHbiM (M=14,37) u utoroseiMm (M=15,87) TectupoBanueM. Y MepeHHOE
NPAaKTHUECKOe BIMSHHE METOJOB BH3yallM3alldd Ha peEIIeHHe 3a7ad  ObUIo
noarsepxkaeHo pasmepoM 3ddexkra d Kosna (0.311). KonuuecTBeHHBIH aHAIW3
10Ka3aj, 4To OOJBIIMHCTBO yUYalIMXCsl YCHEIIHO MEPEeNuIn oT mioxoro rpaguka (0-1
O0aju1) K XOopouieMy CTPYKTYpHOMY MojenupoBaHuto (2 Oamna). B 3akmrouenue,
UCCIIEJOBAaHUE KOJUYECTBEHHO MOATBEPANIO, YTO CHCTEMaTH4YecKoe OOydeHue
CTpaTerusM BU3yaIM3allMd CHIDKAET KOTHUTHBHYIO HArpy3kKy W 3HAYUTEIHHO
YIIYYIIAeT CIIOCOOHOCTD yUaluXxcs 6-Tro Kiiacca peniaTh TeKCTOBBIE 3a/1a4H.

Knrouesvie cnosa: Memoowvl euzyanuzayuu, mamemamuyecKue meKCcmogule
3a0auu,  WeCMUKIACCHUKU,  OJIOK-CXeMbl,  Mamemamuieckoe  obpazoeawue,

KOJIUYeCmeBeHHble UCCIe008AHUS.



1. INTRODUCTION

As a link between abstract mathematical ideas and practical applications, word
problems are an important part of the mathematics curriculum. This level is especially
important for 6th graders, as this class deals with complex relationships such as ratios,
fractions, and proportions. Successful mastery of these topics requires not only
computational skills, but also the cognitive ability to represent data quantitatively. The
practice of depicting the structure of a problem through diagrams, charts, or graphs is
called visualization and has been recognized as an effective method for helping to
move to concrete solutions. This pedagogical direction was emphasized by the
President of the Republic of Kazakhstan Kassym-Jomart Tokayev, who repeatedly
stated that the quality of human capital is the main advantage of a modern state. In his
addresses on the modernization of the education system, President Tokayev paid
special attention to the need to strengthen the teaching of natural sciences and
mathematics. This pedagogical direction was emphasized by the President of the
Republic of Kazakhstan Kassym-Jomart Tokayev, who repeatedly stated that the
quality of human capital is the main advantage of a modern state. In his addresses on
the modernization of the education system, President Tokayev paid special attention to
the need to strengthen the teaching of natural sciences and mathematics. He explicitly
remarked: "We must prioritize the teaching of mathematics and technical subjects...
The younger generation must be competitive, pragmatic, and open to new knowledge".
Furthermore, the President has criticized the tendency towards formal education where
students acquire grades without understanding. "Quality education is the core of a
civilized society and the driving force of the state",- The President Tokayev stated.
This national direction emphasizes the urgent need to shift away from dry
memorization and mechanical calculation methods, which frequently impede the
teaching of sixth grade mathematics, and toward new alternatives such as visualization.
By helping students truly "see™ and understand mathematical concepts, visualization
methods directly contribute to the President's vision of cultivating a functionally

literate and intellectually advanced generation.
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Research Problem. There is a noticeable difference in students' problem-
solving and calculation capabilities in real-world educational settings. Students in 6th
grade sometimes struggle to solve word problems using the same numbers, despite
their great accuracy in mathematical operations. The fundamental real-world issue is
"keyword reliance." Students frequently scan the text for certain keywords (such as
"total" and instantly adding) without comprehending the context, rather than examining
the semantic structure of an issue. In non-standard or multi-step issues, this shallow
approach results in chronic inaccuracies. Students do poorly academically and lack
motivation because they lack a methodical way to convert the "story" of the problem
into a mathematical equation.

Research Questions. This study was based on the following quantitative
research questions:

e What is the effect of the visualization methods on the accuracy of the sixth-
grade students in answering mathematical word problems statistically and
practically?

e Does using visualization methods result in substantial gains in students'
ability to model word problems relative to their baseline performance?

Research Aim: The aim of this study is to use quantitative analysis to thoroughly
assess how well the visualization approach works as a pedagogical intervention for
sixth-grade students' mathematical word problem solving abilities.

Research Objectives: To achieve this aim, the following tasks were assigned:

e To examine the evidence on the cognitive benefits of visualization in
mathematics instruction and devise effective techniques.

e To create a pretest and posttest instrument for assessing students' accuracy in
addressing non-standard word problems.

e To carry out a planned intervention employing visualization tactics with a

convenience sample of students.



e To examine quantitative data from pretest and posttest scores to see if there
was a statistically significant improvement in students' problem-solving
ability.

Hypothesis: If visualization tools are implemented to teach word problem

solving, then 6™ grade students will show improved accuracy and modeling skills,

resulting in significantly higher posttest scores compared to their pretests.



2. LITERATURE REVIEW

2.1 The role and place of word problems in teaching mathematics

Enhancing mathematical literacy in the current educational system is crucial
while answering word problems helps students strengthen their logical thinking,
language understanding, and capacity to simulate real-world scenarios in addition to
expanding their mathematical knowledge and abilities. In this situation, improving
students' word problem-solving skills is crucial. Word problems are regarded as a
crucial, multipurpose teaching tool. Students' functional abilities are also developed by
their capacity to convert text into mathematical models and apply theoretical
knowledge to real-world scenarios (Batyrbayeva et al., 2024). Verschaffel et al. (2020)
stated that word problems have a long history, extending back to Egyptian papyri,
Chinese, and Indian texts from roughly 4000 years ago. It is still used in elementary
and lower secondary school mathematics today (Swetz, 2009; Verschaffel et al., 2020).
In addition to mathematical expertise, word problems call on logical reasoning,
analysis, linguistic comprehension, and the capacity to simulate real-world scenarios
(Kaskataeva & Khasanova, 2024). Moreover, recent studies bring to focus the
“motivational and values-oriented” role of word problems. Word problems which have
their roots in real situations, such as those portrayed in regional environmental statistics
or local economy-related situations, make students realize the relevance of
mathematical learning (Nurtayeva et al., 2023). One or more questions are requested
to be answered in word problems, which are characterized as verbal explanations of
problematic circumstances. Mathematical processes utilizing numerical data and
quantities are used to determine the responses to them (Verschaffel et al., 2000, as cited
in Verschaffel et al., 2020). However, extensive research documents significant
challenges. Verschaffel et al. (2020) conducted a comprehensive survey of 50 years of
research, identifying word problems as “among the most difficult kinds of problems
that mathematics learners encounter.” Students struggle with both comprehension and

solution strategies. Word problems are among the most challenging topics in school



mathematics. According to Verschaffel et al. (2020), words problems are often defined
as verbal descriptions of problem situations with one or more questions to respond.
They provide a link between occurrences and numbers. Word problems can be defined
as tasks originating from real-world situations (Verschaffel et al., 2010, as cited in
Fatmanissa & Kusnandi, 2017). A.P. Tonkikh's description of a word problem was
employed by Asanbayeva and Tagybergen (2025). This is a word problem is one which
utilizes mathematical language to explain a particular scenario or process, shows how
quantities relate to one another, and specifies the procedures needed to solve the
problem. Isakova (2024) defines word problem activities as the main way to improve
students' mathematical literacy and points out that by using new mathematical ideas
and techniques, they aid in knowledge consolidation. The relationship between
mathematics and natural language is a unique aspect of word problems. In other words,
the student recognizes known and unknown amounts by comprehending the content.
By doing this, students compare, organize, and think about the problems rather than
just solving them. This enhances the student's cognitive abilities (Asanbaeva and
Tagybergen, 2025). Sarkulova and Omarbaeva (2025) have emphasized the unique role
that word problems play in this respect, even as they stress the need of professional
preparation for aspiring educators. As Verschaffel et al. (2000) defined a successfully
solved word problem as including a mathematical model and equation, a solution, and
a presentation of the result. Also, Vessonen et al. (2026) discovered that primary school
students have challenges in answering word problems and proposed that the presence
of visual aids would facilitate their resolution. As Gusev and Bataeva (2020) point out,
word problems are the most traditional issue in mathematics. Dyachkovskaya and
Spiridonova (2023) agreed with this idea that word problems play an essential part in
the current educational process. They also stated that their solution should receive
special attention in both primary and secondary schools. Gusev and Bataeva (2020)
stated that solving them is the most crucial talent student may develop for the future.
They claim that by tackling real-world challenges, students will be able to solve

difficulties more effectively in the future. Also, students' logical thinking, analytical



abilities, capacity to abstract from real-world challenges and practical application of
mathematical knowledge are all enhanced by word problems. Word problems are said
to have a unique place in mathematics education since they foster students' analytical
thinking and problem-solving capabilities (Andrianova, 2024). In her article,
Tuxtayeva (2025) asserts that word problems are crucial and that students must apply
logical reasoning, analytical thinking, and prior knowledge to solve the word problems.
In addition to these abilities, it has been observed that solving word problems calls on
the ability to read, comprehend, build a mathematical model, and then assess it (Reys
et al., 2008; Ryan & Williams, 2007; Verschaffel et al., 2010, as cited in Fatmanissa &
Kusnandi, 2017). In other words, these abilities are seen as crucial components of the
prerequisites for problem-solving. Additionally, they lengthen students' attention spans
(Spiridonova & Dyachkovskaya, 2023). According to Rudenko's (2020) study,
students begin learning to tackle word problems in the elementary grades. According
to him, in grades 5 and 6, an algebraic method of solving word problems is formed. In
this aspect, the teacher makes a vital role. The teacher should present students in these
grades algebraic solutions to a variety of problems. Students will then be able to solve
them with ease. Solving a text problem is difficult for students, hence Ayvazyan (2017)
recommends teaching students a variety of strategies. That is, the act of addressing a
word problem has its own definition. It entails looking for principles to identify the
solution to the problem. One of the most challenging assignments for students is to
solve mathematical word problems, according to Dyachkovskaya and Spiridonova
(2023). Students are "scared" when they view a lengthy sentence, they claim. As a
result, improving students semantic reading abilities is seen as crucial. Furthermore,
students struggle to comprehend word problems when they come across novel symbols
and terms. Students may become less motivated because of being given "unclear"
problems. (Kaskatayeva&Khasanova, 2024). According to Sarkulova and
Omarbaeva's (2025) research, students frequently make mistakes when answering
word problems, namely misinterpreting the circumstances and failing to properly

create a mathematical model. In her review of the well-known book "Making sense of



word problems", Novotta (2000) makes the case that word problems' typical shape,
components, functions, and solution method all contribute to its theoretical framework.
She also shows that word problems in math classes are not appropriate for practical
applications. According to Kusuma and Retnawati (2019), mathematics is a topic that
is taught from concrete to abstract, and since it plays a significant part in daily life, it
is crucial to understand every facet of the subject to the point that it can be used in daily
life. Drawing on D. Poya's work, Kaskatayeva and Khasanova (2024) identify word
problems that, according to scholars, commonly occur in daily life and connect
numbers to the operations carried out on them. They also point out that the most
significant and useful mathematical tool is word problems. Translating the supplied
conditions and problem formulation into mathematical language is the primary
challenge in addressing a word problem (Zhuravleva and Smirnova, 2019). The studies
stated above claim that word problems aid in the growth of analytical and logical
abilities. Word problems can therefore be categorized as developmental activities. In
this sense, Asanbaeva and Tagybergen (2025) noticed in their research the skills that
may be enhanced by Yu. M. Kolyagin's developmental efforts. Among them are:
e Students learn to compare, abstract, improve, and recognize when to use these
skills;
e They will be able to form conclusions using both inductive and deductive
reasoning;
e They will learn how to develop predictions, arguments, and hypotheses;
e They will be able to develop mathematical models and analyze existing
models, such as graphs, tables, and diagrams;
e They will learn to classify and categorize utilizing their previous knowledge;
e They will get the capacity to build methods for accomplishing goals;
e Students will grasp their relationship to the environment, its usage and
application in real life, and its relevance;
e Critical thinking, written precision, speaking eloguence, attention, and logical

consistency will be improved (Asanbaeva and Tagybergen, 2025).
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In their research, Asanbayeva and Tagybergen (2025) drew on the opinions of
several Russian and Kazakh academics who have studied word problems. A.E.
Abylkasymova, one of them, observed that there are four primary purposes for
mathematical problems. Specifically:

educational

upbringing

development

control

The goal of education is to shape students' knowledge, skills, and capacities. It
was observed that this function varies according to the degree of educational material:
it manifests as extended and in-depth content, as well as the fundamental knowledge

outlined in the curriculum.

2.1.1 Types of word problems

There are no distinct types of word problems. Its kinds differ by school and age
(Daroczy et al., 2015). Poprygina (2021) demonstrated that there are two categories of
word problems. These are integrated word problems and word problems with
multidisciplinary connections. The material that depicts the connections between items
is where they diverge. Additionally, Sarkulova and Omarbaeva (2025) discuss and
analyze the significance of employing this integrated teaching method. Authors like
Shaunova and Kerimbayeva stated in their research that they have examined this
method. Sarkulova and Omarbayeva (2025) claim that integrated education teaches
students how to use theoretical knowledge in real-world situations and how disciplines
are related to one another. Based on their experiments with solving word problems,
Kaskatayeva and Khasanova (2024) concluded that the kinds of word problems should
follow the concept of accessibility and be suitable for the students' age. Lozhkina
(2009) clearly defines and provides three types of constructing word problems. His
study indicates that a query or a condition should be developed for the first type of
constructing word problems. A mathematical model should be used to organize the
second types of problems. In other words, the learner should be given problems to

8



complete that have distinct questions but the same answer. This implies that students
can repeatedly learn from problem-solving. A graphic or image should be used to
formulate the third type of problem. (Lozhkina 2009). Word problems can be
categorized according to their level of complexity. Semantic connections and difficulty
level are the two categories used in a research by Pavlin-Bernardi¢ (2008) for
elementary school students. Three different kinds of semantic connections are found in
the study. These are comparison, change, and combination. In other words, problems
related to the first type should be those for which combining is the only way to get the
solution. For instance, there ought to be issues like Alua has three apples, Kanat has
two, and how many apples are there overall. Additionally, a second type of problems
may be found in the changing format. In other words, there is a quantity that varies
throughout time. Additionally, a third-type problem is one that compares one to another
or the third with all (Bernardi¢ and Pavlin, 2008). Additionally, four semantic types for
arithmetic word problems were found by Surav Mandal et al. (2021). According to
Pavlin-Bernardi¢ (2008), they consist of combine, comparison, and change.
Additionally, Surav Mandal (2021) found fourth type of semantic type is division-
multiplication. There are subcategories inside each of them. According to Surav
Mandal's research, these categories contributed to an automated word problem solution
accuracy of 94.22%. But all these categories are for elementary school students.
Classifying word problems is more challenging for sixth graders. There are, however,
three primary categories of word problems for sixth graders, according to a study of
the literature. Specifically, one-step, hidden information, and extra information
problems. In their work, Schwanebeck et al. (2008) provide a precise description of
these categories. Additionally, Kusuma et al. (2019) separated word problems
containing integers, fractions, and decimals according to the topic. Also, Chilingaryan
(2017) examines at a collection of word problems by the context and concludes that,
according on their structure, they may be roughly categorized into six groups. These
are:

e problems about percentages;



e problems with quantitative connections;

e sequence-related difficulties;

e motion-related problems;

e work-related problems;

e problems with alloys and solutions.

Meanwhile, Khayitova (2021) breaks a word problem into three major
components. They are:

¢ the problem statement, which is the connection between known and unknown

numerical values that characterize the scenario under discussion;

e the problem requirement, which may be discovered in the numerical

connections inside the problem conditions;

¢ the problem formulation, which is a series of numerically connected activities

necessary to solve the problem statement.

It is crucial to classify the tasks' intrinsic complexity in order to methodically
examine the cognitive demands made on students while they solve mathematical
problems. Students must negotiate a multi-step cognitive process when working with
word problems, which include deciphering linguistic information, recognising
quantitative links, and converting these textual parts into precise mathematical models.
The famous methodologist V.A. Dalinger created a fundamental theoretical framework
that successfully divides mathematical word problems into three different hierarchical
levels after realising these important obstacles. Teachers can assess the different levels
of abstraction and cognitive load that students encounter during the modelling phase
according to this tripartite classification, which offers an essential teaching tool.
Teachers can assess the different levels of abstraction and cognitive load that students
encounter during the modelling phase according to this tripartite classification, which
offers an essential teaching tool. Using this approach enables teachers to better grasp
these transitional challenges and create focused instructional interventions, as shown
and further explained in the recent empirical work by Batyrbayeva et al. (2024). Table
2.1.1.1 below provides a thorough summary of these three hierarchical levels.
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Table 2.1.1.1. Three Levels of Word Problems According to V.A. Dalinger

The name of the level Description

Acceptance Problems at this level should include more mathematical
content than plot material and be like real-world situations.
This level's objective is to assess students' knowledge and

proficiency in the areas of mathematics they have learned.

Formalizing a This level is comparable to the integrated approach. The
connection ability to differentiate between problems with
mathematical and non-mathematical substance is the
primary goal of this level. They should be conscious of

their distinctions and commonalities at the same time.

Reasoning The problems have to be created with real-world scenarios
in view. They ought to be large as well. They learn how to

look up information from different sources.

2.1.2 Solving methods of word problems

The "practice—theory—practice” paradigm is the foundation for word problem
solving, according to Asanbayeva and Tagybergen (2025). To put it another way, word
problems are analyzed in the context of real life, translated into mathematical language,
and utilized to create a model since they are frequently based on real-world
circumstances (Asanbayeva & Tagybergen, 2025). Teachers should educate students
to employ a variety of approaches for solving word problems. Solving word problems
may be divided into various steps:

e identify problem elements;

e determine problem circumstances and questions;

e the capacity to distinguish between known, unknown, and uncertain

variables;
e the capacity to extract and alter words (phrases) that indicate connections

between quantities from the problem's circumstances;
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e proficiency in documenting functional connections and formulas;

e the capacity to interpret quantitative connections into mathematical

expression;

e the capacity to convey the outcome of the solution in the language of the

problem;

e the capacity to verify the answer (Urban, 2018, as cited in Kupreeva, 2023).

Zhuravleva and Smirnova (2019) observed that there isn't a single algorithm for
word problem solution. The findings of reviews such as the Unified State Examination
(OGE) also show that elementary school students have difficulty with basic word
problems, according to their research. It all comes down to the student's inability to
visualize the problem, their lack of comprehension of what is provided, and their lack
of understanding of what needs to be discovered. This indicates that one of the most
crucial phases is being overlooked. Put another way, the first step in solving a word
problem is to comprehend and visualize the information provided. Karrison and Carroll
(1991) developed a five-step procedure to solving word problems. According to the
studies Karrison and Carroll (1991) conducted, the following five-step procedure
works best for solving word problems. It consists of the following steps:

e reading the task;

¢ selecting the required computing operation;

e deciding which information should be processed,;

e doing the calculation;

e determining the appropriate units for the outcome.

Several authors have supported that strategy. Furthermore, the students require
all these skills at once. For instance, Gusev and Bataeva (2020) contend that teachers
should be able to recognize the following roles in word problem solving: using
illustrations to make the problem's logic easier to understand and that this is a unique
approach. They claim that geometric pictures, as opposed to vacuous logic, make the
problem easier to comprehend. According to their research, teaching word problems to

students in grades 5-6 via diagrams, lines, segments, rays, and tables is more
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successful. Tuxtayeva (2025) provides experiment to solving word problems for
elementary classes using innovative technology. In the classroom, gamification,
electronic games, logic games, and interactive crossword puzzles and etc. were
utilized. "Learning by discovering" was the foundation of her teaching approach. Here,
students have to make their own discoveries after grasping the word problem. In other
words, they use their own approach to address it. In the end, students in the
experimental group outperformed those in the control group because of the new
innovative technology and technique of discovery. Four methods are the article of
Ayvazyan's (2017) discussion on L.P. Stoylova's classifications. They are practical,
pictorial, and arithmetic and algebraic. The arithmetic method is applied to elementary
school. In other words, the arithmetic method uses arithmetic processes to determine
the question’s solution. And in doing so, the solution to the problem is discovered. For
grades 5-6, the algebraic method is preferable. Rudenko (2022) also indicated in his
research that the algebraic method needs to be utilized for solving word problems in
the fifth and sixth grades, and that it was introduced in those grades. According to his
research, a teacher should not begin using the algebraic method straight immediately.
Since Kaskatayeva and Khasanova (2024) noted in their study that these difficulties -
specifically, the difficulties students in grades 5 and 6 encounter when switching from
arithmetic to algebraic methods - are all related to the inadequate attention given to the
preparatory stages of algebraic methods in elementary school. Additionally, they
observed that students struggle with word problems when they start secondary school
because they become stuck and are unable to complete whatever they are doing. That
is why Rudenko (2022) implies first, the teacher performs and discusses problems
using algebraic and arithmetic methods. A student gradually realizes that algebraic
methods are more efficient and simpler than the arithmetic method (Rudenko, 2022).
In their work, Lokshin and Lavrova (2024) also emphasize the use of algebraic,
arithmetic, and geometric methods to solve a variety of problems. To put it another
way, they employed each of these methods to address the problems. They conclude

that "none of them is considered a part of another". In other words, each method needs
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to be considered separately. Additionally, it concludes that the student must be able to
visualize a problem scenario and determine which method to use for a given problem.
Due to the fact that this method is seen as difficult for elementary school. By
developing an equation, the solution may be found using the algebraic method.
Additionally, the pictorial method allows for the establishment of algebraic, arithmetic,
and geometric relationships through problems that may be solved just by examining
the illustrations or drawings. This approach may be used to help students in elementary
school understand concepts that they have not yet mastered and that they find
challenging by using the illustration. The practical method to word problems involves
handling items to get the solution. In other words, this procedure is regarded more
complicated. There, it is vital to establish hypotheses and theories (Ayvazyan, 2017).
Arithmetic, algebraic, geometric, practical, logical, tabular, method of trial and error,
and mixed methods to word problem resolution were discussed by Pilyukova and
Voistinova (2018). Using arithmetic method on numbers is the definition of the
arithmetic method that is the answer shown on the solving only arithmetic operations.
The algebraic method entails creating an equation or inequality to find the solution.
Additionally, the solution is regarded as having been acquired via various approaches
if it is achieved by creating one or more equations. The geometric method employs
geometric laws and geometric figure construction to arrive at the solution. The logical
method utilizes logical thinking instead of solving any equations. The practical method
involves building models to identify the solution. In the tabular method, a
comprehensive table is created to determine the solution. One or more approaches are
merged in the mixed method. The method of trial and error. Using this method,
problems that have intuitive solutions are solved. To put it another way, you'll have to
make a guess. In other words, you'll find the right answer by experimenting with a few
alternative answers. The Polya procedure is employed by Novitasari et al. (2023) to
solve word problems. Lee (2017, as cited in Novitasari et al., 2023) asserts that
employing the Polya procedure enhances students' learning efficiency and makes the
problem simpler to grasp. Powell (2011) specifically noted that since the Polya
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procedure's four steps were introduced, teachers have started offering methodical
advice on word problem resolution. According to Wiworo (2021), the Polya method
works effectively. Novitasari et al. (2023) established four steps using this method.
These include comprehending a problem, formulating a remedy, carrying it out as
implementation step, and evaluating the outcomes as the review. The student is
required to write down all the material provided during the comprehending step, along
with any unknown. At this point, the problem is recognized. Planning the solution, the
second step is developing a mathematical model and organizing the anticipated
solution to the problem. They operate in accordance with their strategy during the third
step, known as the implementation step. They focus on the correctness and reasoning
of the response at the fourth step, known as the review stage. According to Powell's
(2011) systematic analysis of 12 research, the schema-based method helps students
who struggle with learning to solve word problems. Additionally, schemes may be used
to arrange the primary structure of the word problem, which are represented by
diagrams, illustrations, or equations (Powell, 2011). The following approach to word
problem resolution has been suggested, according to Mardliyana and Amir (2023).
There are four steps in this process. These include adding parts, splitting a whole into
units, multiplying groups of items, and using logical reasoning. The first step involves
reading the provided material, writing down the questions, and then identifying the
components of the response. Using the information provided about the situation, a plan
IS created in the second step. The quotients for each component are combined together
to get a single result in the third stage. Each set of x is divided repeatedly until the
division is finished in the fourth step. Nevertheless, Mandal and EI-Hmoudova (2021)
note that students typically struggle with understanding problems, identifying
formulae, and performing calculations — proposing an implementation remains
difficult, regardless of the specific circles. In order to enhance teacher professional
growth, Sarkulova and Omarbaeva (2025) gave students a variety of problems. For
instance, they used problems involving motion, concentration, and percentages.

Algebraic methods were used to solve each of them. Additionally, they thought that
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explanations should make use of integrated knowledge; for example, concentration
should be connected to chemistry and mathematics, whereas motion-related problems
should be taught using contrasting teaching methods. They added that word motion-
related problems benefit from animated visual aids. In 2024, Kaskatayeva and
Khasanova worked with students in grades 5 and 6. They discovered that switching
from arithmetic to algebraic approaches is the most significant obstacle for students in
this age range. They determined that to solve this problem, it was necessary to
determine students' lower, medium, and upper levels and to create problems that were
suitable for each level. They believe that each class has students that fit into these three
levels. They also found out how these three levels of students see the assignments. As
a result, they described how students at every level should be taught by them. Kupreeva
(2023) addressed word problems using a case study methodology. The main idea
behind this method is that group work is crucial for students. In the framework of a
case study, students must comprehend real-life problems and come up with answers.
Here, the primary goal of case study learning is to work as a group with the teacher to
solve the word problem. By doing this, students can create their knowledge rather than
just receiving pre-made information. The definition of the term "case" is relevant in
this situation. Both theoretical and practical interest may be found in it. It distinguishes
between two elements of a case: work-related duties and supplementary data. To put it
another way, while employing a case study method to solve word problems, the teacher
first splits the class into groups, asks the students questions to help them comprehend
the case better, and then evaluates their work. After that, the students got to work. They
create potential solutions while considering the opinions of their group members, note
the right response, and plan future assignments in this format. Andriyanova (2024)
claims that teaching word problems using a component-based method is the algorithm
for addressing problems in mathematics education. There are four steps in the generic
problem-solving algorithm:
e examining the problem's theoretical component;

e figuring out how to solve the problem;
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e confirming the selected method of solution;

¢ self-evaluation of the finished problem.

In the first phase, the teacher assists students in understanding the problem's
theoretical component. After then, students try to determine the problem's known and
unknown values as well as the precise requirements. Their comprehension of the
functional link is strengthened by this procedure. At this point, students may easily
understand the connection between the amounts and the event if the teacher makes a
table, diagram, or drawings. They create methods for resolving the word problem in
the second phase. In other words, they decide which part of the equation will be the
primary one. In the third phase, they put their strategy and methods into practice and
try to find a solution. An analytical evaluation occurs in the fourth phase. At every
level, the students’ activities are evaluated. As they arrive at the solution, they assess
their own performance. This approach improves the student's word problem-solving
skills even more. Asanbayeva and Tagybergen (2025) also discuss the steps needed in
completing a problem like general. They, as well, are classified into four categories:

e the first step: analyzing the nature of the problem;

¢ the second step: deciding how to solve the problem and developing a strategy;

¢ the third step: executing the strategy and looking for a solution;

¢ the fourth step: it involves validating the obtained solution.

These four steps can be identified as after the ones reported by Andriyanova
(2024) in her research. Furthermore, Asanbayeva and Tagybergen (2025) state that if
all of these processes are completed sequentially, the result will be right and accurate.
However, if any step is omitted, the answer may be inaccurate. To make sense of a
problem's context, Asanbayeva and Tagybergen (2025) advise students to ask
themselves the following questions. These questions consist of:

e What is the core of the issue?

e What are we aware of?

e What information is required?

e \What information is not known?
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This is an illustration from Asanbayeva and Tagybergen's (2025) research, which
offered other instances in relation to similar queries. The problem is as follows: Two
children are strolling in the same way along a road. They are initially separated by two
kilometers. The first child moves at a pace of 4 km/h, while the second is moving at a
speed of 5 km/h. A dog rushes from the first child to the second, then back again, and
so on, until the second child catches up to the first. The dog can go at eight kilometers
per hour. How far did the dog run before children lined up? Asanbaeva and Tagybergen
(2025) were categorized by this problem based on the questions as follows:

e What exactly is the problem?

It involves two children and a dog who are in motion. Everyone knows their
beginning speed and position.

e What do we need to find?

The total distance the dog has traveled during the excursion.

e What information is known?

(a) Both children are heading in the same direction.

(b) The beginning distance is two kilometers.

(c) The first child's speed is 4 km/h, whereas the second's speed is 5 km/h.

(d) The dog has a speed of 8 km/h. What is unknown?

How long will it take for the second child to catch up to the first, and how far
will the dog go in that time?

e What is the nature of the problem?

It's a distance problem. That is, we must determine the length of the path traveled
by the dog during that period.

According to the authors, the answers to these questions will
help students recreate the problem statement. According to Chilingaryan (2017), there
are many processes involved in solving a typical word problem. Among them are:

e using the letters x and y to represent the problem's unknown values;

e utilizing the known quantities given in the problem to create an equation or a

system of equations;
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e after which this equation or series of equations is solved;

e choosing solutions which satisfy the problem's requirements.

The author claims that applying these processes to solve the problem assists in
the development of a mathematical model. This demonstrates the significance of
building everything according to the conditions specified in the challenge and not
ignoring any conditions. In this instance, solving word problems demonstrates to
students the beauty of using mathematics in daily life and how they may appreciate it,
despite the fact that word problems are quite challenging to solve (Khoshaim, 2020).
In their study, Batyrbayeva et al. (2024) used the idea of the right construction of the
word problem as the primary guideline for addressing word problems. They discovered
the following principles because of their research:

e giving students problems based on topics they have already learned is crucial.

Additionally, this allows for the evaluation of their prior knowledge;

e giving students problems that are similar to both nature and man-made events
is crucial. They can then make use of their personal experiences;

e when presenting a problem to students, it should be structured so that they
come across something novel. Their comprehension of the novel idea will
thus develop more quickly;

e the last concept is the significance of obtaining the quantity of assignments
that align with the duration of the course.

It is crucial to select word problems at a level that doesn't interfere with other

educational activities. Furthermore, it is said that the problems must be suitable for the
level of the students. In other words, the authors support the necessity of paying close

attention to the word problem'’s structure by demonstrating these ideas.

2.1.3 Challenges in solving mathematical word problems
According to a research conducted by Fatmanissa et al. (2017), word problems
remain one of the most challenging topics for students when compared to other
mathematical topics. However, this trouble with word problems is not limited by
language or culture, hence it affects students of all ages, grades, and cultures
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(Khoshaim, 2020). That is, it is clear that the challenges they produce in students stem
from language factors. In general, students solve mathematical challenges by
memorizing rules and processes. Khoshaim (2020) also noted that challenges of
addressing word problems in mathematics is not novel. Boonen et al. (2016, as cited in
Khoshaim, 2020) discovered that this is insufficient to grasp mathematical ideas.
Chilingaryan (2017) divided word problems into six groups according to their sentence
structure, as was previously indicated. He also talked about the challenges that students
in these six categories encounter while attempting to solve word problems. For
instance, students frequently struggle with problems involving combinations and alloys
because they do not identify them with chemistry, according to Chilingaryan (2017).
The instructor has to clarify that "concentration" is a chemical concept (Chilingaryan,
2017). Students won't be able to grasp this crucial concept till then. Finding a portion
of a whole, figuring out the whole from a given part, and computing a percentage are
methods that are seen to be challenging for students to understand when it comes to
topic about percentages. Additionally, before students try the task, professors must
explain these algorithms to them. Meanwhile, Darocci et al. (2015) found three major
components of difficulty in word problems after evaluating 227 articles:

e the linguistic complexity of the word problem;

e the numerical complexity;

e their interaction.

Similarly, Fatmanissa et al. (2017), who examined 35 publications, found that
difficulties in word problems were linked to many semiotic systems, vocabulary,
grammar, and syntax. Khoshaim (2020), utilizing brief surveys as well as interviews,
indicates that students struggle to solve word problems due to their limited skills and
negative attitudes toward mathematics. According to the results from surveys, these
concerns cause students to become more stressed. Khoshaim (2020) claims that the
mathematics education community has long recognized the complexity of word
problems. Khoshaim (2020) contends that, while numerous studies have indicated the

need to incorporate more word problems into classes to assist students grasp word
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problems, it is unclear why teachers avoid them and students find them challenging. In
his research, Khoshaim (2020) reported that Schwanebeck (2008, as cited in
Khoshaim, 2020) discovered that persistent word problems might cause dissatisfaction
and low self-esteem. Naturally, low self-esteem reduces students' ability to answer
word problems and creates the perception that only intelligent students are capable of
doing so (Lambdin, 2003, as cited in Khoshaim, 2020). Otherwise, to solve word
problems, students' past knowledge and abilities are crucial (Craig, 2001, as referenced
in Khoshaim, 2020). Gorbunova's research from 2025 demonstrates the challenges
students have while resolving word problems. Her research showed that students had
trouble with three-step word problems based on an examination of common mistakes
and challenges. To put it another way, they are unable to translate between word
problems and abbreviations and vice versa, nor can they comprehend the relationship
between amounts. Specifically, making a table was the primary challenge for
addressing word problems. The authors created a method for making tables to answer
word problems for elementary school students in order to address this problem. As a
result, the following standards were created to assess tabular models: the capacity to
recognize the structural components of a word problems, the capacity to obtain and
apply information from tables to carry out tasks and solve problems, the capacity to
solve word problems in one to three steps, the capacity to apply relationships between
speed, time, and distance traveled, performance, working time, and volume when
solving word problems and the capacity to create a tabular model of word problems.
Additionally, Ulmasbaeva and Soloshchenko (2017) point out the most frequent error
made in word problem solution. They claim that reading the problem is the first step.
Put another way, hurrying to find a quick solution without doing any research or
deliberation. When tackling word problems, this causes numerous types of problems.
Put differently, it impacts the student's capacity for autonomous and rational thought.
Finding links between the known and the unknown is the primary goal of solving any
word problem. Additionally, Ulmasbaeva and Soloshchenko (2017) observe that only

the most accomplished students write problems on the board during math classes,
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which is a challenge for them because they frequently leave off stages in the solution,
writing only the major portion or the final equation. Their thinking is constrained by
the problem at hand. Ulmasbaeva and Soloshchenko (2017) came to the conclusion
that teacher general responsibility is to help "weaker" students solve challenges.
Additionally, they ought to let students help solve the problem. Ulmasbaeva and
Soloshchenko (2017) conclude once more that, especially in physics-related situations,
one should always verify the accuracy of the solution before analyzing it. Khoshaim
(2020) performed research with 18 teachers and invited them to conduct interviews
with students they advised as part of an experiment, resulting in the following
conclusions: Students are not used to thinking and memorize the template, so "new
concepts” - new and never-before-seen words given in the word problem - make it
difficult to understand what's written. Students' unpreparedness can also be attributed
to the teacher, who requires seminars, also students have weak skills, and skips steps
in solving the word problem. Kusuma et al. (2019) conducted interviews with sixth-
grade students on fractions and integers in word problems and discovered the following
challenges. The author categorizes it into four main causes. They are:

e students have trouble grasping word problems;

e students do not know the operations associated with fractions;

e students with limited counting abilities;

¢ students have struggled with accuracy.

Due to these factors, Kusuma et al. (2019) conclude that students' inability to
answer the provided word problem is mostly caused by a lack of knowledge of the
topic. That is, they are unable to create computation processes or mathematical models
because they do not comprehend the meaning of the problem's conditions.
Furthermore, the inability to discern the information in the problem, i.e. what is known
and what is unknown, makes problem resolution harder. This is the most typical
challenge. They are unable to solve word problems because of their inability to conduct
fractional operations. The inability to count accurately, or to swiftly count and add

numbers without discriminating between decimals and whole numbers, is also a
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hindrance. The author states the following concerning the last factor: inaccuracy. That
IS, students are rushing to solve problems, however, they are unable to provide an
appropriate solution. This is one of the challenges faced not just while solving word
problems, but also when tackling additional challenges. Several foreign scholars have
also drawn attention to the linguistic problem, most notably Fatmanissa et al. (2017).
Put another way, it is asserted that students who do not speak English as their first
language find it difficult to wunderstand word problems. However, in
Kazakhstan ordinary schools, math classes are not taught in English. For this reason,
this problem is not seen in Kazakhstan. However, while analyzing problems in a

foreign culture, one could encounter incorrect translations.

2.2 What is the visualization method

Nowadays, technology is always developing. Kvetko and Avdoska (2023)
discuss the necessity of new instructional technology in the sphere of education for this
same reason. These tools aid in the visualization of learning, making everything
obvious and accessible to students and simplifying difficult concepts. When working
with abstract mathematical topics, visualization is crucial. This implies that knowledge
is obtained through visualization based on practical experience rather than formalism
(Kvetko and Avdoska, 2023). Evteeva (2024) indicated that visualization should be
given top importance while addressing problems as it serves as the foundation for
students' further growth of geometric thinking. Additionally, Novikova and Vlasova
(2022) pointed out that advances in this field have made it easier and faster to find
everything one needs. They also highlighted the following characteristics of
visualization: information analysis, source selection, reliability assessment, and future
use of the chosen information. The act of transforming information from textual form
into symbolic, or mathematical, form utilizing mathematical and symbolic tools, as
well as organizing, generalizing, reconstructing, and vice versa, is known as
visualization (Novikova and Vlasova, 2022). Particularly for teachers when
introducing new content, visualization helps to increase brain activity, produce ideas,

and lessen learning challenges (Subbotkina, 2020). One particular type of mathematical
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method of teaching is visualization. Visualization in mathematics is the process of
creating, interpreting, and reflecting upon pictures and images to represent
mathematical concepts and relationships. According to Abu et al. (2001), mathematical
visualization is “the art of creating a tangible experience with abstract mathematical
objects and concepts”. Mathematical visualization also encompasses modeling
mathematical problems using computer graphics and animation. This enables students
to have hands-on experience with abstract mathematical notions. Based on Russian
schoolchildren's involvement in worldwide research on reading and mathematics
literacy, Novikova and Vlasova (2022) found that about 45% of students had trouble
finding information that is clearly expressed in the text. For this reason, Novikova and
Vlasova (2022) emphasize that information cannot be considered knowledge until it is
conveyed graphically. De Guzman (2002) asserts that visualization enables
mathematicians to examine structure by offering alternate ways of visualizing notions
that might be overly complex for analytical visualization. Based on this rationale,
visualization of mathematics, proven valuable for presentation, problem-solving, and
investigation, involves using concrete representations for abstract understanding. This
perspective is well-represented within the realm of mathematical cognition and
communication. Aligning their perspective, researchers like Clements (2014) believe
that visualization within mathematics involves using visual imagination for problem
resolution. Nonetheless, students sometimes differ within their visualizations, even if
they are algorithmic thinkers. This happens even if their performance level within
visualization exercises is high. The method is particularly powerful because it
leverages human visual perception, allowing learners to “see” mathematical
relationships. Rahim et al. (2011) notes that visualization is not an innate skill but a
learned process of “seeing to think”, which can be taught and developed to enhance
mathematical understanding. Information comprehension is enhanced by visualization,
which may be converted into graphic, spatial, and sensory representations. The
following scientists' statements support this information. One of the primary learning

activities in grades 5 and 6 is solving word problems, during which students acquire
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fundamental abilities in logical reasoning, mathematical modeling, and abstraction
(Nevostrueva & Ruzanova, 2021). Derkach (2025) examines at the views on
visualization of O.A. Fedosova and E.N. Sokolina. Derkach (2025) defines
visualization as the presentation of information via the use of graphs, tables, diagrams,
maps, and other visual aids. At first, it was mostly demonstrative, but with time, it
evolved into the creation of images meant to grab attention and promote educational
activities. Since people initially began collecting data in antiquity, visualization has
existed (Serbina and Kruk, 2020). Serbina and Kruk (2020) define visualization as a
graphical depiction of data. This graphical representation's primary goals are to
communicate information using pictures, graphs, tables, diagrams, and other visual
aids and to make information easier to perceive. Serbina and Kryuk (2020) state that
one specific subject must be the foundation of every visualization employed in
mathematics. This presents an issue: visualization will not accomplish its goal if the
student is not familiar with the graphical elements and the relationships between
them—that is, lacks the knowledge to comprehend them. According to Serbina and
Kryuk (2020), visualization is an external factor that promotes learning. This external
factor can take many different forms, such as a computer program, an instructor, or a
textbook. Facilitating the comprehension of ideas, concepts, activities, connections,
algorithms, etc. is the primary goal of visualization. A link between the student's prior
experience and the new information being studied is necessary to accomplish this goal.
The student's level of knowledge must thus be considered in order for visualization to
be successful. According to Rathour et al. (2022), the usage of visual aids in
mathematics instruction relies on the subject's structure and the student's level of
expertise. Additionally, it is necessary to employ visual aids to pique students' interest
so that the lesson may be simply explained to them. These visual aids make the course
easier to grasp. Furthermore, visual aids are crucial in bridging the gap between theory
and practice (Rathour et al., 2022). In his thorough examination of the idea, Clements
(2014) states that visualization is an action that a person does in his mind that aids in

the creation of a mental image. He then reviews the theories of several scientists. For
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instance, Zimmermann and Cunningham (1991, as cited in Clements, 2014) proposed
that mathematical notions may be represented geometrically or graphically through
visualization. Additionally, Norma Presmeg wrote on the definition of visualization
and believes it is comparable to Clements' theory, which states that visualization
describes both geographical and mental pictures. Furthermore, the notion of
visualization in terms of problem solving is the foundation of Alan Bishop's concept.
In other words, it is claimed that problem solving involves the use of visualization.
Clements (2014) also discussed the viewpoint of Tall and Vinner. They described
concept images. In other words, every mental image and property is described by a
concept image. Additionally, Rathour et al. (2022) discussed the views of a number of
academics. For instance, Arcavi defines visualization as the capacity, process, and
result of producing, interpreting, and utilizing pictures, diagrams, and illustrations in
our minds, on paper, or through technological means in order to represent and
communicate information, think about, develop previously undiscovered concepts, and
foster understanding. Arnheim's concept of visual thinking also caught the attention of
Rathour et al. (2022). In other words, he described visual thinking as using visual
processes to think. Additionally, he described visual thinking as the capacity to
envision images in the mind as opposed to merely illustrating them. According to
Presmeg (2006), all mental thoughts may be converted into visual pictures through
visualization, which is crucial to solving mathematics. Presmeg (2006) makes the case
once more that visualization is an effective mathematical tool because it may give
abstract ideas a “concrete” portrayal. According to Rathour et al. (2022), visualization
is the use of efficient technology in education to communicate the process under study
and visually build linkages. According to Rathour et al. (2022), the visualization
principle is essential to teaching mathematics. Furthermore, visualizing is regarded as
an outside aid for mental work. There are two kinds of visualization, according to what
the author stated. They are subject visualization and symbolic visualization. Drawings,
tables, graphs, schemes, diagrams, and graphs of binary relations are all used in

symbolic visualization. Models of geometric bodies, spatial scenarios, and flat figures
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are examples of subject visualization. Based on Solomka (2025), to keep students
interested, teachers should encourage them to utilize their imaginations more.
Additionally, that points out that this kind of visualization might foster students'
creativity and critical thinking abilities. Subsequently it goes on to say that there are
several kinds of visual information. These might contain animations, films, and
diagrams, for instance. Mathematical visualization can operate as a "cheat sheet™ for
problem-solving can be viewed as a link between the imagination and abstract numbers
(Solomka, 2025). According to Solomka (2025), visualization makes it possible to
accomplish three goals:

e to identify a straightforward and elegant solution; Rathour et al. (2022)
separated the significance of visualization into three categories based on the
concept of visualization provided by several authors, particularly Arcavi.
They are:

e itiscrucial for improving students' mathematical communication abilities and
may convey mathematical concepts through both internal and exterior visual
representations;

e mathematical ideas and their connections can be given significance through
visualization;

e visualization is an effective method for investigating and resolving issues.

According to Ochkov et al. (2022), teachers can assist students solve problems

by creating their own visual representations. According to Fokuo et al. (2024), all
interactive and virtual gadgets are considered visualization tools. The students can
utilize their innate capacity to comprehend visual information thanks to these visual
aids. Additionally, they make abstract theories easier to comprehend. Tools for
mathematical visualization aid in creating a connection between learning objectives
and the content of the instructional materials. Additionally, by eliminating superfluous
information and promoting additional knowledge retention, visualization helps

streamline the learning process (Serbina and Kryuk, 2020). According to Rathour et al.
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(2022), visualization has a long history and is in line with mathematical methods. Three
distinct phases of knowledge may be identified based on their definition. They are:

e perception;

e creativity;

e abstract thought.

Additionally, they describe two phases of knowledge perception:

e produce rational;

e sensory writing.

A unique space for imagery characterizes the sensory stage. Additionally, they
claim that to demonstrate the outward characteristics of mathematical objects as well
as their relationships, distinctions, and similarities, visualization is required.
Additionally, they claim that even at the third level of knowledge - abstract thinking -
visualization aids in accurate thought. Depending on Tarabrina's work, Osmanova
(2023) illustrated how visualization might support the following goals in elementary
school:

e the growth of critical thinking

e athorough method for resolving issues of any complexity;

e (athering, analyzing, and using of new information;

e assessment of one's own work;

e growth in emotional intelligence.

Students' critical thinking and logical skills can be developed by employing the
visualization method in this manner. Their focus, creative inquiry, and goals may be
impacted by this. Osmanova (2023) asserts that contemporary information technology
advancements make it feasible to locate the information one wants quickly. She
contends that information technology and multimedia may be used to illustrate
visualization. The following results are made possible by using information technology
to visualize lessons:

e providing information in an approachable and accessible manner;

e planning research projects;
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putting together a teaching strategy that is differentiated;

enhancing emotional involvement;

fostering an environment that encourages creative engagement;

quick transitions between tasks;

the use of technology based on games;

how group-based learning is organized, etc. The following abilities can now
be developed by the teacher in the elementary school using such visual aids:
utilizing visible, contemporary, and recognizable technology to include
students in the learning process;

increasing the variety of learning activities students engage in and providing
them with fresh material;

boosting students' enthusiasm via individualized and visual instruction;

enhancing the energy and interest of lessons (Osmanova, 2023).

For students in grades 5 through 11, visualization is seen to be a useful technique

for improving mathematics comprehension and reasoning. In addition to improving

their conscious and high-quality learning, the usage of such visual aids helps them

acquire transferable learning abilities. Students can learn mathematics more easily and

comprehensibly through visualization (Subbotkina, 2020). The beneficial effects of

visualization on students have been divided into many important categories by

Kovalenko and lvanova (2022):

it fosters critical and visual thinking in students and aids in their efficient
organization and analysis of information;

helps students make a harmonious connection between the information they
have learned and a geometric object;

aids in the consolidation of new knowledge;

facilitates the rapid absorption of a large amount of information; - allows
them to reconstruct and replicate different processes;

allows them to arrange educational materials in an interesting manner.
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2.2.1 Types of visualization method

There are two types of visualization in education: internal and external. Internal
and external visualization in mathematics are complementary cognitive processes that
play a crucial role in mathematical thinking and learning. Hegarty et al. (2004)
identified three primary relationships between internal and external visualization:

e External visualizations might substitute for internal visualizations

e Comprehension of external visualizations depends on internal visualization

skills

e External and internal visualizations can mutually augment each other

Schoenherr et al. (2023) specifically noted that external visualization is central
to mathematics education, encompassing various types from pictorial to abstract
representations. Mathematical visualization methods can be categorized into two
primary types: physical resemblance visualizations and structural resemblance
visualizations. Schoenherr et al. (2023) identified a comprehensive framework of
visualization techniques, including:

Physical resemblance visualizations:

e pictorial representations

e abstract visual representations

In their systematic review, Hadi and Csikos (2025) thoroughly examined the
function of vision in word problem solving. They shared their thoughts, particularly
with relation to schematic and pictorial visualization. They contend that while merely
drawing a picture does not convey the problem'’s meaning, the ability to appropriately
produce schematic visualization during the production of a word problem helps to
effectively create a problem. Future descriptors will be developed based on this result.

Structural resemblance visualizations:

e Length-based visualizations

e Area-based visualizations

e Relational visualizations
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The research suggests this visualization methods are crucial for enhancing
mathematical understanding, particularly in helping students and researchers interpret
complex mathematical concepts through visual representations. Presmeg (1985)
identified five categories of visualization, which Clements (2014) cites. Here are:

e concrete visualization happens when relationships are envisioned in some

manner;

e formula visualization happens when abstract information is pictured in

concrete pictures;

e pattern visualization happens when relationships are imagined in some

manner;

e when an image is shown in shape or pattern, kinesthetic visualization takes

place; when pictures are pictured mentally, dynamic visualization takes place.

Also, Serbina and Kryuk (2020) examined a variety of visualization applications.
Additionally, they showed that it falls into two categories:

e data analysis;

e sharing of information.

The application of visualization tools is known as data analysis. To put it another
way, information communication is the visual representation of data, whereas it is
utilized to find correlations between data points or collections of data points inside
massive databases. Its goal is to successfully communicate with the addressee (Serbina
and Kryuk, 2020). Hajieva (2020) observed information visualization models in her
research. She was especially intrigued by the models created by P. Grech and L.
Holtzapfel. The following categories comprise visualization models:

e verbal (written or spoken description);

e graphical (graph, picture, diagram);

e mathematical (using formulae for description);

e tabular (object-to-object, object-to-property).

31



The transformation between these models was explained by Khadzhieva (2020).

Now proceed to examine each of them independently. Transformation from a verbal

model:

if the data is given verbally, a graph is created based on the text to transform
it into a visual representation.

specific values and data are recognized and documented in the text when
switching to a tabular form.

the phenomena being described must be articulated using mathematical

equations in order to go on to the mathematical model.

Transformation from the graphical model:

for the purpose of switching to the verbal model, a description and an
explanation of the final graph’'s meaning are given.

the values of the points along the graph are read and recorded into a table
when switching to the tabular model.

depending on the kind of graph created, an appropriate approximation

function is chosen for conversion to a mathematical model.

Transition from a tabular model:

when switching to a verbal model, a conclusion is reached after reading aloud
the numerical values and data in the table.

a graph is created by plotting the table's points on a coordinate plane in order
to transform them into a graphical representation.

the regression method is used to calculate the data in the table and determine

the relevant function (formula) to move to a mathematical model.

Transition from a mathematical model:

an explanation of the formula’s logical or physical significance is given when
switching to a verbal model.
a related diagram or graph is created using the formula to switch to a graphical

model.
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the formula is changed to a tabular model by substituting numbers, calculating

the results, and entering the results into a table.

A particular method of information visualization is described by Klendershikova

and Butko (2023). They separate it into two phases.

the initial phase is regarded as theoretical. Using accessible graphs, diagrams,
and other graphic elements, the teacher exposes students to a variety of
methods for visualizing textual information.

the second phase is seen as pragmatic. Students build their own visualization
talents at this point. In other words, they create graphics and graphs on their

own. They learn to think critically and do in-depth study in this way.

Five categories of visualization in math classes were recognized by Subbotkina

(2020):

diagrams and other comments that demonstrate the topic's structure;
diagrams and graphs that allow for relationship analysis;

tables that arrange data;

geometric models and drawings;

digital technology for dynamic visualization.

Each type has its own educational purpose and is designed to fit the structure of

each lesson. Furthermore, visualization plays an important role in the development of

mathematical concepts in grades 5-7. This is because visual models, drawings and

diagrams are used to study fractions, percentages, coordinate planes and geometric

shapes. This helps pupils move from concrete concepts to abstract thinking

(Subbotkina, 2020). Four categories of visualization principles were studied by

Novikova and Vlasova (2022). These are:

the principle of radial
the principle of trees
the principle of sequential

the principle of tabular
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The radial principle was explained by Novikova and Vlasova (2022) using Harry
Adler's approach. In accordance with this, the focus is positioned in the middle of the
page, and several connected features are noted in the periphery, which are divided by
rays. The radial principle and the tree-like principle are not the same. Like the branches
of a tree, additional themes diverge from the primary and major themes in this instance
as well. Cause-and-effect relationships are frequently demonstrated using this
principle. Everything is confined within the chain when using the sequential principle.
Novikova and Vlasova (2022) used quadrilaterals as examples to illustrate this idea.
Simple tables serve as the foundation for the tabular principle. To put it another way,
key information is arranged in columns and rows in memory. Diagrams, tables,
pictures, mind maps, and roadmaps are categorized as visualization forms by
Kovalenko and Ivanova (2022). They also emphasize how quickly knowledge can be
recalled. According to Safonova (2000), visualization is a geometric approach to word
problem solution that includes the following types:

e diagrams in one dimension

e diagrams in two dimensions

e graphs

Line segments are used in one-dimensional graphics to depict values. In two-
dimensional diagrams, the area of a rectangle represents the product of values. For

linear functions, graphs are utilized.

2.2.2 Theoretical analysis of the concept of "'visualization™ in pedagogy and
psychology.

Subbotkina's (2020) analysis goes into further depth on a theoretical examination
of the psychological and pedagogical underpinnings of the term of "visualization."”
Subbotkina (2020) claims that visualization is based on students' perceptions of the
qualities of their own thinking as well as the fact that students absorb information
faster, comprehend mathematical objects right away, and attempt to make connections
between them because of visual representations. Regarding the accessibility of learning

items, the use of visual aids is in line with the didactic teaching principles. The
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evolution of functions, geometric objects, statistical data, and algebraic relationships
all demonstrate the efficacy of visualization (Subbotkina, 2020). Osmanova (2023)
offered some findings on the pedagogical definition of visualization in her article. In
order to maximize the learning process, she considers visualization in education as a
method of presenting instructional material in the form of pictures, graphs, tables,
diagrams, and multimedia tools. Additionally, based on K.D. Ushinsky's theories,
Osmanova (2023) explores from a psychological and educational standpoint how using
students' different senses—visual, aural, and kinesthetic—allows them to comprehend
and remember the content more effectively. The physiological elements of color
perception are also examined. According to Kokoreva and Vendina (2020), graphic
models convert an idea's substance into a visual representation that shows logical links.
Presmeg (2006) divided the psychological components of visualization into two
categories:

e the interpretation of images is known as IFl (Interpretation
figural information). This is the capacity of the learner to extract
mathematical meaning from a particular graph, figure, or picture.

e visual processing, or VP for short. This is the process of creating, modifying,
and working with mental or written pictures.

According to Fokuo et al. (2024), visualization's psychological components are
as follows: the students can utilize their natural capacity to interpret visual information
by using visualization tools. This increases their motivation in studying and results in
a stronger comprehension of mathematical ideas. Furthermore, Meyer and Moreno's
(2010) cognitive theory of multimodal learning is cited by Fokuo et al. (2024). It has
been observed that an overabundance of animations or visualizations might divert
students' attention from the primary material and impede their ability to learn. Fokuo
et al. (2024) compared visualization to a bridge between abstract mathematical
concepts and concrete visuals to illustrate the pedagogical usefulness of visualization.
They viewed visualization tools as an approach that enhances learning. Additionally,

from an educational standpoint, visualization facilitates comprehension; as Fokuo et
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al. (2024) pointed out, visual aids allow students to investigate complicated topics
through visual representations, which helps them comprehend abstract ideas more
deeply. Klendershikova and Butko (2020) wrote about the psychological
characteristics of information perception in visualisation. Drawing on research by
psychologists, they noted that people receive 80 per cent of information through visual
channels. They also noted that visualisation, in accordance with didactic principles, is
one of the main principles of teaching — the implementation of the principle of clarity.
At the same time, it is based on the fact that visualisation provides a person-centred
approach to the individual psychological characteristics of each student. Using studies
by British psychologist Tony Buzan, Novikova and Vlasova (2022) emphasized the
psychological components of visualization. According to his study, information needs
to be conveyed through associations and visuals in order to maximize the capacity of
the human brain. This indicates that the use of visualization is essential. Additionally,
according to Novikova and Vlasova (2022), the psychologists who carried out the study
found that employing both hemispheres of the brain throughout the learning process
aids in the efficient development of cognitive skills. They also observed, using mind
maps, that colors may enhance cognitive functions, activate the right hemisphere of the
brain, and have a good impact on the human brain. According to Novikova and Vlasova
(2022), visualization techniques are a useful tool for helping students improve their
information processing abilities (structuring, generalization, analysis). According to
his study of the findings, he suggested utilizing visualization starting in fifth grade and
progressively progressing from basic diagrams to intricate mind maps while preserving
the order and continuity of learning. He also emphasized the unique position of the
teacher in this respect, pointing out that the student should act autonomously once the
teacher has guided them first. He also discussed how well this visualization method
works in group projects. He specifically showed how students acquire communication
skills including engaging with others, defending their own beliefs, and comprehending
the perspectives of others. From a psychological standpoint, Kovalenko and lvanova

(2022) explained how visualization affects human cognitive processes. Based on
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psychologists' theories, they contended that organized, or visual, information
presentation facilitates students' faster and more efficient understanding of new ideas.
Additionally, they claimed that knowledge stored in visual-spatial memory is more
likely to be maintained. Additionally, it was discovered that visual pictures reduce
word sequences into a succinct, schematic representation. Kovalenko and Ivanova
(2022) investigated the opinions of several academics from an educational standpoint.
Visualization is thought of as the act of projecting internal pictures outside, similar to
a projection, according to K. Volker and M. Minsk. A.A. Verbitsky's idea states that
visualization may be used to summarize thoughts into a visual representation, which
can then be reworked and utilized as a foundation for logical reasoning. The
educational goals of visualization were also explained by Kovalenko and Ivanova
(2022). They specifically mentioned how visual technologies promote learning
activities, speed up and intensify the learning process, and encourage visual thinking
and visual-perceptual processes. Moreover, enhancing visual literacy is another
educational goal of visualization (Kovalenko and Ivanova, 2022). M.N. Grablev's
model was introduced concurrently. It was demonstrated that he has created four
models for visualization technologies. These are:

e a collection of educational expertise;

e pedagogical knowledge can be presented visually;

e technological and visual ways to communicate information;

e a collection of psychological techniques for using visual-spatial thinking.

Therefore, visualization is presented by Kovalenko and Ivanova (2022) as a
sophisticated pedagogic system that improves students' cognitive engagement and
develops their spatial thinking rather than just as a picture or example. Danilenko and
Reshetnikova (2022), who presented visualisation as modelling, found in the
psychological and educational literature that the definition of modelling refers to
research. In other words, modelling is not studied directly within the process itself, but
Is primarily associated with a cognitive method. According to Danilenko and

Reshetnikova (2022), there are three categories of mathematical modeling:
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e schematics

e diagrams

e formulas

Additionally, they contend that spatial models, scales, and graphs may be
employed. Safonova (2000) examined visualization in relation to employing geometric
models to solve word problems. According to her, it has psychological and
pedagogical value since it affects students' ways of thinking. Put differently, it allows
students to consider their own ways of thinking. It affects their cognitive functions as
well. In other words, students determine for themselves whether to use an algebraic or
arithmetic approach. It affects their mental growth as well. In other words, it causes
their memory and skills to grow. It makes the lesson easier to comprehend by using
geometric models, illustrations, and diagrams. Nevostrueva and Ruzanova (2021)
discussed the pedagogical and psychological benefits of visualization, which aid
students in improving their memory, logical reasoning, and clarity of mind. While
schematic representations set the stage for a shift to a symbolic image, students in
grades 5 and 6 can observe a specific problem in a real-life scenario. Visualizing their
word problems and visuals helps students enhance their logical thinking skills. In the
meanwhile, using tables aids in improving students' focus and recall. Graphs and
diagrams improve students' capacity to make autonomous judgments in novel
circumstances, according to research. According to Kochurova (2018), one of the
psychopedagogical components of visualization is mental representation. Put
otherwise, a student has to be able to visualize a problem as soon as they come across
it. They are able to differentiate between the problem's qualitative and quantitative
aspects in this way. L.M. Friedman's claim that "every story problem is a verbal model
of a certain real-life problem situation, and it is always possible to reconstruct this
situation from the text of the problem (mentally or in the form of a dynamic mental
model)" was cited by Kochurova (2018). Nevertheless, this is insufficient to address
the narrative problem. The necessity for students to do semantic analysis was explained

as follows: "It is also necessary to establish all the relationships specified in the
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problem through semantic analysis of the problem, and after having identified them,
find the solution to the problem". Additionally, students must be able to understand the

purpose of a word problem by placing themselves in the shoes of a character.

2.3 Practice of using the visualization method in teaching word
problem solving

Instead of only memorizing solution steps, visualization is an efficient way to
solve word problems since it allows for better comprehension. According to Novikova
et al. (2022), mental maps, radial diagrams, and tree-like information structures are
examples of visualization strategies that successfully develop meta-subject abilities for
dealing with information in mathematics education. The findings of their experiment
demonstrated that students' capacity to organize word problems and convert it into
symbolic representations was much enhanced by the methodical application of
visualization methods. Andrianova (2024) outlined a number of steps involved in
applying the visualization approach to solve an word problem. A teacher begins by
outlining the theory underlying the problem. After that, the student has to sketch an
image, table, or diagram and write a concise summary of the problem. The student must
be able to create an equation in the second stage using their notes and drawings. The
solution should be prepared by the third step. The most crucial stage is the fourth one.
At this point, the student has to recognize their errors and try to fix them. To put it
briefly, they review their own work. Additionally, three primary phases of
mathematical modeling may be found in the problem-solving process, according to
Kazakova's (2015) research that illustrates the various word problems modeling:

o first, the problem must be analyzed and translated into mathematical language
to develop a mathematical model. The basic data and the requisite values must
then be ascertained.

e second, the selected mathematical model must be followed when solving the
problem. To get the value of the numerical expression, the equation or

inequality must be solved.
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e third, an explanation of the outcome is required. This entails converting the

mathematical solution into a natural language.

Furthermore, Kazakova (2015) categorized the many forms of visualization, or
modeling, in the "Mathematics" textbooks issued by the Russian Academy of Sciences'
"IIpoceemenuc” publishing house (authors: G.V. Dorofeev, T.N. Mirakova, and T.B.
Buka):

a graphic model is a drawing.

e agraphic model is a sketch.

e graphical model: schematic illustration (diagram)

e diagram-based graphical model

e expression of the signal model

e signal model: a succinct explanation of the problem

e table of the signal model.

As students advance through the years, this type of modeling, visualization -
becomes more complicated, but it is also advantageous, according to Kazakova (2015),
who gave examples of such projects for grades 1-4. In other words, it teaches students
how to analyze a word problem, gather the information they need, assess if a specific
piece of writing poses a challenge, identify the key elements of this kind of assignment
and its components, and make links between them and their importance. Additionally,
modeling enables students to recognize qualities and connections that are not
immediately obvious to them. Modeling aids students in understanding the reasoning
behind problem-solving, especially those who are having difficulty. Instead of
depending on pre-made templates, students may solve problems creatively by
comprehending their significance via the use of visualization. Yumova and Garmayeva
(2024) examined scholars' work on word problem solution in school mathematics
across several nations. Specifically, based on the research of D. Costa, S. Chen, and M.
Courtney, they found that visualization enhances students' performance in word
problem solving. Additionally, Yumova and Garmayeva (2024) examined the

textbooks by S. A. Zaytseva and I. I. Tselishchev and found that students find it simpler
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to master problem-solving when they use drawings and diagrams to solve word
problems. Additionally, these researchers discovered a model for word problems.
Yumova and Garmayeva (2024) examined the work of other scholars, including A.
Lewis, who employed diagramming methods for the college students. As practice
shows, students’ visualization skills improve once they learn to solve real-world
problems. Yumova and Garmayeva (2024) split the word problem solving algorithm
into three steps in the methodology section:

¢ introduction part

e main part

e conclusion part

The student must attentively study the problem statement and jot down the
criteria and question during the introduction part. After that, they have to decide what
is known and what is not. They must come up with a solution plan and mentally create
the solution throughout the main part. The answer is polished and verified for accuracy
during the last part. Additionally, Yumova and Garmayeva (2024) suggested
employing gamification to solve word problems. The visualization itself incorporates

gamification. For instance, entering information in a table (such as "weight of one box,"

"number of boxes," "total weight," or "speed," "time," and "distance") might assist
solve problems with proportional quantities and motion and build a mathematical
model. Yumova and Garmayeva (2024) explain how gamification can be used to solve
word problems and explain how using digital technologies, like multimedia
presentations, animation, visualizations, and illustrations, makes the problem-solving
process more interesting and understandable. Ozkan et al. (2018) employed
visualization in math classes to enhance sixth-grade students' visual abilities. Fifty
sixth-graders from Istanbul were chosen for the study using a convenience sample.
Ozkan et al. (2018) conducted the investigation using a quantitative method as well.
Ten arithmetic problems were provided to the students in the research, and they were
entirely permitted to utilize visualization to answer them. Regretfully, only one student

out of fifty was able to correctly complete each of the ten problems. Furthermore, many
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of students claimed that visualization has no foundation and that they don't employ it
in their classes because it's simpler to compute utilizing a straightforward formula. The
study's findings indicate that the majority of students demonstrated a reluctance to
employ the visualization method going forward since they did not comprehend it.
However, the researcher used visualization to assist individuals comprehend
challenging ideas in the future. The lack of vision in the instruction was the cause of
the problem at hand. Rif'at (2020) studied how to improve mathematical visual skills,
particularly in geometry. Using an qualitative method, he experimented with applying
visualization methods to geometry difficulties. Using Cramer's method, he assessed the
experiment's results, yielding a value of 0.82. In the early tasks, students were shown
to rely more on algebraic calculations, however in the latter tasks, visual calculations
were more prevalent. According to the study's findings, many students still need to
enhance their use of visual aids and learn how to put theories into practice. According
to Sahinkaya et al. (2024), using visualization to solve word problems enhanced first-
grade student academic performance. In particular, according to the methods section,
51 students were chosen using a homogeneous sample approach, however only 41
students took part in the experiment following pre-testing using a mixed method. They
were gathered via interviews and provided straightforward computations devoid of
images. The p-value, mean, and Wilcoxon signed-rank test between the pre-test and
post-test were computed by the author using this data. Students' academic performance
increased as a result of the visual method. In their study, Bakhmat et al. (2019)
investigated how visualization affected themes related to probability and statistics. For
their investigation, they employed the visual coding approach. The following
categories of visual coding were suggested by them:

o tree of probabilities

e traditional table

e graphs

Development hypotheses will be included in every branch of the likelihood tree.

This is comparable to Novikova and Vlasova's study's tree principle (2022). In other
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words, more details permeate the branches from the core subject. Word problems are
easier to categorize and more compact in the traditional table. Graphs can also be used
to derive sophisticated algorithms. They stated that these approaches enhance students'
comprehension of the problem. Students contended that by completing the table, they
improve their cognitive activity and functional literacy. Yumova and Garmayeva
(2024) employed gamification methods used their study, but they also employed tables
and diagrams to address problems. They discovered that the problem was modeled
through visualization. Students' use of tables therefore raised their level of cognitive
effort. Research on elementary school students was carried out by Provalova (2022).
She examined an experiment word problem by using visuals. A sheet of paper
containing visual diagrams was handed to each student. Information was presented as
an image or learning model using visualization. Students improved their preliminary
diagrams and demonstrated the connections between the data with the teacher's
assistance. Students were better able to comprehend and differentiate mathematical
ideas because of visual modeling. Novikova and Vlasova (2022) investigated the
aforementioned visualization types (radial, tree-like, tabular, and mind map) on
students aged 13 to 14. Both experimental and control groups participated in the study.
Initially, with a teacher's help children worked with pre-made radial or different types.
Subsequently, the method of doing research got more intricate. In other words, they
filled it out and put it together themselves. Students were then able to choose and
recognize the various types on their own. The methodical application of methods of
visualization has been shown to be a useful tool for producing meta-subject outcomes
and has a good impact on the development of students' cognitive, regulatory, and
communication abilities. Additionally, Ochkov et al. (2022) employed animation and
visualization to address problems raised by high school students. Students used
graphical ways to simplify the problem after first failing to solve it using symbolic
methods. The study also made use of a variety of methods of visualization. They
located the precise root using techniques like root portraiture. It has been demonstrated

that students' critical thinking, quicker and more effective problem-solving,
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motivation, and enthusiasm in learning all improved. An experiment on graphic
modeling for students in elementary schools was carried out by Kokoreva and Vendina
(2020). They used actual photos, sketches, schematic diagrams, and problem
flowcharts to conduct their investigation. Throughout the experiment, the teacher used
flowcharts to convey the material, asked questions to evaluate it, and chose
mathematical operations. Students' visual representations made the problem's content
comprehensible as a consequence of the study. Additionally, the procedures were
chosen based on the problem's circumstances. By making flowcharts, they discovered
how to address non-standard situations with ease. Teaching strategies in grades 5 and
6 were examined by Danilenko and Reshetnikova (2022). G.V. Dorofeev et al., S.M.
Nikolsky et al., S.F. Gorbov et al. (the developmental teaching system—the Elkonin-
Davydov method), and N.Y. Vilenkin etal. (the commonly used conventional
technique). Lastly, G.V. Dorofeev observed that modeling is included in the textbook,
albeit in tiny amounts, whereas Vilenkin and Nikolsky, who teach using conventional
technique, discovered that modeling is frequently used just as an illustration with no
explicit assignments for constructing models. It was discovered that the bulk of
exercises (up to 60%) in Gorbov's developmental approach textbook are focused on
working with models and their interpretation. A knowledge gap among teachers was
also discovered throughout the investigation. In other words, teachers frequently create
the model (diagram) themselves, which prevents the model from serving as a tool for
students' autonomous thought. In her research, Safonova (2000) provided a table
detailing the abilities that students in grades 1-8 need have to solve word problems.
She turned at how geometric models are used. Actions including creating questions
based on a diagram, filling up a table of functional connections between values, and
choosing an equation or diagram that fits the problem's conditions were among the
variables taken into consideration. It was discovered that middle school students do, in
fact, struggle with word problem solving. Additionally, the use of geometric models
into arithmetic and algebraic methods produced favorable outcomes. Students should

be able to draw, add, subtract, and utilize line segments as quantities in calculations
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when using one-dimensional diagrams (segments) as part of the geometric method. to
use line segments to create equations. Students in grades 1-6 should possess abilities
on above. The ability to depict the product of numbers (such as the product of speed
and time-distance) as the area of a rectangle, which is regarded as a talent in grades 5—
8, should be present in the form of two-dimensional diagrams. Additionally, the
following graph-based abilities should be present: creating a coordinate system,
producing graphs of linear functions, and locating their points of intersection, which is
regarded as a talent in grades 6-8. Problems are provided orally in grades 5 and 6,
along with a graphical representation. Additionally, they come with a thorough chart
or diagram for examination (Golovanova, 2016, as cited in Nevostrueva & Ruzanova,
2021). Nevostrueva and Ruzanova (2021) contend that students should be proficient in
both arithmetic and algebraic methods. Additionally, the research indicates that
avoiding frequent errors made by students when calculating the “remainder” using
diagrammatic drawings and offers examples of how to answer the same problem using
two distinct approaches (arithmetic and algebraic). In this case, logical difficulties were
solved using the method of removing impossible possibilities by appending "+" or "-"
marks to a table. While recognizing the "mental-economic™ benefit of the algebraic
approach, Nevostrueva and Ruzanova (2021) emphasize the significance of the
arithmetic approach in fostering students' linguistic abilities and methodical reasoning.
Seven algorithms were put up by Kochurova (2018) to address word problems.
Visualization methods were one of these. Below is a summary of the seven algorithms:
e step 1: Reading the content is the first step. Being able to comprehend the
content efficiently is crucial at this point. The only way to see the following
stages, she said, is to pay close attention to every word and phrase.
e step 2: Ascertain what is known. Understanding the relationship between the
condition and the inquiry is crucial at this point.
e step 3: Visualizing the problem is the third step. In other words, the capacity

to visualize the problemis crucial to comprehending it completely and
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coming up with answers. Additionally, if students visualize themselves as a
part of the problem, that is, within the problem, they will be more productive.

e step 4: Modeling is the fourth step. At this point, a diagram, sketch, table, or
other succinct explanation of the problem must be created. According to
Kochurova (2018), building a model in this manner is the first a bit analysis.

e step 5: Specifying the order of operations. At this point, reasoning occurs and
a solution is found using the model built in the fourth phase.

e step 6: Explaining the answer. The solution is justified in this phase. Students'
capacity to verify if something is correct is enhanced by this.

e step 7: Testing the answer is step seven. They just put the solution into

practice and test it in this phase.

2.3.1 Examples of problems using visualization and analysis of their
effectiveness

It is important to note that there are several approaches to solving word problems,
including arithmetic, algebraic, graphical, and geometric (Zhuravleva and Smirnova,
2019). This is evident when examining certain research that used methods for
visualization to answer word problems. Algebraic questions, or word problems
requiring the construction of equations, are also common in sixth grade. Let's now
examine the visualization of word problems by Zhuravleva and Smirnova (2019). The
problem is as follows: At 25 km/h and 35 km/h, respectively, two visitors from two
separate places set out to meet. The cities are 240 kilometers apart. How long will it
take for the visitors to get together? Put another way, motion and speed determine the
kind of problem. Arithmetic, algebraic, and graphic approaches are used to describe

this topic. The graph is displayed here since the method of graphics is visible.
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Figure 2.3.1.1. Distance-Time Graph of the Motion Problem
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Note. The graph illustrates the intersection point representing the meeting time and

distance of the two objects.

Travel time (in hours) is represented by the horizontal axis of a rectangular
coordinate system, while distance (in kilometers) is represented by the vertical axis.
Each visitor's movement is shown on the graph. The first visitor’s mobility function is
y = 25 - x, whereas the second visitor’s is y = 240 — 35x. The moment at which the
hikers meet is shown by the graph's intersection, which is 4. For trainee teachers, Gusev
and Bataeva (2020) provide examples of how to employ visual aids in a word problem
for grades 5-6. The problem was as follows: Vitya weighed 47 kg, Nina weighed 41
kg, Tanya weighed 28 kg, Yura weighed 25 kg, and Sasha weighed 36 kg. This
challenge was created specially to show how to utilize a diagram. Each student's weight
was represented by a rectangle, and one kilogram was represented by a rectangle that
was one millimeter long. Yura's weight was represented by a rectangle that measured

25 mm in height, Sasha's 36 mm, Tanya's 28 mm, Vitya's 47 mm, and Nina's 41 mm.

Figure 2.3.1.2. Bar Chart Representation of Students' Weights

50

40

30

20

10

0

Source: Adapted from Gusev and Bataeva (2020).
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This diagram allows students to respond to a variety of queries, including who
weighs the heaviest, according to the Gusev and Bataeva (2020). On the circumstances
below, an automobile covered 980 kilometers in three days. It traveled 725 kilometers
on Friday and Saturday. How many kilometers did the automobile go on each of these
days if it went 123 kilometers more on Saturday than on Sunday? The coordinate
method was employed by Gusev and Bataeva (2020) to solve the problem. In other
words, they used point O, which represents the car's starting distance, as the ray's origin
and the ray's direction as the car's moving direction. Following the drafting of line
segment OC, which represents the car's three-day journey distance from point O, they
drew line segment OB, which represents the car's Friday and Saturday travel distance
of 725 kilometers. The distance traveled on Sunday, approximately 255 km, is
represented by the resultant line segment BC. Upon closer inspection, it is evident

that traveled 378 kilometers on Saturday and 347 kilometers on Friday.

Figure 2.3.1.3. Line Segment Diagram for Distance Calculation

980 kM

)

725 kM

Source: Adapted from Gusev and Bataeva (2020).

According to the Gusev and Bataeva (2020), the following actions should be
considered while utilizing the coordinate method to solve word problems:

e students should be taught a variety of techniques for determining the

coordinate axis's origin and direction;

e when using the coordinate axis, select a unit segment.

Rudenko (2020) offered many answer steps and demonstrated how to use an
algebraic method in a table. The problem involved purchasing 30 kilograms of apples
and pears for 5120 rubles. A kilogram of apples costs 180 rubles, whereas a kilogram

of pears costs 160 rubles. What is the cost of one kilogram of apples and one kilogram
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of pears? Firstly, to solve the problem, you had to comprehend the information
provided and record it as follows:

e One kilogram of apples costs 180 roubles.

e 160 roubles for one kilogram of pears

e 30 kilos and 5,120 roubles in total.

Question: How many kg of apples and pears were purchased?

Secondly, finding the unknowns and the information provided. For instance, x
kg represents the quantity of apples, whereas (30 — x) kg represents the quantity of
pears. Thirdly, equating equal quantities. Fourthly, establishing an equation. Fifth,
solving the equation. Sixth, verifying the equation’s solution. Seventh, write down the
response. It was also mentioned that a table might be used to display each of these

steps.

Figure 2.3.1.4. Tabular Representation for Constructing a Linear Equation

Ilena Komuuectso CTOMMOCTE VpasHeHne
S16noku 180 py6 X KI' 180x 180x = 160(30 — x)
pymumn 160 py6 (30 — x) kr 160(30 — x)

Source: Adapted from Gusev and Bataeva (2020).

Although producing a representation might be thought of as an illustration of the
problem, it is uncommon to not only write down the supplied content but also to
illustrate it. As a result, a problem becomes more dynamic and visible (Nevostrueva &
Ruzanova, 2021). This problem is demonstrated by Nevostrueva and Ruzanova,
(2021): At the same time, two trains depart from two cities that are 495 kilometers
apart and travel in the same direction. Three hours later, they get together. What is each

train's speed if one is 5 km/h faster than the other?

Figure 2.3.1.5. Schematic Diagram of Trains Moving in the Same Direction
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Source: Adapted from Gusev and Bataeva (2020).
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Drawing the problem statement in this format, i.e., drawing an illustration, allows
you to clearly understand the relationship between the data and the desired solution
and aids in identifying one of the problem's critical conditions that caused the most
difficulty in solving it (Nevostrueva & Ruzanova, 2021). Furthermore, the table aids
in the solution of non-standard or logical problems, as demonstrated by the following
problem explanation: "Korneev, Dokshin, Mareev, and Skobelev are citizens of our
city; their vocations are baker, doctor, engineer, and policeman. The policeman is older
than the doctor and the engineer, and the baker always walks to work. Dokshin and
Korneev are neighbors, and Korneev always beats Skobelev at table tennis. Determine

who does what".

Figure 2.3.1.6. Logic Grid for Solving a Profession Deduction Problem

ITekaps Bpau Wnxenep Munuuuosnep

KopHeesn +

JloKImuH +

Mapees

I + || I

Ckobenes +

Source: Adapted from A. A. Nevostrieva and B. B. Ruzanova (2021).

According to Nevostrueva and Ruzanova, (2021), putting minus marks on

pairings of impossible items in the table indicates that can solve the problem.
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3. METHODOLOGY

3.1 Research design

The use of visualization to make a support tool sixth-grade students solve word
problems was the focus of a research. This study used the use of quantitative method.
The quantitative method was also used in the investigations of Ozkan (2018) and Abate
et al. (2022). Using this quantitative method, Kusuma and Retnawati (2019) also
studied sixth-grade students. The quantitative method was selected based on these
researchers' findings. One-group pretest-posttest design is the method used in this
research. Instead of grouping students, Ayten Ozkan (2018) used a broad exam to
gauge their proficiency. As a result, there are no experimental or control groups in this
research, and every group underwent the same experiment using the same
methodology.

Participants. Students in the sixth grade at secondary school No. 148 in the
village of Bidaikol, Shieli district, Kyzylorda region, participated in the educational
experiment for this research. Thirty students took part in the experiment. These
students were chosen by convenient sampling and were selected from two sixth-grade
classes. Although convenience sampling seeks to reduce time, money, and manpower
losses, it was selected (Buylkoztiirk, 2009, as cited in Ozkan, 2018). Students between
the ages of 11 and 12 who were learning linear equations and inequalities took part in
the experiment. Students in this grade should employ visualization to solve word

problems, according to Gusev and Bataeva (2020).

3.2 Informed consent and confidentiality

In order to adhere to the research's ethical guidelines, each participant's parents
were informed about the research and had their signatures taken. Additionally, the
school's administrative stamp was attached and approval was granted by the
administration. This was done in order to protect the student's and parents' privacy.
This is compliant with international research ethics' "Anonymous consent" standard.

Throughout the study, no student's identity will be disclosed; instead, they will be

o1



categorized as student 1. The goal of this study was to see how much the visualization
approach improved the students' ability to solve word problems rather than to assess

the students' uniqueness.

3.3 Data collection instruments

Students were required to provide honest answers to ten pretest and posttest
questions in this research. In his research, Ozkan (2018) also created a pretest with ten
questions. Thirty students took the pretest throughout the first week, from February 9
to February 13, 2026. Beginning the next week, from 16.02.2026 to 16.03.2026,
students were given practical applications and demonstrated how to use visualization
to address word problems related to each topic. All 30 students who took part in the
experiment responded to posttest questions on March 18, 2026. During the students'
ten-day break, all pretest and posttest results were reviewed. To verify it, a unique
descriptor was developed. The following four-level descriptors have been created in
order to statistically examine and objectively evaluate student performance in

Appendix D

3.4 Validity and Reliability

Validity of pretest and posttest questions. In terms of content validity, pretest
questions were developed based on chapters 4-5 of the 6th grade textbook written by
T. A. Aldamuratova, K. S. Baisholanova, and E. S. Baisholanov. Furthermore, the
school practice and dissertation supervisors accepted all these queries. Every pretest
question was chosen from sixth-grade problems found in academic journals that were
included in the literature review. Problems 1, 3, 5, and 8 are derived from the Sarkulova
and Omarbaeva (2025) article. The purpose of their piece, which was published in
Kazakh, was to assess the word problem-solving skills of aspiring educators. The
article by Nevostrueva and Ruzanova (2021) is the source of problems 2 and 4. They
included word problems for grades 5-6 in the article. Task 6 is derived from
Chilingaryan's (2017) article. Additionally, he supplied linear equation construction

questions for these sixth-grade students in his article. The Batyrbayeva et al. (2024)
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article is the source of tasks 7, 9, and 10. The posttest questions are a modified version
of the pretest, which means that they are measured using comparable metrics while
maintaining the pretest's content. The fact that the pretest and posttest questions were
created with Bloom's taxonomy levels in mind further supports their validity. In other
words, two primary criteria were used to choose the problems from the articles. In other
words, the first is connected to the subject matter that sixth graders are studying, as
was already indicated, and the second is that they match the levels of Bloom's
taxonomy. Bloom's taxonomy's remembering level is the first problem. Since pretest
and posttest questions are included in Appendices A and B. The first question there
required the student to recollect formulas and facts that they previously knew. In other
words, fundamental operations like converting kilograms to grams are carried out.
Additionally, the second problem involves understanding Bloom's taxonomy at the
second level. Because the student must comprehend the problem and identify a
mathematical model to solve this problem. In other words, the student is aware that
he must deduct the specified weight from the overall weight. The Applying level
includes the third and fourth problems. Due to the student applies the method they have
learned - calculating utilizing inverse operations or formulating an equation - in a
particular problem. The analyzing level includes the fifth and sixth problems. This is
since creating a single basic equation is insufficient for solving the problems. A
complicated structure must be divided into its component elements by the student. In
the butter problem, the student constructs and evaluates a logical link between weight,
price, and cost; in the train problem, the relationship between speed, time, and total
distance is examined. The evaluating level includes the seventh and eighth problems.
This is why the student develops a novel solution by combining many rules. For
instance, the student integrates number theory (the idea of an "even number") with the
perimeter calculation for one aim in problem 7. In problem 8, the student builds a
sophisticated motion model by combining the circumstances for late departure and
overtaking. Additionally, the ninth and tenth problems are at the creating level. After

all, the student does more than simply compute, find the solution, synthesize, and do
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research. In other words, problem 9 determines which car can pass by comparing
millimeters to meters. They optimize, select the most effective (least traveled)
alternative, and provide a rationale for their decision in problem 10. Pretest questions
are more than just computation-focused puzzles. Rudenko (2020) states that students
start using the algebraic method to solve problems in grades 5-6. As a result, the
problems were made up that need to be calculated visually and may be answered by
developing equations.

Reliability of pretest and posttest questions. To evaluate the pretest's reliability,
a pilot study was carried out. Ten sixth-graders who did not take part in the experiment
were chosen for this investigation from a parallel class. The practice supervisor chose
these students based on their quarterly grades. This indicates that the heterogeneous
sampling approach was used in the selection process. In other words, students in the
experiment's participating classes were leveled. These ten students were divided into
three categories: low achievers (those who studied with three), ordinary achievers
(those who studied with four), and high performers (those who studied with five). This
was done to confirm that the examination is appropriate for students of all skill levels
and to see whether it can be accessed by students of all skill levels. The visualization
method may be utilized to help low achievers comprehend the problem's content and
assess how effectively high achievers can come up with a strategic solution, according
to the hypothesis of Hadi and Csikos (2025). Students who took part in the pilot test
had their findings assessed using 0 and 1 points. In other words, one point is awarded
for a right response and zero points for a wrong one. Ozkan et al. (2018) employed
IBM SPSS 23 software as part of their evaluation procedure. The students' names were
coded in the table below to assess the outcomes. This systematic coding process was
essential to ensure the complete anonymity of the participants, thereby maintaining the

ethical integrity of the research and preventing any potential bias during data analysis.

54



Table 3.4.1. Coded Student Responses and Term Grades for Evaluation

Student Term

Ne  grades Ql Q2 Q3 Q4 Q5 Q6 Q7 Q8 QI Q10

e

P OO~NOUTAWN R
WwWwhDMDMDMOOIOTO
OCOO0ORRRERERER
OCOO0ORRFRPRORRRERE
OCOrRPOORORRPR
OFRPO0OO0ORRFRORR
POOREFPORRFLROPR
OCORORRPRORREPR
OFRPORPROORORBEK
OCOO0OORRPRRERRELREO
OCORRFRPROFROROR
OO0 O0OO0OOR R

Students 1, 2, and 3, who performed well, scored 8-9 points. Additionally,
students who performed on average Ne 4,5,6,7 scored between 4 and 7 points. This
indicates that there is a large variance in the students outcomes. This demonstrates
that average-performing students are capable of doing well on this pretest. The
remaining underachievers received scores ranging from one to three points. These low-
performing students can respond to basic pretest questions based on their responses, or
the outcomes. Cronbach's alpha was computed from these test data using Python code.
The resulting Cronbach'’s alpha coefficient is 0.711, which exceeds the threshold of
0.70. This indicates that the test is reliable and suitable for measuring the mathematical

problem-solving skills of 6th-grade students.

3.5 Lesson structure

Students in the sixth grade participated in a one month study on the application
of methods of visualization to word problem solving. The novelty of this method is
that, according to Kaskatayeva and Khasanova (2024), students' primary concern is
being able to comprehend word problems with ease and use it as a bridge to the
algebraic method. In addition to using the visualization method to display visuals,
students were also able to envision and readily construct algebraic equations in their
heads via the problems that were presented in the form of tables, graphs, diagrams,

scales, etc. The algorithm for solving word problems was based on the findings of
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Andriyanova (2024) and Kochurova (2018), and it included the following four basic
stages:

o first, read the supplied problem and identify it. That is, you must determine

what is and is not offered. As Asanbayeva and Tagybergen (2025)
demonstrate, the student must answer the following questions: What is the
essence of the problem? What are we aware of? What information is needed?
What information is unknown? The unique aspect of this step is that no
numerical computations are performed,; all that is required is an understanding
of what is presented.

¢ inthe second stage, the student applies the visualization method. At this point,

students turn the problem into a structural similarity visualization. Depending
on the sort of difficulty, students should visualize cuts, illustrations, schemes,
diagrams, and so on in their notebooks with the teacher's supervision.

¢ in the third stage, these visual models should be mathematically represented.

That is, students should apply the algebraic method to create an equation.

e finally, they assess their outcomes.

They compare the outcomes to the problem's conditions and determine their
correctness. Students pose questions like, "How did our drawing (scheme) help them
solve the problem?" and share their responses. This will help them improve their
metacognitive skills and comprehend the value of visualizing. Thanks to the
visualization method, students can overcome the problems of memorizing the solution
to the problem and achieve the level of being able to imagine it in their thoughts. They
will comprehend the significance of each mathematical operation they complete. The
Appendix contains the short-term plan for the sixth-grade courses, which was
developed by incorporating the visualization method into the word problems, written
on above these four stages were implemented during the experiment. First, now
examine a sample word problem from that short-term plan.

Condition of the problem: A rectangle's side AB is 8 cm longer than its side BC.

The lengths of the two sides will be equal if side AB is extended six times and side BC
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is extended ten times. Determine the side AB's length. Let's use the four steps
mentioned above to address this problem: First, identify the unknown quantities. Since
the long side AB is 8 cm longer than the short side BC, it is represented as x + 8 (cm).
Next, we must develop a visual model. We shall now illustrate this problem using a
scale. We should attempt to balance the two sides of the scale using the equality
criterion. In other words, side AB is positioned on the left end of the scale after being
extended six times. Student’s picture this as six cubes with a total weight of forty-eight
(6 - 8). The scale's right end represents a 10-fold extension of BC, or 10x cubes. The
mathematical formula provided by the visual model is 6x + 48 = 10x. In order to
maintain this equilibrium, students visually remove six cubs. To right side of the scale
in the third level. At that point, 4x is still on the right side of the scale while 48 is still
on the left. Students now determine how many x substitutions will add up to 48. In
other words, they comprehend the equation's primary goal through visualization.
Fourth, students review the final response. They also talk about the benefits of mutual
vision. The image below illustrates how the visualization method was used to measure

this problem using a scale.

Figure 3.5.1. Visualization of the Equation Using a Balance Scale
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Source: Compiled by the author.

Problem 840: A car departs town A, travels at 50 km/h, and arrives at town B on
time. The car will arrive in town B one hour ahead of schedule if it accelerates by 10
km/h. What is the distance in kilometers between towns A and B? We first identify the

unknowns and the knowns in order to tackle this challenge. In other words, we use t to
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represent the car's time. Additionally, we use S = 50t to represent the separation
between A and B. In the second stage, we use visualization to build the equation. The

visualized Python animation below is used to create the equation.

Figure 3.5.2. Python Animation Illustrating the Catching Motion Problem

MaTiHAiK ecen: Kybin XXeTy KO3FaNbiCbl
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1l-asToMObMAL XypAi: 139 KM
2-aBToMobuMNb XypAai: 29 KM

e 1-3BTOMOGWNL (60 KM/CaF)
w— 2-3BTOMOGUAL (30 KM/CaF)
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KalbIKTbIK (KunomeTp)

(O Once @ Loop O Reflect

Source: Developed by the author using Python.

Students will develop an equation pertaining to the catching motion after
watching this animation. The equation 50t = 60(t — 1) will be solved by them.

Problem 845: The grandfather is 58 years old; his son is 32, and his grandchildren
are 7 and 11 years old. How many years will it take for the grandfather's age to match
the total of his son's and grandchildren's ages? We shall employ the tabular-graphical
model from Safonova's (2000) and Subbotkina's (2020) research to address this
problem. The dynamics of the pupils' yearly age growth must be explained to them
before this problem is reduced to an equation. In other words, his children gain three
years if the grandfather gains just one. We illustrate this dynamic using the Desmos
program. The graphical approach enables students to understand the dynamic
relationship between distance, speed, and time by converting abstract numerical data

into a visual representation.
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Figure 3.5.3. Graphical Solution of the Age Problem Using Desmos

Source: Developed by the author using Desmos.

Students will discover that the two lines are at the position x=4 when examining
the graph.

Problem 863: Sound travels at a speed of about 330 meters per second in air. In
water, sound travels the same distance in 0.44 seconds as it does in 2 seconds in air.
Determine the sound speed in water and contrast it with the sound speed in air.
According to Safonova's (2000) two-dimensional diagram method to tackle this
problem. In other words, students draw a rectangle whose width equals velocity (v =
330m/s) and whose length equals time (t = 2 s) to depict the first movement in the air.
The distance traveled is represented by the area of the rectangle (s = 330 - 2). They
then draw a second rectangle with a shorter length (t = 0,44 s) and an unknown width
(x m/s) to depict the movement in water. s = 0,44x is used as its area. Students will
equate 330 - 2 = 0,44x as follows, knowing from the Python graphic below that the

two rectangles are congruent.
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Figure 3.5.4. Visual Comparison of Congruent Rectangles Representing Movement
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Source: Developed by the author using Python.

Problem 879: On the first day, a turner produced x parts, and on the second day,
y parts. Determine how many more pieces the turner produced on the first day
compared to the second if x > 120 and y < 100. To fix this problem, a table will be
utilized. The Figure below shows that the difference between x and y is always more
than 20.

Figure 3.5.5. Tabular Representation of the Algebraic Model for Pattern Recognition

3anabinsiK: Kectened 6ainkaraHbiMbi3flain, anbipMa (X - y) epKawaH 20-aaH ynKeH.
KopbeIThiHAL anrebpansik Mogens: x - y > 20

Source: Compiled by the author.

Every course employed this kind of presentation and visualization of different
word problems. Students' knowledge was broadened and their ability to think
independently may be enhanced by presenting them using various visualization
techniques. Most significantly, visualization in the lesson plan was utilized directly as

a cognitive tool for creating algebraic equations and demonstrating mathematical laws
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rather than just serving as a visual aid. A final posttest was administered to all
participants at the conclusion of the course cycle in order to objectively assess the
degree to which students had mastered such visual-mathematical modeling skills and
the overall efficacy of the suggested methodology. The results of the pretest and
posttest, along with their conclusions, are analyzed mathematically and statistically in

the next section.
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4. ANALYSIS AND RESULTS

Throughout the experiment, the scientific hypothesis was tested and the
quantitative data (pretest and posttest scores) was processed using statistical and
mathematical analysis methods. The unique Microsoft Excel product "Data Analysis
ToolPak™ and the Python programming language (Matplotlib, Seaborn libraries) were
used for data processing and computation. The whole data was processed using
descriptive statistics, inferential statistics, and normality testing. The findings of the
pretest and posttest results were compared to determine how the visualization method
affected the performance of 30 students who took part in the study. The students’ paired
t-test was employed for statistical analysis of the findings. The pretest and posttest were
compared with the constant sample since the sample remained unchanged.
Additionally, the bell-shaped graph below demonstrates that the distribution is normal.
The distribution regularity of the gathered data was examined to choose the appropriate
statistical criterion. The data was found to follow a normal distribution after a
histogram was made and the normal distribution curve (Bell curve) was visually
evaluated. The Central Limit Theorem indicated that the sample size (N > 30) was
enough, hence parametric statistical techniques were used for analysis. Additionally,

the Python library was used to plot the data below.

Figure 4.1. Normal Distribution and Histogram of Pretest and Posttest Results
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Source: Developed by the author using Python.
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The MS Excel program's "Data Analysis" feature was used to carry out the
computations. The mean (u) and variance (s2) were computed to evaluate the dynamics
of changes in the overall educational level of research participants (N=30). The Table

below shows them.

Table 4.1. Comparison of Mean Scores and Variances Between Pretest and Posttest

Type  Number of students Mean Variance
Pretest 30 14.37 23.21
Posttest 30 15.87 23.29

The table demonstrates that students' pretest average score was u = 14.37, while
their posttest average score improved to u = 15.87 when the suggested visualization
method was incorporated into the learning process. The proximity of variance markers
23.21 and 23.29 suggests that students' understanding in the groups follows a normal
distribution. These findings are now shown separately in the Appendix. To compare
the variation in students' mean scores between the pretest and posttest periods, a paired-
samples t-test was selected. When comparing the outcomes of the same group at two
distinct times (before and after experiment), this criterion is the best approach.
The error threshold for educational research, a = 0.05 (i.e., 95% confidence interval),
was used in all statistical computations. To ascertain the degree of correlation between

the two measurements, Pearson's correlation coefficient (r) was also computed.

Table 4.2. Paired-Samples T-Test Results for Pretest and Posttest Averages

Variable M SD t df p
Variable 1 15.87 4.83 5.74 29 <0.001
Variable 2 14.37 4.82

Note. M = Mean, SD = Standard Deviation. The t-statistic evaluates the difference
between Variable 1 and Variable 2. p <0.001.

63



A paired-samples t-test was conducted to evaluate the effectiveness of the
applied teaching methodology on students' problem-solving competencies. The
analysis revealed a statistically significant increase in students' scores from the pretest
(u =14.37, s? = 23.21) to the posttest (u = 15.87, s? = 23.29), 1 (29) =5.74, p <0.001.
Additionally, a strong positive correlation between the pretest and posttest scores (r =
0.96) indicates a highly consistent pattern of growth among the participants. Findings
robustly confirm that pedagogical intervention had a significant and positive impact on
improving students' solving the word problems using visualization methods.

To further evaluate the practical significance of the visualization method, the
effect size was calculated using Cohen's d. The computation was performed using the
Python programming language. Based on the descriptive statistics-specifically the
pretest variance (s? = 23.21) and posttest variance (s? = 23.29) - the pooled standard
deviation (SDpooled) was calculated to be 4.822. Subsequently, Cohen's d was

determined by comparing the pretest and posttest means (M, = 14.37, Mpose =

15.87). The resulting Cohen's d value is 0.311. According to standard interpretation
guidelines, this value indicates a small-to-medium effect size. This confirms that the
short-term pedagogical intervention utilizing visualization tools had a positive,
observable practical impact on improving the 6th-grade students' word problem-
solving skills, complementing the statistically significant results obtained from the
paired-samples t-test.

The study's second question was to demonstrate that students’ modeling abilities
have improved. To answer this question, students' pretest and posttest 10 problems
were evaluated using the assessment descriptor for each question. It was determined
that if 30 students answered 10 problems, there would be 300 answers, so the following

chart was generated using Python code in Google Colab.
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Figure 4.2. Distribution of Assessment Scores for Pretest and Posttest Responses
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Source: Developed by the author using Python in Google Colab.

The depicted Figure 4.2. shows that many students had low pretest results. That
is, 0 points for 25 answers and 1 point for 125 answers were assigned. This suggests
that prior to the experiment, students struggled to transform word problems into a
structural representation. However, after including visualization methods into the
learning framework, the posttest findings revealed a considerable and genuine increase
in students' structural modeling abilities. The 2-point category showed the most
positive dynamics, which means that the problem's model diagram is totally right but
there are minor arithmetic problems. That instance, the indication for this category
increased from 144 to 166 responses on the pretest. At the same time, the number of
answers worth three points rose from six to ten. And the number of replies with no
answer or all mistakes fell by 2.5 times, from 25 to 10. The dynamics of the mass
transition from low 0 and 1 points to average 2 points clearly demonstrate
quantitatively that the visualization method, i.e., tables, diagrams, the scale method,
and visual interpretations, is a very effective pedagogical tool for correctly and
competently teaching the mathematical model of word problems to 6th grade students.
That is, these students make fewer arithmetic errors while improving their ability to

analyze the problem circumstances and create a model.
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5. DISCUSSION AND CONCLUSION

The primary goal of the study was to objectively analyze the influence of
visualization tools on sixth-grade students' ability to answer mathematical word
problems. The statistical analysis revealed a substantial rise (p<0.001) in the pretest
(M=14.37) and posttest (M=15.87) indices. This positive dynamics demonstrates the
direct usefulness of the visual modeling tools utilized in the experiment. Furthermore,
the practical magnitude of the intervention is explicitly demonstrated by the calculated
Cohen's d value of 0.311. In the context of educational experiments, this small-to-
medium effect size provides critical depth to the discussion. It indicates that while the
pedagogical intervention lasted for only one month, it generated a meaningful and
observable cognitive shift in how sixth-grade students structurally represent
mathematical relationships. This moderate effect size perfectly reflects the objective
educational reality highlighted by Kusuma et al. (2019), which suggests that while
visualization tools successfully mitigate text comprehension and conceptual modeling
barriers, they cannot immediately remediate deep-seated mechanical or arithmetic
calculation errors. Therefore, Cohen’s d result robustly confirms that visualization
serves as an effective cognitive bridge for translating word problems into equations,
even though baseline computational fluencies require more prolonged developmental
time.

First, students demonstrated a reduction in cognitive burden on abstract
information processing, which is a significant barrier to addressing word problems.
This discovery is directly congruent with the findings of Novikova and Vlasova (2022).
That example, their research showed that after applying the visualization approach,
students dramatically increased their capacity to arrange word problems and convert
them into symbolic expressions. Instead of being terrified of large texts, students learnt
to break down the problem and convey it as a graphic or table.

The second study question glanced at how much students improved their
structural modeling skills (on a scale of 0 to 3). After reviewing all 300 replies during

the trial, it was discovered that many students improved from 0-1 to 2 points (creating
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a valid structural model). This phenomenon is addressed by Hadi and Csikos (2025):
they found that just sketching an illustrative image does not disclose the meaning of
the problem, however developing a good "schematic visualization” immediately aids
in the construction of a mathematical equation. The "scale model™ and 2D graphics
utilized in our experiment helped students understand the connections between
variables.

According to Kaskatayeva and Khasanova (2024), the most challenging
transition for students in grades 56 is from simple arithmetic to complicated algebraic
procedures. Visualization served as an effective "bridge” in this transformation.
Students were able to effectively utilize Andrianova's (2024) four-step problem-
solving process by developing drawings and tables (understanding the theory, drawing
a picture/diagram, creating an equation, checking the result). Gusev and Bataeva
(2020) shown that geometric drawings and diagrams make it much simpler to
comprehend the substance of a problem than dry logic.

However, the lack of a significant rise in the proportion of students who obtained
all three points on the posttest reflects the age features of sixth graders. As Kusuma et
al. (2019) demonstrated, even when students fully comprehend the problem's condition
and structure, mechanical mistakes occur while working with components or owing to
inattention. This establishes the objectivity of our investigation. That is, while
visualization removes all barriers to understanding and modeling problems it cannot
immediately replace basic arithmetic calculation abilities.

In conclusion, the hypothesis proposed at the start of the study was fully
confirmed: the use of visualization tools successfully increases the correctness of word
problem solving and modeling abilities in sixth grade students. Visualization
techniques turned students from “passive listeners” who memorized ready-made
formulae to "active researchers" who autonomously built mathematical models. This
pedagogical technique is completely congruent with the national orientation of
Kazakhstan's President, K. Tokayev, to eradicate dry memorization from the

educational system and increase students' logical and functional literacy levels.
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Based on the findings of this study, the following suggestions are offered to math

teachers:

e Begin tackling word problems using schematic and structural visualization
(drawings, sections, diagrams) rather of writing algebraic equations right
away.

e Students must build a realistic mathematical model that demonstrates the link
between quantities, not merely an illustrative visual.

e Prior to remembering mechanical rules, use a scale model and tabular
approaches to expose the physical and geometric meaning of equations.

Building upon the findings and addressing the limitations of this study, several

directions for future research are recommended:

e Experimental design with a control group: Future studies should employ a
quasi-experimental or true experimental design that includes both control and
experimental groups. This would allow researchers to isolate the effects of
visualization tools and directly compare them with traditional arithmetic or
algebraic methods.

e Larger and diverse sample sizes: Since this study was conducted with a
convenience sample from a single secondary school in Bidaikol village,
future research should include a larger, randomized sample encompassing
multiple schools. Comparing urban and rural educational settings would
provide a broader understanding of the method's generalizability.

e Longitudinal studies: The pedagogical intervention in this research lasted for
one month. Conducting longitudinal studies over a full semester or academic
year would help determine whether students retain structural modeling skills
and if their cognitive reliance on visualization

e Expanding the mathematical scope: This study focused on 6th-grade students
learning linear equations and inequalities. Future researchers are encouraged

to explore the efficacy of visualization strategies across other grade levels
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and more complex mathematical domains, such as probability, statistics, and
advanced geometry.

e |Integration of digital visualization tools: Given the successful demonstration
of tools like Python animations and Desmos in explaining complex
mathematical models, further research should specifically investigate the
cognitive differences between using dynamic digital visual aids versus
traditional paper-and-pencil schematic diagrams.

In conclusion, we can certainly state that the visual modeling approach is the

most successful pedagogical tool for maximizing complicated concepts in current

mathematics teaching while also raising student interest in the subject.
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6. LIMITATIONS

While this study provides valuable insights into the effectiveness of visualization
tools for solving mathematical word problems, several limitations must be
acknowledged.

o First, the study utilized a relatively small sample size consisting of 30 sixth-
grade students. Furthermore, the participants were selected using a
convenience sampling method from a single educational institution,
Secondary school No. 148 in the village of Bidaikol. This restricts the
generalizability of the findings, as the results may not fully represent the
broader, more diverse student population across different urban, regional, or
cultural contexts.

e Second, the research employed a one-group pretest-posttest quantitative
design, meaning there was no control group included in the experiment.
Although the paired-samples t-test demonstrated a statistically significant
improvement in students' posttest scores, the absence of a control group
makes it challenging to definitively isolate the visualization intervention as
the sole variable responsible for the improvement. External educational
factors or regular maturation over the study period could have partially
influenced the outcomes.

e Third, the pedagogical intervention was conducted over a relatively short
duration of one month. While short-term gains in structural modeling skills
were clearly demonstrated, longitudinal study would be required to determine
whether students retain these visualization strategies over an extended period.

Finally, the scope of the mathematical content was primarily limited to word
problems involving linear equations and inequalities tailored for sixth graders. The
applicability and effectiveness of these specific visualization techniques in other

abstract mathematical domains require further investigation.
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LIST OF APPENDICES

Appendix A — a pretest of the level tests

IIperect (bacTanksl TecT)

Maxkcatel: OKyHIBUIApJBIH MOTIHIIK €CeNTep/ll IIbIFapyaarbl 0a3aliblK JICHICHIH
aHBIKTAY.

1) Biny: Opmanna eki KbI3 TaHKypai >kuHajwl. bipiamn kb3 1 kr 250 T taHKypai
KuHaabl, an exinmrici ogan 300 r apThIK KuHaABL. EKI KbI3 Oipirinm KaHIia rpamm
TaHKypal KUHAFaHbIH TAOBIHBI3.

(Hdepexkes: Capkynoa A.K., Omap6aesa b.K., 2025)

2) Tyciny: Kaosipranapsl 605y yiiniH 4 0ipaeit KyThl aK 005y *oHe 3 KT 5Kachlil 005y
xymcanbl. bapieirsl 19 kr 604y xymcanran 0osca, 9p KyThlJla HEIIE KAJIOTpamMM aK
0osty OonFan?

(depexxe3: HeBoctpyena 1.J1., Py3anosa E.A.)

3) Konmany: MeH 0ip can otiianbiM. Erep oHbl 4-ke OeJtin, mIbIKKaH OesiHiaeH 2-Hi
azaprca, 7 mbpIFaapl. MeH KaHjam caH oM1agbiM?

(Hdepexkeos: Capkynosa A.K., Omap6aea b.K., 2025)

4) Konnmany: ¥3bIHabIFbI 256 M apKaH ekl Oesikke 0eminai. bip Oemiri exinmiicinen 7
ece y3bIH. ApKaHHBIH 9p O6JTITIHIH Y3bIHIBIFBIH TAOBIHBI3.

(Hdepexkes: Hepoctpyea M.JI., Pyzanora E.A.)

5) Tanmay: Exi kanmaman Oip yakpiTTa Oip-OlpiHe Kapama-Kapchl €Ki MOMbBI3 MIBIKTHI,
OJIapJIbIH apaKalibIKTBIFB 495 kM. Omnap 3 caraTTaH KeiliH ke3aecti. bip mOWBI3IbIH
KBUIIAMJIBIFBI CKIHIIICIHEH 5 KM/car apThIK 00Jica, op MOMBI3ABIH KbLIIAMIBIFbI
KaHjgai?

(Hdepexkeos: Capkynosa A.K., Omap6aea b.K., 2025)

6) Tanmay: Capbimait MeH IpiMimik yiria 2,28 py0ss Teneuai. baracer 3,6 pyOusbacH
0,4 xr cappiMaii anbiHabl. 1KT IpiMinik 1kr capeiMaiizan 0,8pyoOnsre apsan. Kania
KUJIOTPaMM IPIMIIIIK CATBIIT aJIbIH/IBI?

(Hdepexke3: Unnunrapsin A.B.)
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7) XKunaxray: Mekrenteri >KbUIbDKaWABIH IIIIIHI TIKTOPTOYPHIII TIPI3/l, OHBIH
nepumeTpl 12 MeTp, an Y3bIHABIFBI KYIT CaHFa TCH 00JICa, YKBIIBIKAU/IBIH Y3bIH IBIFbI
MEH CHIH TaOBIHBI3AAP.

(depexke3s: bateipbaesa I'.A., 2024)

8) JKumnakTay: AspoapoMHaH KbUIAaMIbIFEI 210 KM/caF TIKYIIAK VIIBII IIBIKTHL
Apaya 2 caraT 6TKEH COH JI9J COJI a3POJIPOMHAH TIKYIIAKTHIH COHBIHAH YIIIAK YIIIBII
IIBIFBIN, 3 caFaTTaH KellH Tikymaktel 840 KM-re 0Oachill 037bl. ¥ IIAKTBIH
YKBUIIAMJIBIFBIH TAOBIHBI3.

(Hdepexke3s: Capkynoa A.K., Omap6aeBa b.K., 2025)

9) baranay: Kemip angeiaga ouikTik 1meri 3,5 M geren »xoi 0enrici typ. buikriri 3770
MM, 3400 MM, 2900 MM xoHe 3350 MM OoJIaThIH KeJIKTEpaiH KalchIchiHA OyJ1 Oenri
apKBLIBI OTYTE THIABIM CAJTBIHAIBI?

(depexke3s: batsipbaesa I'.A., 2024)

10) baranay: Axxap aybuibiagaa 50 okytisl, Kocoynak aysiibiHaa 100 oKyIibl Typabl.
Enal MekeHzep apachlHIAFbl KAIIBIKTBIK 5 KM Kypahabl. OKyIIbUIap MEKTEIKe
OapaThIH JKaIIbl KAIIBIKTHIK MeEHiiHIIe a3 0oiy YIIIH MEKTenTi Kail xepre caiy
Kepek?

(depekxke3: bareipbacra I'.A., 2024)
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Appendix B — a posttest of the level test

IMocrrect (KOPBITHIHABI TECT)

Makcatel: Busyanusanms oficiH KoJIJaHFaHHAH KeWIHrl OKYIIbLIApAbIH OljaiM
JeHreiH Oaranay.

1) Bity: OpManaa eki 1oc caHbIpayKyIak »uHaabl. bipinmici 2 xr 450 T xuHaca,
exinmici oman 850 r apThIK *kwuHaIbl. Exeyl OapibIFbl KaHIA TpaMM CaHBIPAYKYJIAK
KUHaraH?

(Monudukanusutanras, Herisi: Capkynosa A.K.)

2) Tyciny: MekTernike 6 6ipaeit opbsIHABIK xkoHE 15 000 TeHre TypaThiH Oip yCTEN caThI
anbIHIbeL. Bapnbik catein amyra 51 000 TeHre »ymcaica, Olp OpBIHABIKTHIH Oarachl
KaHma?

(Moaudukanusianran, Herisi: Heoctpyesa 1.J1.)

3) Konaany: Oiinaran canHaH 15-Ti a3aiThi, HOTHXKEHI 3-ke OeyireHae 12 MIBIKTHI.
Oitimarad caHabl TaOBIHEIS.

(Moaudukarusianras, Herisi: Capkyiosa A.K.)

4) Konmany: ¥3bHabEb1 360 M chIM ekl Oesikke kechiai. Bipiami Geiri exinmiciHeH
8 ece y3bIH. Op 06IKTIH Y3bIHIBIFBIH TAOBIHBI3.

(Moauduxkarusianras, Herisi: Heoctpyesa 1.J1.)

5) Tanpay: ApakambIKThIFEl 640 KM ekl KanamaH Oip-OipiHe Kapama-Kapchl €Ki KeHIT
KOJTIK IIBIFBII, 4 caraTTaH COH Ke3necTi. BipiHiH Kbpu1IaMAbIFsl eKkinmmicinen 10 km/car
apTHIK. Op KOJIKTIH KbUIIAMIBIFbIH aHBIKTAHbI3.

(Moaudukarusianran, Herisi: Capkysosa A.K.)

6) Tangay: /IykenHeH 4,5 Kr ajiMa MEH 2 KI' aJIMypT caThill albIHAbBL. ATMaHbIH | KT
Oaracel 450 TeHre. bapnbireiaa 3225 TeHre ToeseHce, 1 KT alIMypTThIH Oarachl ajiMaiaH
KaHIlla TeHrere Kpimoar?

(Monudukarusutanra, Herisi: Ynnuarapsa A.B.)

7) JKunakray: TikTtepTOypeimThl OakiianelH mnepumeTpl 28 merp. Erep OHBIH
Y3BIHJIBIFBI CHIHEH 2 METpre apThIK 00Jica, OaKIIaHbIH ayJaHbIH ECENTEHI3.

(Monudukanusianra, Herisi: bareipoaesa I'.A.)
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8) XKunakray: XKyk kemiri 60 kM/car )KbLIIaMIBIKIICH 5KOJIFa IBIKTHI. 2 caraTTaH KeiiH
OHBIH COHbIHaH 90 KM/CaF >KbUIAAM/IBIKIICH KCHIT KOJIK MBIKTHL. JKeHIn Kok Kyk
KOJIITIH Hellle caraTTaH KeHlH KybIIT xkeTe i ?

(Monudukanusutanras, Herisi: Capkynosa A.K.)

9) Baranay: Koiimana Ouikriri 2,8 M GonathIH YK THETIm XYMBIC icTeinl. bulkTiri
285 cM, 2750 MM, 300 cm xoHE 2,79 M OOJIaTBIH coOpeNepAiH KaiChICHIHBIH aCThIHAH
OyJ1 J)KYK THETIII epKIH 6Te ajaapl?

(MonuduxkarusiianraH, Herisl: bareipbaesa I'.A.)

10) baranay: "A" aybutbinga 120 agam, "B" aysuisinga 180 amam Typaasl. Aybuigap
apacel 10 kM. Tlorra Gesimiiecis ekl aybll TYPFBIHIAPBIHBIH KYPETIH MKaJIIIbI KOJIBI
¢H a3 0oJaThIHIAl eTil Kall HyKTere OpHalacThIpFaH THIMII?

(Monudukanusnanras, Herisl: bareipoaesa I'.A.)
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Appendix C — lesson plan

BeJuim:

6.3 A bip aifHpIMaNBICKI 0ap CHI3BIKTHIK
TEeHJEY

Ilenarorrin T.A.O:

KpIprp136ait Apaiinbsim

ITIon/ChpIHbBII:

MaremaTnka, 6-ChIHBIII.

CadaKTbIH TAKBIPHIObI:

Kantanay

Ca0aKTbIH MaKCATbI:

* Bip aliHbIMaIbICBl Oap CHI3BIKTHIK
TeHJeYJIEp/Il HIelly;

* MoTinaik ecentep/ii BU3yann3anus
oxictepi (0J0K-MOACNBAEP, KECTENEP)
apKbUIBI IIBIFAPY.

YakbiT | Kesenaepi Ilenarorrin OxkymisinbiH | baranay | Pecypcra
bl dpekeri dpekeri p
5vunayt | ¥#ueimaactelp | Comemercizaepme | Amanpacansl, | Mamakra | OKyJBIK
y ! yi y
byrin, Kaiftanay | TanceipMachiH
TaKbIPBIOBIH a ’ayar
KapacThIPaMbI3. Oepeni. XKana
Byrinri cabakra | oaic Typasibl
MeHIrepeTiHIHi3: THIHTAUIEI.
- CBI3BIKTBIK
TEHHEY;
- MOTIH/IK
ecenTepal
BHU3yaJIM3allUs
(cyper, kecte)
O/iCIMEH MIBIFapy.
Yii
TancbIpMachbIH
Tekcepy. Ne835.
10 mun Kana «Oi Ko3Fray» Cypakrapra Cwmaitnuk | Yrnectipme
cabaKThl C-1: Kanpait xayarn Oepeni. | (O3iH-e31 | MaTtepuan
Oexity TeHaeyai 6ip Tapasbl Oaranay)
alfHBIMAIIBICHI O6ap | Moaemi
TEHJICY eI apKbUIbI
aTanab? TEeHJCYAIH
C-2: Monpec KaCHETIH eCKe
TEHJICY eI tycipeni. Tect
KaH/al TeHaeyai
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anTagpl?
C-3: Tenneynig
KaH1ai

(Myeanim
makmaoanu
«Tapa3zwi
MOOeNiHy
Kepcemin,
menoeyoiH exi

CaH KOCKaHOA
mene-meHoiK

K630eH
Kepcemeoi)
C-4: Bip

TEHJEY/I1 IIeTTy
AITOPUTMIH
aTaHjap.
C-5:ax=b
TYpIHJET1
TeHJEeY i
HIENTY/IIH Hellle
JKarIael 6ap?
«bimim
TayCbUIMaUTBIH
KeH» (TecT)

KacueTTepi 6ap?

Jrcagvina Oipoeti

cakmailamyslHblH

alfHBIMAJBICHI O6ap

TanchlpMachliH
OPBIHIANBL.

YakoIT
bl

Ke3zenaepi

Ilenarorrin
dpekeri

OKYIIBIHBIH
dpekeri

baranay

Pecypcrap

25

MHHYT

bekity
TaINCHIPMACHI
(Buzyanuzarn
usi
TOXipuodeci)

OxkynbikTan Nel -
Ne7 Tennmeynepmi
JIOCTYPJIl TypJie
IIBIFAPTA/IBI.
Ne8 Ecen.
(baok-moxenn
dxici)

Hlapmer: 1-
cebeTTe 2-
cebeTke
KaparaHja 5 ece
apThIK ayiMa Oap.

MexaHuKalbIK
TYPAE X *Ka3a
oepmeii,
aJIBIMEH
JonTepIepine
OJI0K-MOAETBICP
MEH KecTenepi
CBI3A/IBI.

Cypertke Kapaii
OTBIPHITI,
TEHJCYIIH OH

Heckpunro
P apKbUIBI
«bacbapma
K»
JniciMeH
Oarainay.

OKyJIBIK,
TaKTa,
JoTTEp
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Erep 1-ceberren
8 KI aJIMaHkbI 2-
ce0eTKe cajcak,
ayMaJiap CaHbl
TeH OOJaabl.
AurrFameiHga ap
ce0eTTe KaHIIa
aaMaaaH
oosrran?
Busyaauszanus
KaJaMBbl:
bacmankwi
aHcagoail:
2-ceber:
1-ceber:
Tycinoipme:
Exeyi TeH 6oy
ymriH 1-ceber
031HIH 2 OJIOTBIH
oepei.
Tenecken
aHcagoail:

(ocvl 2 ook = 8
Ke)

1-ceber:

bynan
IIBIFATHIHGL; 2
ook = 8 kr, 1
010K = 4 KT.
Anre0panbIK
MoOJIeNb:
5x-8=x+8.

Ne9 Ecen.
(KecTe Mojeti)
Llapmui: XKon
OoitbiMeH 4
KM/car, Tac
YKOJIMeEH 6 Km/car
JKBLUTIaMJIBIKIICH
xypai. Tac
YKOJIMEH >KYPIreH
YaKbIT 3 caraTka
a3. Konnap TeH

’KOHE COJI JKaFrbIH
cayarThl
TEHEeCTIpe/Il.
[IIpikKaH
HOTHKEHI ecen
mapThIMEH
CaJIBICTBIPA/IBI.
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0oJca, Tac
YKOJIMEH KaHIIa
YaKBbIT KypreH?

Busyaausauus

KaJaMbl:

Ko |v|t|S

1

Ky |4]|Xx|4x

M

KO

1

Tac | 6| X | 6(

KO - | X-

1 313)

Anre0panbIK

MoieNb:

4x = 6(X - 3).
Kexe Xanpona Te3 ecentey Monutopu | [lapakman
okymbiMeH | TineyOekke HIaNIIAHABIFBIH | HT ap
KYMBIC apHaiibl «EcenTi | nambita

askTal!» OTBIPBIII,

TarChIPMachIH TarChIPMaHbI

oepeni. OPBIH/IANTBI.

) Kopseiteiaaber | Byrinri CabakTbl Ayp13ma Cruxepnep
munyT | (Kepi cabakra: KOPBITBIHIbUIAK | Oaramay

OaiiiaHbIC) - CBI3BIKTBIK TTBI,

TEHAEYJIEep; BU3yaJIM3aLUs

- MOTIHIIK onicl OOMBIHIIIA

ecenTepai ©3 MIKIpJepiH

BU3YaJIu3aLus oinaipeni,

apKbLIIBI CTHKepJepAi

HIBIFAPY BT KATChIPAIb.

YUpEHIIK.

Kepi 0aiinanbic

«Hbicana»

Capsl Tyc: «byn

QMIic MaraH

KBI3BIK OOJIIEL...»
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Kp13b11 TYC:
«Maran 069p1
TYCIHIKTI!»

Kek Tyc: «Maran
KOMEK KaKeT»
Yiire
TanchipMa:
Ne84S5.

Lesson plan No2

MyraniMHIH aThI-’KOHi:

Ion/ChIHbBINI:

Marematuka / 6-ChIHBIIT

Kyni:

Tapay Hemece 06J1iM

aTaybl:

6.3B bip aitHpiManbIChl Oap CHI3BIKTHIK TEHCI3AIKTEP

CabaKTbIH TAKBIPHIObI:

Kanitanay

OKy makcartbl:

apKBUIBI OEKITY

Orinren MaTcepuajiaapAbl TOJBIKTBIPY JKOHC BU3yaIU3allnia

baranay kpurepuiii:

bip aifHBIMANBICHI 0ap CHI3BIKTHIK TCHCI3IIKTEP MECH
TEHJIEYJIep Il BU3yallJIbl MOJIEIIbiep (Tapassl,
KOOpJMHATANIBIK TY3Y, CbI30anap) apKbUIbl HIEIIEe anajibl,
MaTEeMaTUKAJIBIK OPHEKTEPTe aliHAIIBIPAIbI.

YakpIThI Kesenaepi Ilenarorrin OKymIbIHBIH Bbaranay
pekeTi JpekeTi
S munyt | ¥UbIM- Conemerciznep me! | Amangacaasl, yi Mapakray
JaCTBIPY byrin «Kaiiranay» | TanceipMachiHa
TaKbIPBIOBIH xKayarn oepe/l.
KapacTbIpaMbI3. WNuTepakTuBTI
TaKTaJarbl
byrinri cabakra BU3YaJ/ibl

MEHIepeTIHIHI3:
OKyubLIapIbIH
TEHCI3IIKTEeP/Ii
KYpFaK jKarray
eMec, BU3yaJl bl
cyperTep, Tapasbl
HeMmece Desmos

rpadukTepi

MOJIeTIbIe Kaparl,
03 JKayarTapblH
TeKcepei.
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apKbUIbI KO30€H
Kepil, IeniMiH
Taly JaFabUIapbIH
KaJIBIIITACTHIPY .

Y TarcelpMachiH
MHTEPAKTUBTI
TaKTaJarbl
aHUMAaLUAIIBIK
rpauKTi KepceTy
apKbLIbI TEKCEPY.

10 Mmu=

Kana
ca0aKThI
OeKiTy

1. Kaiiranay
CYpaKTaphbl
(Buzyanne! Typae):
Myraiim TakTagaH
CaHJIbIK
coyJIeNIep/iH,
KEeCIHIIEpIiH
TYPII-TYCTI
cer30anapeia (2D
JuarpaMMaapbiH)
KepceTe/i.

1. Dxpannarsl
KBI3BLT JKOHE KOK
TYCIeH OOsTFaH
apalbIKTap Kajiau
aranajpl?

2.(2; 7) uaTEpBaIBI
JTMHAMHUKAJIBIK
cp30aia Kanai
KepiHeai?

3.[-3; 5] xome [1;
9] apanbIKTapbIHBIH
KUBUTBICYBIH
Karasfa ChI3bIII
KOPCETIHI3.

2. ColikecTeHaipy
tecTi (Tapazbr
MOJICITIMEH):
Tapa3sl (balance
scale) ofici apKbLIbI
TEHCI3IIKTePIiH

TaxpIphbI
OOMBIHIIIA
pecypcTrapbl
Kapar, TaHbICa]Ibl.

bepinren
TEHCI3IKTeP/I1
KYpFaK €CerTemMen,
OpPKaNChICHIH
Tapas3bl MOJICIIIHE
CaJIbIIl eJIeCTeTe A1
(MbIcanbl, 2x + 1
JKarbl § + X
YKarblHAH aybIp)
AKOHE
COMKEeCTeHIPE/I.

Jeckpunrop:

* Busyanael
CBhI30aHbI OKU
anajapl;

* uteprai,
coyJie, KeCiHIiH1
aXKbIpATaIbI.
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Kal >Karbl aybIp
EKEHIH Tajljiay.
1.5x-10>2x-1
2. 7X-8<5x+2
3.4x-12>x-6
4.2x+1>8+X

25 MUHYT

bekity
TaTChIPMACHI

JXanrmel ceHBIIIIEH
XKyMBbIC. 4
KaJlaMJIbIK
ANTrOPUTMIL
KOJIJJaHy.

Nel. « Buzyannusl
IIIETITIMY)

a)2x <10
0)x+3>7

B) -4X <8
r)-X<5
Myraiim opekerTi:
OkymibuiapJian
albpIMEH Oelrici3
MOHIepAl
AHBIKTAY/IbI, COCHIH
ChI30a camy/ibl
Tajgan erel.

No2. «Karecin Tam»
(TonTeIK >KyMBIC)
Myraiim TaKTara
Python Hemece
Geogebra apKbLIbI
CaJIBIHFaH JalbIH
chI30anap/ibl KoHE
KaTe MIbIFapbUIFaH
anreOpabIK
TEHCI3AIKTEP/Il
IBIFApPaIbI.
1)5y-9<3-7y
2)3x+1>4x-5
Tanceipma:
Cr130ara
(rpadukke) cyiieHe
OTBIPBIII,

Jlonrtepnepine
KOOpAMHATAJIBIK
TY3Y CBI3bIII, 001
KepceTe/l.

4 xagaMabl
OPBIHIAMIbI:

1. Benricizal
AQHBIKTAMNIbI;

2. Buzyanasl
MOJICJIb ChI3aJIbl;
3. MaTeMaTuKaJbIK
TEHCI3/IIK KYPaJibl;
4. YXayaObra
rpauKTeH
TEeKCepe/Ii.

OKyJIBIKTaH
Ne1003, Ne1005
ecenTepaiy
BU3YaJIJIbI
MOJIETbACPIH
KYPacThIPaJIbl.

Jeckpunrop:

* TeHCI3OIKTIH
BHU3YyaJlJIbl
MOJIETIH KYpaJbl;
» AnreOpabIk
HIenriMiH
Tabasl;
Koopaunaranbik
TY3yIe
KEeCKIHIeNI1;

» JKayanrsl can
apaJIbIFbIH]IA
’Ka3aJIbl.

«bacbapmaky
onicl
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anreOpablK KaTeH1
TaOBIHBI3.

O3 GeriMeH
*KyMbIc. Tect
TaTNICBIPMACHI:

Op Ccypakka cbi30a
KYpYy MiHAETTEIE/I.
1. (-o0; 5] can
apaJIBIFBIHBIH aThL...
2. 1-nen 4-xe
JIEWIHT1 KECIHIL
Oenrinenyi...

3. 1-neu 3-ke
JIEU1HT1 KapThlIai
WHTEPBAJL...

S MUHYT

Kepi
OallytaHbIC

byrinri cabakra:
Busyannasr
MOJIEJBICY SICl
APKBUTBI ChI3BIKTHIK
TEHCI3IKTep/I1
IIBIFAPY BT
OexiTTik. Myraiim
okymibapaad: "biz
CBhI3FaH
TUarpaMmanap MeH
Tapas3bliap €CenTi
LIBIFapy¥Fa Kajlau
koMeKkTecTi?" - nen
Cypamnmsl.

Kepi Gaitnansic:
«binemin - buiaim -
Binrim kenemai»
KECTECIH TOJITHIPY.

Yiire Tanceipma:
Nel006. Op ecenke
MiHAeTTI TYypae 2D
cp30a HEMece
Tapasbl MOJICIIH
CBI3BII Kely.

OkymibuIap KecTeHi
TOJITBIPAJIBI.
Buzyanuzanus
QMICIHIH THIMILTIT1
TypaJibl 63
OMJIapBIMEH
Oemiceni
(METaKOrHUTUBTIK
JIaFIIbI).

TaKpIpBINTHI
MEHI'epreHiH
aHBIKTAy
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Appendix D — four — level assesment descriptors

Score | Descriptor Scientific foundation

0 The student either merely creates The detrimental effects of
pictorial of the problem or generates | pictorial visuals on report writing
an inaccurate solution without were investigated by Hegarty and
creating any drawings, graphs, or Kozhevnikov (1999, as cited in Hadi
illustrations. & Csikos, 2025).

1 When translating abstract In their research, Finesilver (2022, as
information into structural cited in Hadi & Csikos, 2025) and
resembling, the student often Schoenherr and Schukajlow (2024,
blunders when attempting to as cited in Hadi & Csikos, 2025)
describe a problem or create a have highlighted the challenges of
diagram or schema. In other words, | creating a graph or schema when
the student is unable to create a structural resemlance is present.
comprehensive graphic and his They stated that it's a common
response contains errors in mistake.
mathematical computations. The
illustration or schema is barely half
drawn, though.

2 The student properly sketches a Schematic representation was
graph, or a diagram or etc. discussed by Presmeg (1986, as cited
(schematic representation) of the in Hadi & Csikos, 2025). In other
problem. The problem's conditions | words, he stated that it is beneficial
are completely reflected in the to comprehend the problem.
mathematical model.

3 Using the schematic representation | Hegarty and Kozhevnikov (1999, as

the student have developed, the
student accurately completes
mathematical computations and
determines the precise solution
without making any mistakes.

cited in Hadi & Csikos, 2025) argued
that the correct use of schematic
representation can help in the
successful production of word
problems.
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