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ABSTRACT

This study investigates the impact of incorporating real-life tasks in the
teaching of proportions on student engagement and academic performance. It is
grounded in constructivist and situated learning theories and employs a quasi-
experimental design. The intervention was carried out in a public school in
Kazakhstan, involving 24 sixth-grade students in a single experimental group without
a control group. The results demonstrated that real-life contextual problems enhance
students’ motivation, functional mathematical literacy, and critical thinking skills.

The research also includes a comparative analysis of Kazakhstani and
Singaporean mathematics textbooks. Findings reveal that Kazakhstani materials
emphasize formal procedures over real-world problem-solving, whereas Singaporean
textbooks integrate contextual tasks more extensively. This highlights a need for
curriculum modernization to better reflect practical applications and build essential
competencies in mathematics education.

The experimental phase involved a proportion unit designed around real-life
scenarios such as calculating discounts, adjusting recipes, working with scale models,
and budgeting. Students worked individually and collaboratively, completed pre- and
post-lesson questionnaires, and took a summative assessment. The comparison of
results before and after the intervention showed a clear improvement in both
academic outcomes and student engagement.

Key words: engagement, academic achievement, real-life problems,
proportion, mathematics education.

viii



AHJIATIIA

by 3eprrey mpomopiius TaKbIpBIOBIH OKBITYZA IIBIHANBI ©MIpre HETi3IelnreH
TanchlpMangapAblH OKYIIBUIAPJBIH OCJICEHAUIINT MEH OKY JKETICTIKTepiHE ocepiH
3epTTeiiai. 3epTrey KOHCTPYKTHBU3M MEH JKaFdaillIbIK OKBITY TeOopHUsIapblHa
CylieHeJl JKOHE  KBA3MHMCIEPUMEHTTIK  TOCUINl  KOJJaHaAbl. ODKCHEPUMEHT
Kazakcrangarel Oip xanmel OUTiM O€peTiH MEKTENTe OTKI3UIIN, OFaH TeK 24 aaThIHIIIbI
CBIHBITT OKYIIBICHI KAaTBICTHI. bakplnay TOOBI OosiFaH koK. HoTwmwkenep emipMmeH
OalJIaHBICTBI TAIICHIPMAJIAPABIH OKYIIBLIAPIBIH MOTHBAIMACHIHA, (PYHKITHOHAJIIBIK
MaTEMaTUKAJIBIK CayaTThUIBIFBIHA JKOHE ChIHH OWJIayblHA OH 9CEp ETETIHIH KOPCETTI.

ConbiMeH KaTtap, 3eprrey Kaszakctan wmeH CHHramyp OKYJIBIKTapbIHBIH
Ma3MYHBIH  CaJBICTBIPMAbl  TypJae Tajamaaabl. KaszakcTaHABIK  OKYJIBIKTap/a
dopmanpael  ecentep OackiM  Ooisica, CuHramyp OKYJNBIKTapblHAQ ©MIPMEH
OallJIaHBICTBI TANChIpMaNap KEHIHEH KOJIJIAHbUIaAbl. by oKy OarmapiiamanapbiH
TOXiprOere >KaKbIHIATYIbIH MaHbI3IbUIBIFBIH KOPCETE/II.

OKCHepUMEHTTIK  0eJliM  IIbIHAWBI ~ eMipre  HEeTri3IeNreH  IPOIMOpLHUs
TaKbIPHIOBIHJIAFBl  TAllChIpMAJIapMEH  JKYPri3uial:  JKeHUITIKTepAl  ecemTey,
penentrepAl KaWta MeJepiey, MaciTaOleH >KYMBIC >KoHe OropKeT kKacay.
OKymbutap JKeKe >KOHE TOIEH >KYMBIC Kacajbl, ca0akK alJbIHJAFbl KoHE KEHIHT1
cayajHamajap TOJTBIPABI JKOHE KOPBITBIHILI OaKblIay TalChIPMAChIH OPBIHIAIBI.
Hotmxenepai caibiCThpy OJNIapAblH OKY OKETICTINI MEH MOTHUBAIMSCHIHBIH
alTapabIKTall apTKaHBIH KOPCETTI.

Kint ce3nep: OKyIIbIHBIH O€JICeH/ 1 KaThICYbl, AKaJAEeMUSIIBIK )KeTicTiK, HakThI
eMipitik Macenenep, [Ipomopius / [Iponopiimonanasik KaTbiHac, MaTemaTtrka O11iM
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AHHOTALUA

JIaHHOE HCCIIEIOBAHUE HANPABIECHO HA HW3YYEHUE BIMUSHMS HCIOJIb30BAHUS
3a/1a4, NpUOMKEHHBIX K PEaJbHOM KU3HU, NpU OOYYEHHH TEME «IIPOMOPLIMM» Ha
BOBJICUEHHOCTh YYaIlllUXCAd M HX aKaJEeMHUYECKYH0 YCIIEBa€MOCTb. B ocHoOBe
HCCIICIOBAHUSl JIE)KAT KOHCTPYKTHUBHUCTCKHE TMOAXOAbl M TEOPUS CUTYaTUBHOIO
oOydeHHs. DKCHEPUMEHT MPOBOAWICS B OAHOW 00IIe00pa30BaTENbHON IIKOJIE
Kazaxctana ¢ ywactmeM 24 ywammuxcs Imecrtoro knacca. lMcnonb3oBancs
KBa3WAKCIIEPUMEHTAJbHbBI  Iu3ailH  0e3 KOHTpOJbHOM Tpynmnbl. Pe3ynbpTaTh
NOKa3alh, 4YTO IKU3HEHHBIE 3a/Jauyd IIOJIOKUTEJIBHO BIHAKOT Ha pa3BUTUE
(GYHKIMOHAIBHOW MaTeMaTH4YeCKOM TI'paMOTHOCTH, MOTHBALMM U KPUTHYECKOTO
MBIIUICHUS yYalUXCH.

Kpome TOro, Obul TpOBENEH CpaBHUTEIBHBIA aHAIU3 Ka3aXCTAHCKUX H
CUHTAIypCKUX Y4YEOHHKOB [0 MAaTE€MAaTHKe, KOTOPbI BBISBHI CYIIECTBEHHbIE
paznuuMs B CTENEHM MPUMEHEHUs NPUKIAJAHBIX 3a7ad. YdeOHble MaTepuaibl
Kazaxcrana nperMyniecTBEHHO COCPEOTOYEHBI Ha (POPMAJIbHBIX AJITOPUTMAX, B TO
BpeMSs KaK CUHTalypCKHUe MOCOOMs aKTUBHO UCIIONB3YIOT KOHTEKCTYalIbHbIC 3aaHUsl.
OT0 MoJYepKUBAET HEOOXOIUMOCTh aJanTalui Y4eOHBIX MPOrpaMM K TpeOOBaHUSIM
(GYHKIIMOHAIBHON TPAMOTHOCTH U KU3HEHHOW MPUMEHUMOCTH 3HAHU.

OKclepUMEHTaIbHAsl YacTh BKJIOYaja IPOBEIEHUE Y4YEOHOro MOAYNS IIO
IIPOIOPLUSAM, OCHOBAHHOIO HAa pPEAJIbHBIX JXU3HEHHBIX 3aJayax: pacyer CKUJIOK,
MaciiTabupoBaHKe, IPUTOTOBICHUE PELIENTOB U INIAHUPOBAaHUE OrO/KeTa. YUYEHUKHU
paboTaiu MHAUBUAYAIbHO U B TPpyIIax, 3alOJHUIM aHKETHI JI0 U Iocie 00ydeHus, a
TaK)K€ IPOXOJIWUIM HUTOrOBYIO NHAarHocTHKy. CpaBHEHHME pe3yslbTaTOB 10 M IIOCIIE
MOJyJIsl TO3BOJIMJIO BBIIBUTH IOJIOKUTENIBHYIO JMHAMUKY Kak B YPOBHE yueOHOMU
MOTHBALIMH, TAK U B aKaJEMHUYECKOU YCIIEBAEMOCTH.

KiroueBsle cioBa: BoBie4yéHHOCTD yyamuxcs, AkageMudecKkas
ycrieBaeMocTh, KoHTEKCThI peanibHOro Mupa, [Iponopusa, Marematuueckoe
obOpasoBaHue.



INTRODUCTION

Improving student engagement and academic performance in middle school
mathematics remains as a persistent challenge, because educators often grapple with
students who lack interest and have difficulty mastering foundational concepts (Jie,
2020). Engagement plus comprehension can greatly improve when connections
linking math ideas and actual uses get support, studies show. The concept of
proportion occupies a central place in the history of mathematics and has deep roots
dating back to ancient science. Already in the works of Euclid (3rd century BC) in his
Elements, proportions were considered in detail in the context of geometry and
relationships between segments. Proportions played a key role in understanding
harmony, symmetry and relationships in architecture and art (for example, the golden
section). Later, in the era of Arabic mathematics and the European Renaissance,
proportions became the basis for the transition from geometric to algebraic thinking,
which an crucial step towards the formalization of equations and concepts of
variables. Researchers such as Al-Khwarizmi, Leonardo Fibonacci and René
Descartes used proportional relationships to describe numerical patterns, movement
and growth.

With the development of algebra in the 17th-18th centuries, proportions
became the basis for understanding rational expressions, functions and equations. In
modern mathematics, proportional thinking is considered a cornerstone of the
transition from arithmetic to algebra (Lamon, 2007) It forms the basis for the
concepts of linear equations, percentages, scales, rates, probability, and statistics. Due
to its universality and applicability across various fields of knowledge, proportions
remain one of the most essential and fundamental topics in school mathematics,
forming students’ mathematical literacy and functional skills (Karplus et al., 1983;
Vergnaud, 1983). Specifically, the integration of real-life proportional problems into
our curriculum has emerged as more of a promising strategy. This approach helps
students to understand the practical relevance of mathematics also encourages critical
thinking. Skills related to solving problem are fostered also since those skills are
essential for academic success (Kazemi E. & Stipek, 2009). Contextualized teaching
methods, which connect mathematical topics to students' daily experiences, have
prove significant improvements in conceptual understanding and solving problem
skills (Kazemi E. & Stipek, 2009).

Modern mathematical education is aimed at developing students' functional
literacy and the ability to apply knowledge in vital contexts. The use of real-life
problems is a method in which students learn to solve applied problems that simulate
situations from everyday life: shopping, calculating time, budgeting, construction,
etc. This context helps to connect the educational material with the personal
experience of schoolchildren and makes mathematics socially significant (Kalinin &
Pankratova, 2022).

The purpose of including these problems in the educational process is not just
to test computational skills, but to develop the ability to make decisions, evaluate,



compare alternatives and argue for the choice of method. This reflects a competency-
based approach, in which not only the correctness of the answer is meaningful, but
also the validity of the actions (Aniskin & Rakhmatullina, 2023).

In addition, real-life problems are often interdisciplinary in nature, such as
elements of economics, geography, ecology and other disciplines. This makes
mathematics a tool for developing interdisciplinary connections and critical thinking
(Basharina & Litvinova, 2023).

Research confirms that the use of practice-oriented tasks contributes to:

o A deeper understanding of mathematical concepts (Bushmeleva et al., 2018)
e The development of meta-subject skills such as analysis, synthesis and

forecasting (Munakosa & Kneména, 2023)

e The formation of functional mathematical literacy (Ceménona et al., n.d.).

Based on this approach, studies show that when students work on problems
rooted in relatable contexts —such as shopping discounts, cooking measurements, or
scaling up recipes—they develop a deeper understanding of ratios and proportions
(Matney et al., 2013).These challenges help students to see mathematical ideas in
action, that’s why enabling them to understand and less fear abstract ideas.
Furthermore, group solving problem exercises based on real-life situations have been
connected to improved peer interactions and class participation, as a result fostering a
more dynamic and inclusive learning environment.

Studies also indicate that offering courses based on real-life proportional
circumstances is a successful way to boosts middle school math both in terms of
participation and performance. When mathematical ideas are set in clear and
meaningful settings pertinent to students' lives, they help students to understand the
value of their education and create closer ties (Yezbick, 2020). Such practices have
been linked to a better knowledge of fundamental mathematical ideas and enhanced
solving problem skills. Contextualized lectures on measurement, for instance, have
been show to increase involvement with procedural processes, that’s why improving
general subject performance (Buan et al., 2021).

A quasi-experimental design were chosen to investigate the impact of
contextualized, real-life mathematical tasks on student engagement and academic
performance. This methodological approach is well-suited to the realities of
educational research, as it accommodates the practical constraints of natural
classroom environments while still enabling structured, evidence-based analysis of
instructional effectiveness. Although traditional experimental designs offer greater
control, the quasi-experimental format allows researchers to draw meaningful
conclusions by comparing student outcomes before and after the intervention,
particularly when full randomization or control groups are not feasible.

This research design aligns with practices commonly employed in educational
studies, offering a balance between rigor and real-world applicability. It enables a
systematic evaluation of how solving problem assignments rooted in real-life
contexts affect students’ mathematical understanding and interest, especially in
genuine classroom settings.



A successful mathematics learning experience at the middle school level
depends not only on instructional quality but also on fostering both academic
achievement and student engagement. These two components are especially critical
during the formative middle school years, when students begin transitioning from
basic arithmetic to more abstract mathematical thinking.

The role of mathematics within fostering critical thinking, solving problem
skills, and overall cognitive development is undeniable since its a foundation of
modern education systems (Lein A. E., 2015). Kazakhstan is undergoing rapid
economic and social transformation, a nation during transition. It is essential for one
to ensure the high levels of mathematics achievement and engagement for the
purpose of developing a competitive and skilled workforce. This study examines the
unique challenges as well as opportunities within Kazakhstan's evolving educational
landscape. It tackles the complex matter of student involvement and academic
standing in math nationally. According to PISA results in 2018 (Tait0omnaros et al.,
2024), Kazakhstan's math education achievement were somewhat less than in 2015.
These changes are associated with various factors such as the academic motivation of
students (TaitbonmatoB et al., 2024). educational reforms for modernizing secondary
education have been implemented in Kazakhstan (Hermans, 2018). These reforms do
include such as the “Updated Content of Education” initiative and a transition to
criteria-based assessment (Rakhymbayeva, 2020). In the educational system of
Kazakhstan is characterized by a number of unique features in particular. The country
has been actively implementing an “Updated Content of Education” program which
seeks to shift the focus away from rote memorization so as to develop higher-order
thinking skills (Turganalina & Malone, 2023a). Another meaningful change includes
the shift toward assessment using criteria. This shift fosters student learning
assessment that Kenzhetaeva et al. (2020) state is fairer and clearer. Formal additive,
there is an increasing emphasis on functional literacy; this emphasis equips students
with the practical skills along with knowledge necessary for success in real-world
contexts (Ali et al., 2020).

Despite these efforts, problems facing mathematics learning still affect teachers
and students in Kazakhstan. Gaps for students' foundational knowledge also
insufficient teacher training with a lack of adequate resources may be included.
Access which is unequal to quality mathematics education can stem from differences
that are regional and disparities that are socio-economic. We must address the
persistent issue about low academic performance. This requires that we intertwine
both metacognitive and motivational and behavioral strategies within the classroom's
microcosm.

Student motivation is a possible solution to mathematics achievement problem
(Herges et al., 2017) Multiple studies have established a direct relationship between
motivation and general academic achievement (Herges et al., 2017). Engagement in
mathematics has been identified as a significant predictor of academic success (Lein
et al., 2016). Engaged students are more likely to be motivated, persistent, and
actively involved in their learning, leading to improved understanding and higher
achievement. Understanding the factors that influence student engagement in



mathematics is so crucial for developing efficient interventions and strategies to
enhance academic outcomes. This study seeks to provide a comprehensive analysis of
academic performance and engagement in mathematics among students in
Kazakhstan. By examining the interplay of various factors, including curriculum
reforms, assessment practices, teacher quality, and student motivation, this research
aims to inform policy and practice and contribute to the ongoing efforts to strengthen
mathematics education in Kazakhstan.

As Wriston (2015) emphasizes, the development of strong mathematical
foundations at this stage is essential for success in higher-level mathematics and
STEM disciplines. Proportional reasoning, in particular, plays a pivotal role during
this period, serving as a conceptual bridge between arithmetic and algebra and
equipping students with tools for tackling more complex problems.

Academic performance depends much on student involvement, which
comprises cognitive, emotional, and behavioral aspects. Engaged students are more
likely to put effort into their education, apply good solving problem techniques, and
persist under difficulty (Lein et al., 2016). Cognitive engagement is a student's
commitment to learning and application of techniques to grasp ideas; emotional
engagement is their attitudes, interests, and values connected to the subject. A
student's active involvement in learning activities reflects behavioural engagement.
Sadly, middle school years see a drop in student involvement in mathematics (Martin
etal., 2015).

Thus, by giving both academic performance and student involvement top
priority, teachers can create a more encouraging and efficient learning space that
promotes mathematical success. Students of all achievement levels must address
math involvement (Skilling et al., 2021).

Integrating creative teaching strategies is absolutely vital in Kazakhstan, where
the education system is changing to fit world standards, so improving student results.
The updated content of education in Kazakhstan aims to develop functional literacy
and a wide range of skills, setting more complex intellectual tasks in mathematics
(Turganalina & Malone, 2023b). This shift necessitates pedagogical approaches that
can effectively bridge theoretical knowledge and practical application. Bringing in
aspects of ethno-pedagogics can link the subject to national traditions, helping
students feel more connected to their culture and possibly boosting their motivation.
Formal additive, research suggests that engagement uniquely predicts mathematics
problem-solving performance (Lein A. E., 2015), which emphasizes the value of
creating learning environments that actively involve students. By using real-world
applications, educators will make mathematics more relevant and engaging toward
students, and this fosters a deeper comprehension of mathematical concepts and their
practical implications (Sujatha & Vinayakan, 2023). This approach aligns well with
all global educational trends and also it addresses itself to the specific needs that
Kazakhstani students have so that they are each prepared well for tackling complex
problems and also can succeed in an increasingly competitive world.

One of the main principles of this study is the use of carefully observed
phenomena in everyday life - such as budgeting, recalculating family recipes,



navigating a map, and calculating distances - to develop balanced thinking. This
choice allows students not only to mechanically master mathematical procedures, but
also to understand and apply them in contexts that are close and understandable to
them in everyday practices. Realistic tasks are set to increase students' motivation and
engagement, stimulating the development of critical thinking and cognitive activity
(Boaler, 1998a; Broza & Kolikant, 2020b). In contrast to the abstract problems
traditionally prevailing in textbooks, the proposed approach promotes a deeper
understanding of mathematical concepts and their practical application in explaining
life (Sujatha & Vinayakan, 2023).

The scientific novelty of the study also lies in its approximation to the
Kazakhstani educational context, such as elements of ethnopedagogy and a
competency-based course. Connection with the cultural realities of students - through
the use of tasks, boundaries with national traditions, everyday life and life experience
- focuses motivation for learning and promotes the formation of a positive attitude
towards mathematics (Turganalina & Malone, 2023b). The inclusion of such
culturally significant components makes learning more meaningful and meets the
objectives of the updated educational content in Kazakhstan, aimed at developing
functional literacy and encouraging knowledge with life situations (Casler-Failing,
2018a; Ls%l & Aldbyani, 2023). Thus, the study represents a multidisciplinary
approach combining mathematics, ethnopedagogy and modern educational practice,
which is especially relevant in the context of accepting challenges and moving
towards education focused on the practical applicability of knowledge.

Educational engagement goes further than just taking part it involves using
good learning methods. Measurable outcomes result from involvement both inside
outside the classroom (Kong, 2021). A well-rounded educational experience is helped
via these practices as community involvement and extracurricular activities with
academic endeavors. Engagement operates at emotional, behavioral, and cognitive
levels, and cognitive engagement focuses on people actively participate and people
desire to learn beyond academic requirements (Syarifuddin, 2013). With this
educational approach, students gain academic skill with social and emotional
adjustment. It prepares the students, so that they will succeed in various aspects of
their life.

Background of the Study: The development of proportional reasoning is a
critical aspect of mathematical education since it acts as a gateway to more advanced
mathematical concepts plus it plays a vital role in navigating real-world scenarios
(Ayan-Civak H. & Isiksal-Bostan, 2018). Lamon describes proportional reasoning as
involving the detection, expression, analysis, as well as provision of evidence for
claims about proportional relationships (Tung, 2020). However, many students do
battle with proportional reasoning, which can obstruct their overall comprehension of
mathematics. This basic idea supports science as well as other fields (Wriston, 2015).
Heinz and Sterba-Boatwright stated, "Proportional reasoning is at the core of so many
crucial concepts in mathematics and science, including similarity, relative growth and
size, dilations, scaling, pi, constant rate of change, slope, rates, fractions, and
probability.” Its of importance for the creation of improved teaching strategies if



educators recognise all of the obstacles that students may face in their grasping of
proportional concepts (Bintara & Suhendra, 2021). This challenge shows how its
valuable to explore teaching methods for innovation that can help students
comprehend and apply proportional reasoning (Ojose, 2015). Targeted instruction can
promote development of proportional reasoning skills alongside research, as research
has shown students often battle with proportional reasoning and its foundational
concepts (Hilton et al., 2016).

With customary methods that are teaching proportional reasoning, people often
have to memorize some formulas and various procedures by rote, which truly may
not help people deeply understand or then apply these concepts in novel situations.
Students may see mathematics as disconnected and abstract since they cannot
appreciate its daily relevance using this approach (Sujatha & Vinayakan, 2023).
Proportional reasoning is crucial outside the classroom, for it lets people decide
wisely in daily contexts as they calculate discounts, adjust recipes, or understand
financial ratios. People are able to comprehend quantitative data and tackle issues in
many aspects of life via proportional reasoning. As a result, its essential for students
to be academically successful as well as function effectively within a mathematically
rich world. Thus, we have to find some ways to make that proportional reasoning be
more accessible and also engaging for them. Understanding proportion concepts is a
requirement for the transformation concept (Mardika & Mahmudi, 2021). Proportion
concepts are meaningful hence. Karagdz Akar listed students’ misconceptions in the
ratio concept as misconceptions about additive and multiplicative association,
misconceptions about covariation and transformation, and misconceptions about
constancy (Calisici, 2018).

The need for well-executed teaching strategies point out even further the
Common Core State Standards for School Mathematics cause proportional reasoning
is one of the four key areas in the sixth and seventh-grade curricula (Ayan-Civak H. &
Isiksal-Bostan, 2018). This emphasis reflects the recognition that proportional reasoning
Is acting as a foundational concept. Proportional reasoning ensures success within
higher-level mathematics courses as algebra and calculus. This study seeks to find
how useful using real-life applications is for better student engagement plus student
academic achievement in mathematics since students have difficulties with important
proportional reasoning. This research seeks to provide some recommendations for
transforming mathematics education so as to better meet learners' needs and to
prepare them for 21st-century success by relating proportional reasoning with
relevant contexts. Though proportional reasoning is central, many students battle so
one must examine the issue's source.

Statement of the Problem: Despite the recognized importance of proportional
reasoning within mathematics education and its common presence within real-world
scenarios, students still greatly battle to grasp this concept (Ojose, 2015).
Specifically, students often exhibit difficulties when they transfer their
comprehension of proportional relationships from abstract mathematical problems to
concrete real-world applications as well as generating errors in solving problem plus
exhibiting a lack of confidence in their mathematical abilities. The effectiveness with



customary teaching methods is questioned since of this disconnect. Worries are
expressed about nurturing understanding coupled with retention of proportional
reasoning skills.

Mathematics is viewed by many of the students as rather abstract and not
relevant, in addition to which it can truly impact their motivation in the learning
process (Jupri, 2017). Student disengagement worsens their struggles to master
proportional reasoning cause they might not invest effort to grasp the concept fully.
The issue can be compounded cause proportional reasoning reasons at a higher order
since it comprehends multiple relations among some relations (Ayan-Civak H. &
Isiksal-Bostan, 2018).

Therefore, this study seeks to address how best to enhance student engagement
and academic achievement in proportional reasoning. This study examines how real
applications may be used as tools to teach this. Ultimately, this research is designed
for offering actionable perceptions for educators, curriculum designers, and
policymakers since it fosters the integration of genuine, real-world contexts into
mathematics curricula to cultivate deeper student learning, heightened engagement,
and improved solving problem capabilities within the domain of proportional
reasoning.

Importance of the Study: This study holds significant importance for several
reasons, particularly within the context of Kazakhstan's evolving education system.
First, it addresses a critical need to boosts mathematics education in middle schools
by focusing on proportion, a foundational concept essential for success in STEM
fields. As Kazakhstan strives to meet international education standards (Meterbayeva
et al., 2015), enhancing students’ understanding and engagement in mathematics
becomes paramount. The President has emphasized the need for education to meet
international standards (Meterbayeva et al., 2015). However, some critics argue that
emphasizing real-life applications may detract from developing a solid grasp of
abstract mathematical theory. Its essential to acknowledge this viewpoint,
recognizing that a well-balanced approach, integrating both theoretical foundations
and practical applications, is necessary for nurturing deep, transferable mathematical
understanding (Boaler, 1998b).

Second, this research is particularly relevant given Kazakhstan's commitment
to modernizing its education system and cultivating a skilled workforce capable of
driving economic and social progress (Meterbayeva et al., 2015). By rigorously
examining how real-life applications impact student engagement and academic
achievement, this study offers actionable insights into helpful teaching methods that
can be readily adopted in Kazakhstani schools. This approach not only deepens
students' comprehension of mathematical concepts but also sparks their interest in the
subject, fostering a more positive attitude towards learning (Arthur et al., n.d.). In
addiction, it equips them with the practical skills necessary to apply mathematical
knowledge in real-world contexts, thereby enhancing their solving problem abilities
and preparing them for future success.

Third, this study is a valuable addition to the expanding collection of research
focused on student engagement, specifically within the realm of mathematics



education. A deeper understanding of effective student engagement strategies in
mathematics is essential for boosting academic performance and equipping students
for success in the future (Hollingsworth, 2012). With increasing emphasis placed on
cultivating 21st-century skills and ensuring global competitiveness, this research
provides educators with tangible strategies to foster more engaging and meaningful
learning experiences for students. Another point is that, the study's emphasis on real-
world applications is in line with the larger goal of encouraging a more useful and
relevant education that adequately prepares students for the challenges and
opportunities presented by the modern world (Arthur et al., n.d.).

Purpose of the Study: The primary purpose of this study is to rigorously
investigate student engagement in addition to academic achievement in mathematics
Impacted by incorporating real-life applications of proportion. This research seeks to
determine with definitiveness whether calculated use of real-life contexts within the
teaching of proportional reasoning leads in demonstrable ways to increased student
interest and motivation. It also tries to see if such use causes stronger, deeper
comprehension of what is taught. This study seeks to have an evaluation of the
effectiveness of this approach through the use of a comparative analysis, as this study
measures the learning outcomes for students that receive instruction improved with
real-life applications against all those students that receive customary instruction, and
thereby this study provides research data of the added value from contextualized
learning. In addition, the study seeks to uncover specific reproducible strategies for
integrating real-life applications within mathematics instruction, and it offers
actionable perceptions for educators who are looking to strengthen their pedagogical
approaches and boosts student outcomes in proportional reasoning.

Furthermore, the study seeks to pinpoint effecient strategies and techniques in
order to integrate real-life applications into the teaching of proportional reasoning for
maximized student learning outcomes. exploring the most engaging as well as
relevant real-life scenarios for students is involved, through the optimal methods for
presenting the scenarios cultivating critical thinking and advanced solving problem
skills (Sujatha & Vinayakan, 2023). project-based learning has the potential to foster
meaningful engagement, so this study will examine its relationship with achievement.
We will evaluate how effectively PBL teaches and helps students learn for a
strategy (Coffman, 2022). Educators should explore active learning pedagogies like
PBL cause PBL seeks to make learning opportunities engaging plus meaningful
incorporating content for achievement (Coffman, 2022).

Ultimately, the overarching goal of this study is to furnish evidence-based
recommendations for enhancing mathematics education by making it more relevant,
engaging, and useful for all students, thereby fostering a deeper appreciation for the
practical applications of mathematical concepts in everyday life.

This research is exceptionally helpful to participants within education. This
research grants teachers useful perceptions into strong tactics for teaching
proportional reasoning via evidence-based methods for integrating real-world
applications into lesson plans. From this study's findings, curriculum developers are
able to learn. mathematics curricula for students can be more relevant, charming, and



efficacious if developers use the findings. textbook writers will also be notified by the
study to bridge content as well as context, formal additive more real-life oriented
mathematical problems will increase the mathematics textbook's effectiveness and
quality (Jalali, 2021).

In addition, policymakers can use the results of this study to make informed
decisions about mathematics education, such as encouraging the use of real-life
applications in classrooms and providing resources for teacher training in this area.
By identifying practices that students prefer their mathematics teachers engage in, the
study can help enhance students' interest in mathematics (Arthur J., 2018).
Additionally, the study contributes to the broader field of mathematics education by
providing research data on the effectiveness of real-life applications as a pedagogical
tool.

In essence, this research has the potential to transform mathematics education
by making it more relevant, engaging, and helpful for all students, and also by
helping students develop the skills and knowledge they need to succeed in the 21st
century.

As educators realize that skills such as problem solving, investigation, critical

thinking cannot be gained easily when knowledge is separated from application in the
real world, this study is designed to integrate mathematics and science curriculum in
a framework that enables teachers to show how beneficial and effecient scientific
knowledge is in real-world application (Al-Mutawah et al., 2022) . Formal additive,
this study addresses the call for educational programs to create students who are
thinkers and doers, capable of applying their knowledge while working in
collaborative environments (Casler-Failing, 2018).
Scope and Limitations:This study focuses specifically on the impact of integrating
real-life applications into the teaching of proportional reasoning among middle
school students. The scope is deliberately centered on exploring how the
contextualization of mathematical content through original, real-world tasks affects
both student engagement and academic achievement.

The choice of sixth-grade students (approximately 11-12 years old) as the
target group for the study were determined by substantive requirements in
mathematical education plus psychological characteristics of their development. J.
Piaget’s theory for cognitive development suggest children at this age transition from
the concrete-operational to the formal-operational stage of thinking. They then begin
to master abstract concepts in addition to logical structures (Piaget, 1972).
Proportional thinking is one of the first truly abstract components in the mathematics
course, requiring the transition from addition to multiplication and an understanding
of the relationships between quantities (Lamon, 2007). Several studies emphasize that
insufficient mastery of proportional relationships at the secondary level of education
leads to serious difficulties in further education, especially when studying algebra,
geometry, and data analysis (Karplus et al., 1983; Vergnaud, 1983). Thus, sixth grade
represents a critical period during which targeted pedagogical interventions can
significantly influence the development of stable mathematical concepts and ensure
students' success in subsequent stages of education.



Proportional reasoning has been identified as a foundational skill necessary for
success in higher-level mathematics and a wide range of real-life contexts, including
science, economics, and technology (Lamon, 2007). Given its cross-disciplinary
importance, improving students’ understanding of this concept is a key goal of
mathematics education, particularly in middle school, when such abstract reasoning
begins to develop more fully (Vergnaud, 1983).

The study is confined to the use of real-life applications as a specific

pedagogical tool, excluding the exploration of other instructional strategies such as
digital simulations, flipped classrooms, inquiry-based learning, or traditional drill-
based approaches. While a variety of teaching methods have been shown to influence
mathematics achievement (Medina Herrera et al., 2024), the focus within this study
narrows to isolate the effects on student outcomes in proportional reasoning of
contextualized, real-world learning scenarios. The research design deliberately limits
the content area so as to maintain focus plus coherence. Thus, algebra, geometry, or
statistics, other mathematical domains, will not be deeply examined.
Formal additive, the study will involve a restricted sample, comprising students from
a limited number of middle school classrooms. While efforts will be made to select
participants from diverse educational settings, the findings may not be generalizable
to the broader population of middle school students across regions or school types.
This limitation is mainly due to practical constraints, such as time, staffing, and
logistical considerations, which may affect the sample size, diversity, and duration of
the intervention. Similar limitations have been acknowledged in other classroom-
based educational interventions, where external validity is often traded off for tighter
internal control (Cohen et al., 2017a).

Moreover, the duration of the instructional intervention is expected to span a
few weeks, which, while sufficient for measuring short-term changes in engagement
and achievement, may not capture long-term retention or conceptual transfer. As
such, the findings should be interpreted within the context of a short-term
experimental study, rather than a longitudinal analysis.

Objectives:

Examine practical challenges employed in mathematics instruction.
Pedagogical attributes of instructing dimensions using practical examples
Methodology for instructing proportions in mathematics education

Assess academic performance and determine appropriate methodologies for
instructing proportions throughout experimental activity.

Scientific Innovations in Understanding Proportional Reasoning: Students
comprehend proportional relationships more deeply since of some research data
indicating embedding mathematical instruction within these real-world contexts
actually helps (Arthur J., 2018; Ayan-Civak H. & Isiksal-Bostan, 2018). This
pedagogical approach moves away from rote memorizing cause it fosters that people
strongly and practically comprehend proportionality and can readily transfer
proportionality to novel situations. Educators work to cultivate critical thinking skills
by grounding abstract mathematical concepts within concrete everyday scenarios.
They use math knowledge also in real situations. This fits well with ideas on
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educating. These philosophies stress relevance along with applicability within
mathematics education, according to Arthur et al. (2018). Also, students may change
mathematical ideas that are abstract into actual strategies for solving problems, which
helps mathematical literacy (Ayan-Civak H. & Isiksal-Bostan, 2018).

Didactic Strategies for Teaching Proportions Using Real-Life Examples:
Research emphasize the didactic benefits of integrating real-life examples into the
instruction of proportional reasoning (Arthur J., 2018). This approach not only
elevates student motivation but also cultivates a deeper emotional and cognitive
investment in the learning process. The incorporation of relatable examples eases
students' retaining and students' understanding the subject matter in greater depth.
Didactic key features include a contextual relevance focus, task complexity's
progressive increase, with independent problem-solving's encouragement (Arthur J., 2018).
These components integrally promote student cultivation of deep, important
academic aptitudes as they confront mathematical obstacles exhibiting assurance and
creativity.

Instructive approaches that cultivate mathematical reasoning have been
discerned via scrutiny of research data (Arthur et al., 2018). These instructional
techniques boosts scholastic consequences with regard to quantitative logic. Effecient
strategies include for example the utilization of project-based learning along with
collaborative solving problem activities. Reflection opportunities that are regular
coupled with classroom dialogue promotion are also useful strategies. These
strategies implemented all together create an environment which is conducive for
mastering proportional relationships comprehensively. Because the recommendations
resulted, they provide a methodological framework that designs curricula, improves
teacher training programs, also eases adoption of revolutionary approaches to
mathematics education. Some students have difficulties when dealing with different
contexts (Arhin, 2018).

In summary, integrating real-life problems into proportion instruction yields
positive effects on student engagement and deep learning. The engagement with
mathematical problems refines students' ability to tackle challenges, enhancing their
capacity to address problems in diverse contexts (Medina Herrera et al., 2024).

Aim:

e The aim of this research is to investigate how integrating real-life proportion

problems into middle school mathematics curricula enhances student
engagement, improves academic achievement.
Research question:

e How does the implementation of a real-life problem learning proportion unit
impact the mathematics engagement and academic achievement of sixth grade
students?

Subject of the research: The use of real-life related problems in teaching the

topic of proportions.

Object of the research: The process of teaching mathematics to 6th-grade

students.
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1. LITERATURE REVIEW

The literature review is a critical component of this research, serving several
Important purposes. Primarily, it systematically examines the existing knowledge on
the impact of real-life applications of proportional reasoning on student engagement
and academic achievement. As previously mentioned, the integration of knowledge
with real-world applications enable the acquisition of skills such as problem-solving,
investigation, and critical thinking.

A thorough literature review is essential for several reasons. First, it establishes
a knowledge foundation by identifying what is known about the relationship between
real-life applications, student engagement, and academic achievement in mathematics
(Lein A. E., 2015). This procedure includes exploring theoretical perspectives,
empirical findings, and methodological approaches used in prior studies. Second,
through a discerning analysis of remaining scholarly works, the review delineates
subjects requiring additional investigation, like unexamined demographics or
settings, or domains probing revolutionary treatments plus evaluative techniques. The
analysis additionally seeks to pinpoint predicaments that students confront. Grasping
as well as implementing proportional reasoning is explored within (Jupri, 2017).
Assessing and integrating remaining scholarship is important to shape the present
investigation's direction and structure and yield a complete comprehension of
knowledge.

The literature review also informs the research design by giving information
about useful interventions, appropriate outcome measures, and potential confounding
variables to consider. Additionally, the review situates the current research inside of
the broader field of mathematics education, and this also shows its relevance and
importance. As mentioned, this study seeks to integrate mathematics into science
curriculum, which enables teachers to show the benefits of scientific knowledge in
real-world applications. In the literature review, project-based learning's potential as a
teaching pedagogy is prove. This pedagogy does engage students and incorporates
21st-century skills, while it maintains academic achievement (Coffman, 2022). The
literature review examines existing research regarding real-life applications plus
project-based learning within mathematics education so it guides the current study's
design as well as ensures building upon prior successes while addressing field gaps.
This comprehension of the theoretical as well as empirical foundations will
strengthen the study's methodology, which will increase the results' likelihood.

Overall, the review enhances the credibility and rigor of the study by
demonstrating that the research is grounded in existing knowledge and contributes to
the ongoing conversation in the field (Sujatha & Vinayakan, 2023).

Finally, the literature review explains all of the study's research questions since
it point out both their importance and field contribution. Basically, the literature
review ensures this research builds on knowledge, addresses gaps, and meaningfully
contributes to understanding how real-life applications can strengthen student
engagement and academic achievement in proportional reasoning. The review needs
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to summarize as well as synthesize findings in order to analyze importance of the
research question. Also, it should give a complete comprehension of current
knowledge instead of just reporting research. This process of critical analysis as well
as synthesis is meaningful to inform the design and focus of the current study cause it
ensures it builds upon previous successes and addresses identified gaps (O’Brien,
2023). The literature review additionally strengthens the credibility as well as rigor of
the research by showing the study is relevant and meaningful within the broader
context of mathematics education.

Proportional reasoning improved abilities of students in science and
mathematics. Ayan-Civak & Isiksal-Bostan (2018) say that this very understanding is
quite solid. Instruction through highlighting the relevance and utility of mathematics
can foster deeper understanding and engagement in solving real-world problems,
connecting mathematical concepts to genuine, practical contexts.

1.1 Defining Key Concepts

Student engagement shapes and constructs a rich complex concept that helps
shape students’ experiences with learning. Cognitive, emotional, and behavioral
engagement represent its three interrelated dimensions each uniquely contributing to
students’ academic motivation, performance, and persistence (Fredricks et al., 2004).
It is quite necessary that educators fully understand and then support each of these
dimensions, for educators must seek to cultivate more meaningful educational
settings that actively promote academic achievement and long-term personal growth.

For learning, students invest intellectually in order to engage cognitively. It
reflects that they willingly exert effort as they apply cognitive strategies in order to
deeply engage with content. Cognitively engaged students show critical thinking and
persistence. They also do show a metacognitive regulation as they strive for a
comprehension of complex concepts (Mahmudi, 2021). They actively work to
construct a meaning, synthesize some new information, and seek to find connections
that exist within and also across subject areas instead of relying upon rote
memorization. Challenges seem like chances for growth to learners and mastery is
their motivation not performance.

Emotional engagement refers to students’ affective responses to learning, plus
these responses include their interest, enjoyment, sense of belonging, and overall
attitude toward school. Students share emotional bonds with instructors, peers, plus
educational settings (Syarifuddin, 2013). Positive emotional engagement fosters
curiosity, intrinsic motivation, together with enthusiasm to explore academic content.
On the other hand, negative emotions are able to greatly inhibit the willingness of
students to participate. Students' feelings of competence or worth in learning lessen
due to anxiety, boredom, or alienation.

Behavioral engagement is focused on the observable actions of students. This
engagement happens inside the academic environment. This includes their
attendance, punctuality, participation within classroom activities, and completion
regarding assignments. Help-seeking behaviors are included as well (Sujatha &
Vinayakan, 2023). Behaviorally engaged students consistently show initiative and
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responsibility since they collaborate with peers, contribute to discussions, and
actively own their learning process. These behaviors signal commitment toward
academic success. They also do show that someone has internalized goals and
expectations related to school.

Collectively, these dimensions interact to create a holistic portrait of a student's
engagement profile. When nurtured together, they promote not only academic
achievement but also self-efficacy, resilience, and lifelong learning habits.

Importantly, real-world applications of some academic content can potentially
boosts all of the three engagement domains. Students achieve greater learning when
instruction incorporates real problems reflecting their lives and goals cause it
motivates them and gains personal meaning (Boaler, 1998b). Educators help students
see what they learn as useful through closing the divide between classroom theory
and its practical application, which processes deeper cognition, invests emotionally,
and participates actively.

For instance, using actual situations alters students’ views about the topic in
math learning. Budgeting, architecture-based measurement, or environmental data
analysis are scenarios. New relevance for abstract or for disconnected concepts does
gain. These concepts then become tools toward making decisions for solving
challenges. According to research (Broza & Kolikant, 2020a), contextualized
learning fosters conceptual understanding and greater perseverance, also motivation
Increases.

Ultimately, for when we foster student engagement, a thorough approach
addressing the cognitive, emotional, and behavioral dimensions of learning is
required. Instructional experiences challenging students intellectually as well as
connecting with emotions and inviting them to take an active role must be created by
educators for them. Teachers are able to learn through embedding genuine contexts,
relate meaningfully inside the classroom, and cultivate an environment in which
students engage and reach for their full potential.

1.2 The Importance of Proportional Reasoning

Proportional reasoning is generally recognized as a vital aspect of quantitative
literacy as well as a bedrock of mathematical expertise. Fundamentally, proportional
reasoning includes identification, depiction, contrasting, and utilization of
multiplicative associations. This deduction is executed amid magnitudes (Lamon,
2007). This capability transcends simple arithmetic; it lets one understand more
advanced mathematical concepts as well as helps one progress toward advanced
topics such as algebra, geometry, probability, and calculus.

The importance of proportional reasoning extends far beyond its utility in
solving textbook problems. Research consistently emphasize its crucial function since
it cultivates students' conceptual comprehension throughout the middle school years,
acting as a cognitive nexus toward more abstract mathematical thought (Karplus et
al., 1983). Students readily comprehend proportional associations also boldly tackle
detailed problem-solving situations. This comprehension empowers them to decipher
and use quantitative arrangements and contemplate correspondence and proportion.
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These abilities are especially crucial when students begin working with rates of
change, linear functions, and other algebraic representations.

Formal additive, proportional reasoning exists deeply within everyday living
practical numeracy required, beyond academic settings. People must frequently
employ proportional reasoning to assess alternatives also attain well-informed
selections in situations like budgeting, cooking, and contrasting discounts. People
additionally require that for deciphering well-being metrics or affecting
determinations contingent on hazard evaluations (National Council of Teachers of
Mathematics, 2000; Suwarsono, 2019) In this regard, fiscal erudition, consumer
cognizance, and civic accountability are advanced by proportional reasoning.

Proportional reasoning also occurs within the rapidly evolving, data-abundant
global economy cause STEM (Science, Technology, Engineering, and Mathematics)
fields remain vital. In scrutinizing scientific information, or grasping engineering
stipulations, or construing statistical associations, experts depend on their skill to
comprehend proportional correlations within inquiry. Specific endeavors stress
dimensional conversion, measurement precision, also scale modeling. These
assignments necessitate interpreting graphs or charts. All these tasks represent
fundamental aptitudes within science and technology.

Since it remains broadly applicable and quite rudimentary, mathematics
pedagogy should consider a proportional logic’s deep, supple, and versatile
comprehension an essential objective. Educational tactics must go beyond simple
routines as well as fully grasp deep, meaningful situations that link academic study to
genuine uses. This includes inspiring varied depictions joined with employing
genuine problematic circumstances. People should foster metacognitive reflection
since it relates to multiplicative reasoning processes as well.

Indeed, strengthening pupils’ proportional reasoning capabilities is not simply
an academic matter; its an crucial stride for readying learners to participate
considerately and adeptly within mathematical fields and wider social predicaments.
Instructors, curriculum architects, and policymakers should stress fostering
proportional reasoning. They can cultivate mathematically literate as well as critically
thinking citizens equipped to navigate modern complexities via revolutionary plus
context-sensitive pedagogical approaches.

1.3 Impact on Student Engagement

Student engagement is a dynamic, multifaceted construct that plays a
foundational role in shaping the quality and depth of students' learning experiences. It
encompasses three interrelated dimensions: cognitive, emotional, and behavioral
engagement, each of which contributes uniquely to students’ academic motivation,
performance, and persistence (Fredricks J. A. & Paris, 2004). Understanding and
supporting these dimensions are essential for educators seeking to cultivate
meaningful learning environments that promote both academic achievement and
long-term personal growth.

Cognitive engagement involves the intellectual investment students make in
learning. It reflects their willingness to exert effort, apply cognitive strategies, and
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engage deeply with content. Students who are cognitively engaged demonstrate
persistence, critical thinking, and metacognitive regulation as they strive to
understand complex concepts (Syarifuddin, 2013). Rather than relying on superficial
or rote memorization, they actively construct meaning, synthesize new information,
and seek out connections within and across subject areas. These learners view
challenges as opportunities for growth and are motivated to achieve mastery rather
than mere performance.

Emotional engagement refers to students’ affective responses to learning,
including their interest, enjoyment, sense of belonging, and overall attitude toward
school. It encompasses the emotional bond students form with their learning
environments, peers, and instructors (Hollingsworth, 2012). Positive emotional
engagement fosters curiosity, intrinsic motivation, and a desire to explore academic
content with enthusiasm. Conversely, negative emotions such as anxiety, boredom, or
alienation can significantly inhibit students’ willingness to participate and diminish
their sense of competence or value in learning.

Behavioral engagement, meanwhile, fixates upon conspicuous pupil conduct
within scholastic settings. This includes help-seeking behaviors (Syarifuddin, 2013),
completion of assignments, participation within classroom activities, punctuality, and
their attendance. Behaviorally engaged students consistently show initiative as well
as responsibility they collaborate with peers, contribute within discussions, plus
actively own their very learning process. These behaviors evince a dedication toward
scholastic attainment. In addition, they assimilate objectives and anticipations tied to

scholastic pursuits.

Collectively, these dimensions interact to create a holistic portrait of a student's
engagement profile. When nurtured together, they promote not only academic
achievement but also self-efficacy, resilience, and lifelong learning habits.

Importantly, real-world applications of academic content have the potential to
enhance all three engagement domains. When instruction integrates original context-
rich problems then these problems mirror students’ experiences plus future ambitions,
students learn via methods that feel applicable, inspiring, and quite meaningful
(Boaler, 1998b). Instructors may aid pupils to perceive the value of their education
via closing the divide involving academic concepts and hands-on usage. This
cultivates improved intellectual engagement, affective commitment, and dynamic
involvement.

In mathematics education, as an instance, in the event that you incorporate
genuine circumstances such as financial planning, ecological data assessment, or
architecture-centered mensuration, this can alter learners’ standpoints on the topic.
Theoretical or unrelated ideas accrue salience as a strong instrument. They aid in
resolving concrete predicaments, also to attain informed resolutions. Investigations
reveal that a movement toward situated education not only increases impetus but also
emboldens people to persist further and comprehend concepts more completely
(Broza & Kolikant, 2020c).

Ultimately, in that moment we cultivate pupil involvement, we require an
exhaustive tactic that confronts how students gain knowledge, experience emotion,
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and conduct themselves. Instructive encounters that test students intellectually as well
as connecting with their emotions, in addition inviting them to assume an active part
within their scholastic expedition must be fashioned by educators. Educators may
foster an instructional milieu via incorporating learning within genuine scenarios.
Inside that classroom, educators can cultivate important relationships, thus enabling
students to realize their complete capabilities as involvement flourishes.

1.4 Impact on Academic Achievement

Research strongly supports the idea that student engagement, academic
achievement, and the use of real-life applications in mathematics education are
tightly interconnected. When students are given opportunities to apply mathematical
concepts—particularly proportional reasoning—in real-world contexts, their
understanding deepens, and their motivation to learn increases significantly. This
integration helps bridge the gap between abstract mathematical theory and
meaningful practice, promoting long-term retention and the development of
transferable problem-solving skills (Boaler, 1998b; Fielding-Wells et al., 2014).

Proportional reasoning—the ability to understand and manipulate ratios, rates,
and relationships between quantities—is a critical skill that supports broader
mathematical thinking. However, its effectiveness is significantly enhanced when
embedded in actual contexts. For instance, students asked to solve realistic financial
or measurement problems demonstrate higher cognitive engagement and a better
grasp of the underlying mathematics (Ayan & Isiksal-Bostan, 2019; Sawatzki et al.,
2019).

Studies have shown that students who are able to relate mathematics to
everyday scenarios—such as adjusting recipes, budgeting, or scaling drawings—
develop a more positive disposition toward the subject and report increased
confidence in their abilities (Banerjee & Bhat, 2025; Prayekti, 2025). This is partly
since real-life tasks make learning more relevant and reduce the perception of
mathematics as abstract or irrelevant (Domondon et al., 2024; Risdiyanti et al., 2024).

Project-based learning (PBL) and inquiry-based approaches have also proven
useful. PBL allows students to investigate real-world problems over extended
periods, encouraging collaboration, reflection, and deeper learning. Research
demonstrates that such approaches significantly strengthen proportional reasoning
skills and support student engagement across cognitive, emotional, and behavioral
dimensions (Coffman, 2022; Ergene & Karabogaz, 2024).

However, while the benefits of real-life applications are well-documented,
some researchers advise caution against over-relying on contextualized examples.
Boaler (1998) and Yezbick (2020) warn that real-world contexts, if not well-aligned
with mathematical learning goals, may distract from the abstract principles students
need to generalize. For instance, some learners may focus too heavily on surface
features of a scenario rather than identifying the core mathematical structure. This
can impede transfer to unfamiliar or decontextualized problems.

Another concern is cultural relevance. When contextual examples are not
sensitive to students’ backgrounds or interests, they may be perceived as artificial or
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irrelevant, leading to disengagement rather than motivation (Beswick, 2012; Calder,
2011). For this reason, designing inclusive and culturally responsive tasks is essential
to ensuring that all students feel represented and empowered in their learning.

In support of this, research by Tjoe and de la Torre (de la Torre & Minchen,
2014) emphasized the need for diagnostic frameworks that assess not only procedural
fluency in proportional reasoning but also students' conceptual understanding and
ability to transfer knowledge. Similarly, Norton (2005) highlighted how genuine
investigative tasks helped pre-service teachers enhance both content mastery and
pedagogical awareness, suggesting long-term benefits for both learners and
educators.

Despite challenges, most scholars agree that the thoughtful integration of real-
life applications—supported by diverse instructional strategies and aligned
assessments—can transform mathematics learning. As Fielding-Wells (2014) noted,
inquiry-based models that value engagement, reflection, and authenticity create
conditions where students see mathematics not just as a subject, but as a powerful
tool for understanding and navigating the world.

Impact of Academic Achievement and Student Engagement in Mathematics on
PISA Results: The Programme for International Student Assessment (PISA),
overseen through the Organisation for Economic Co-operation and Development
(OECD), devises an evaluation which efficiently gauges how 15-year-old students
use their understanding and capabilities for quandaries within literacy, science, and
mathematics in legitimate, actual existence. Mathematical skill constitutes specific
importance inside the PISA model. It includes requisite proficiencies for example
data interpretation, proportional reasoning, also mathematical modeling.

Academic Achievement and PISA Performance: Academic achievement in
mathematics, typically evaluated through school grades and standardized
assessments, has been shown to correlate positively with students’ performance on
PISA (OECD, 2019). Students who demonstrate strong academic outcomes in
traditional settings generally perform better in international benchmarking, especially
in domains related to algebra, percentages, and proportional relationships. However,
existing research reveal that high achievement in classroom-based assessments does
not always translate into high performance on PISA. This is particularly the case
when instruction is overly procedural, emphasizing rote learning over conceptual
understanding and real-world applicability (Boaler, 1998b).

In the context of Kazakhstan, although students often attain satisfactory
academic results in mathematics at the national level, the PISA 2018 results revealed
a decline in mathematical literacy compared to PISA 2015. This disparity show
schools considerably mismatch pedagogical approaches with the aptitudes PISA
evaluates (Pons et al., n.d.). Pupils might be capable to execute computations coupled
with resolving formulated equations. Nevertheless, many people battle when they are
tasked with employing such capabilities to analyze original data or surmount
dilemmas demanding proportional logic within novel situations.

Student Engagement as a Predictor of PISA Success: Student engagement
influences mathematics outcomes in PISA since it emerged as a critical factor like
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academic performance does. Engagement is typically understood as being a
multidimensional construct that includes cognitive, emotional, and also behavioral
components (Fredricks et al., 2004). Research has shown that students succeeding in
complex PISA tasks demanding reasoning, reflection, as well as adaptability are more
likely to be cognitively engaged (Fielding-Wells et al., 2014).

In Kazakhstan, the decline in PISA mathematics scores has also been linked to
low levels of student motivation and engagement. Contributing factors do include
test-related unease, dearth of captivation regarding the subject, and exposure to
contextualized real-world mathematical tasks that were insufficient (Kazima, 2013).
These predicaments stress why educators must address pedagogy in a specific
manner. They should not only focus upon acquiring knowledge but cultivate
students’ intrinsic motivation as well as sustained involvement in mathematical
thinking.

Combined Effects of Achievement and Engagement

Current empirical research underscores that students flourish academically and
engage regarding forecasting performance throughout international assessments such
as PISA. Eminently successful learners exhibiting apathy might battle when faced
with revolutionary quandaries. Even extremely dedicated pupils who possess
Inadequate primary capabilities can perceive undertaking advanced deductive
activities as challenging. Accordingly, instructional efficacy and student involvement
strategies both must be addressed to boosts upon national PISA outcomes (Fredricks
et al., 2004; Sujatha & Vinayakan, 2023)

This mandates a twofold strategy: we elevate the caliber of mathematics
education when we assimilate information theoretically and empirically, and we
concurrently cultivate pupil enthusiasm and action should instruction link
mathematics to original circumstances. These endeavors correspond with the global
movement toward competence-based education as well as furnish a bedrock that
improves academic success plus functional mathematical literacy, as PISA and
similar assessments require.

1.5 Functional Mathematical Literacy, Engagement, and

Academic Achievement

Research also suggests that while genuine contexts can support motivation and
application, they do not always result in deep conceptual understanding or successful
knowledge transfer (Coffman, 2022; Sujatha & Vinayakan, 2023). In some cases, students
may rely too heavily on surface-level cues in real-life problems, thereby undermining
their procedural fluency and abstraction skills (Beswick, 2011; Boaler, 1993).

As a result, a balanced pedagogical approach is essential—one that integrates
real-life contexts with explicit instruction in core mathematical concepts and
procedures. Such a hybrid model not only fosters engagement but also ensures that
students build a strong conceptual foundation, which is critical for long-term
mathematical proficiency (Stein et al., 2000).

Current research point out the important relationship between functional
mathematical literacy, student engagement, and academic achievement. Functional
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mathematical literacy is defined as the ability to apply mathematical knowledge and
skills in meaningful life contexts, from making decisions in everyday life to critically
understanding numerical information (Sujatha & Vinayakan, 2023;).

Coughlin  (2003) examined the dynamics of brain activity in schoolchildren
and found that functional neural networks activated when solving mathematical
problems are predictors of successful academic performance. This confirms the link
between deep cognitive engagement and functional literacy in mathematics.

In addition, research shows that the use of tasks related to real-life situations
(e.g., budgeting, scaling, price comparison) increases engagement at both cognitive
and emotional and behavioral levels (Boaler, 1998; Broza & Kolikant, 2020;
Caratozzolo et al.,, 2025). Such tasks develop critical thinking and motivation,
especially in middle school students, whose engagement often declines (Martin et al.,
2014).

Also significant are the results of Zapata-Rivera (2024) who prove that the
integration of generative Al and personalized feedback enhances functional literacy
through adaptive student engagement.

In educational practice, the use of real-life tasks in proportional reasoning
contributes to:

e Formation of a strong conceptual base;
¢ Increasing self-efficacy;
e Increasing interest in the subject and internal motivation (Fredricks et al.,

2004; Lein et al., 2015).

It is engagement, as a complex psychological and pedagogical phenomenon,
that becomes a mediator between functional literacy and academic achievement
(Fredricks et al., 2004; Skinner & Belmont, 1993).

1.6 Comparative Analysis of Proportional Reasoning in

Mathematics Textbooks: Kazakhstan and Singapore

As part of this study, a substantive analysis of mathematics textbooks
recommended by the Ministry of Education of the Republic of Kazakhstan for the 6th
grade were conducted. The purpose of this analysis were to identify the degree of
presentation of tasks aimed at developing students' skills in applying proportionality
concepts in real-life contexts.

The results of the analysis showed that the overwhelming majority of tasks in
the textbooks are formal in nature. The main focus is on mastering algorithms for
finding an unknown proportion term, solving problems on “diagonal multiplication”
and transforming relations. However, tasks that model life and socio-economic
situations - such as determining discounts, scaling, calculating the proportional
distribution of resources, etc. - are presented in a limited way and, as a rule, are not
integrated into the systemic educational strategy. This limits the development of
applied skills in schoolchildren, reduces motivation for learning and hinders the
formation of functional mathematical literacy (Kazima, 2013; Nissa, 2019).

A comparative analysis of the definitions of real-life tasks presented in the
methodological developments of the Center for Pedagogical Measurement of the
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Nazarbayev Intellectual Schools AEO (2023), in the works of Temerbekova,
Chugunova and Baygonakova (2013), as well as in the international PISA framework
(Pons et al., n.d.), made it possible to identify the key characteristics of such tasks:

e contextuality and proximity to reality;

e the presence of a choice of solution strategy;

¢ the need to apply mathematical knowledge for analysis and decision-making;

e development of critical and logical thinking.
Thus, the author of this study proposed the following definition, taking into account
the specifics of teaching proportions in the 6th grade:

Real-life problems on the topic of proportions (in the 6th grade mathematics

course) are learning tasks that are close to the everyday, social or economic reality of
students (e.g. planning pocket money, calculating the cost of products, cooking
according to recipes, changing the scale of drawings or maps), requiring the use of
the concepts of ratio, share and proportion to solve practically significant problems,
analyze information and justify decisions made.
Integrating such problems into the educational process contributes not only to a more
meaningful and profound assimilation of concepts related to proportionality, but also
to the activation of students' cognitive activity. This, in turn, has a positive effect on
academic performance and the development of mathematical literacy, such as in the
context of international comparative studies such as PISA (Pons et al., n.d.; Stillman
etal., 2010).

As part of the empirical part of the study, a systematic quantitative and
qualitative analysis of the content of proportion problems in mathematics textbooks
for grade 6 used in the educational practice of the Republic of Kazakhstan and
Singapore were conducted. The purpose of the analysis were to identify the degree of
representation of problems close to real-life situations as an essential means of
developing students' functional mathematical literacy.

1.6.1 Kazakhstani textbooks

The sample for content analysis encompassed two prominent sets of
mathematics textbooks, each structured into two sequential parts and officially
approved for use in Kazakhstani schools. These are:

1. The textbook series edited by E.A. Abylkasymova, T.P. Kucher, and Z.A.
Zhumagulova.

2. The textbook series edited by T.A. Aldamuratova, K.S. Baysholanova, and
E.S. Baysholanova.

Each of these textbook sets is widely implemented in the national curriculum
for sixth-grade mathematics and forms the core instructional resource for the topic of
ratios and proportions. The selection of these materials for analysis were guided by
their national relevance and widespread classroom adoption, thereby ensuring the
findings are generalizable to mainstream educational practices in Kazakhstan.

The results of the analysis reveal that the total number of problems related to
the topic of proportions ranges from 12 to 16 tasks per textbook part. These problems
are generally found in dedicated chapters on ratios, proportions, and related concepts
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such as percentages and rates. However, when considering only those problems that
are embedded in real-life contexts, the numbers decrease significantly, ranging from
5 to 8 problems per part. These real-life problems include tasks that simulate practical
scenarios such as price comparisons, recipe adjustments, or simple budgeting
examples.

In quantitative terms, the proportion of contextually grounded, real-life
problems across the analyzed textbooks averages approximately 43% of the total
tasks dealing with proportions. This figure reflects a moderate level of integration of
applied mathematical tasks within the curriculum. It suggests that while real-life
context is not absent, it remains secondary to formal, procedural exercises. This may
limit students’ opportunities to engage in problem-solving activities that mirror the
kind of quantitative reasoning required in everyday situations.

Figure 1.6.1.1 Problems on proportions in the textbook (E.A. Abylkasymova)

The textbook series edited by E.A. Abylkasymova, T.P. Kucher, and
Z.A. Zhumagulova.

= Another Task of proportion Real-life Problems of Proportion =

Notably, a slightly more favorable picture emerges in specific cases. For
example, in the first part of the textbook edited by Aldamuratova et al., the number of
proportion problems situated in actual, real-world contexts reaches 8 out of 15, which
corresponds to approximately 53 %. This show a vague comparison Stronger
emphasis on applied mathematics in this particular textbook volume, aligning more
closely with the principles of functional mathematical literacy and contextualized
instruction.
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Figure 1.6.1.2 Problems on proportions in the textbook (T.A. Aldamuratova)

The textbook series edited by T.A. Aldamuratova, K.S.
Baysholanova, and E.S. Baysholanova.

= Another Task of Proportion = Real-life Problems of Proportion

Despite this relative progress, the overall data underscore a persistent
pedagogical imbalance: the majority of textbook problems continue to be abstract and
procedural, focusing mostly on algorithmic competence rather than conceptual
understanding and real-life applicability. Given the goals of the updated educational
content (OXKCB) in Kazakhstan—which emphasize the development of functional
literacy and critical thinking—these findings point to a need for revising and
enriching task design in textbook content to ensure more consistent and meaningful
exposure to real-world mathematical applications.

Figure 1.6.1.3 Kazakhstan Math Books

Kazakhstan Math Books
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1.6.2 Singapore Math Textbooks

For comparative purposes, a detailed content analysis were conducted on four
core components of the internationally acclaimed Singapore Math curriculum,
specifically the 6A and 6B Textbooks and Workbooks. These educational materials
have garnered global recognition for their emphasis on conceptual understanding,
problem-solving, and the application of mathematical reasoning to real-world
contexts. As such, they provide a valuable benchmark against which the Kazakhstani
textbooks can be evaluated.

The analysis revealed a notably higher density of proportional reasoning
problems in the Singaporean resources compared to their Kazakhstani counterparts.
In each textbook or workbook component, the number of tasks explicitly focused on
proportions ranged from 14 to 18 problems, demonstrating a substantial commitment
to reinforcing this foundational mathematical concept.

Figure 1.6.2.1 Problems on proportions in the textbook (The Singapore Math 6A
Workbook)

The Singapore Math 6 A Workbook

61%

= Another Task of Proportion Real-life Problems of Proportion

Significantly, a large proportion of these problems—between7 and 11 per
component—were found to be explicitly grounded in real-life situations, yielding an
average of approximately 61% of all proportion-related tasks. This high incidence of
context-rich problem sets reflects a deliberate pedagogical strategy to foster
functional mathematical literacy by embedding mathematical principles within
familiar, meaningful, and practical scenarios.

The Singapore Math 6A Workbook and the Singapore Math 6B Textbook were
identified as the most saturated with real-life applications of proportional reasoning.
In these volumes, up to 11 problems are structured around genuine, everyday
contexts. This represents over 60% of the proportional reasoning tasks in each
book—an exceptionally high ratio by international standards.
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Figure 1.6.2.2 Problems on proportions in the textbook (The Singapore Math 6B
Textbook)

Singapore Math 6B Textbook

65%

= Another Task of Proportion Real-life Problems of Proportion

The nature of these contextual problems spans a wide variety of practical
domains, including:

e Currency exchange calculations, allowing students to apply proportions
in financial literacy contexts;

e Product price comparisons, which involve unit rate reasoning and
decision-making;

e Time and resource allocation scenarios, which foster planning, critical
thinking, and strategic problem-solving.

These tasks go beyond basic mathematics. Students have to interpret such
information plus select strategies that are appropriate. Justifying reasoning as well as
making informed decisions often are other requirements based on multiple variables.
Learning experiences deeply embedded in real-world applications to enhance
engagement coupled with conceptual transfer are advocated for by situated learning
besides constructivist theories.

In summary, the Singapore Math series is one which best integrates applied
mathematics at a primary education level. Connecting of mathematical theory with
practical experience through its structured inclusion in proportion problems within
life-relevant contexts shows an effort reinforcing both deep conceptual understanding
and long-term retention in a systematic way. These findings stand in marked contrast
with the Kazakhstani materials. Those contexts that are applied are less common and
often are peripheral in those materials. Thus, the comparison emphasize potential
areas within Kazakhstan’s educational system for textbook development and
curricular reform
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Figure 1.6.2.3 Singapore Math Books

Singapore Math Books
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1.6.3 Comparative conclusion

The comparative analysis between Singaporean and Kazakhstani mathematics
textbooks yields several meaningful as well as instructive conclusions within the field
of teaching the topic of proportions. These conceptualizations offer perception into
each country’s mathematics curriculum's educational approach. Furthermore, these
perceptions bear wider consequences upon curriculum construction notably when
advancing practical mathematical expertise and judicious reasoning.

Integration of Real-Life Applications: One of the signal discoveries of this
contrastive study is Singaporean textbooks assimilate realistic and circumstance-
abundant quandaries to a markedly greater extent. The Singapore Math curriculum
consistently situates mathematical assignments amid commonplace life circumstances
including budgeting and travel in addition to science-related implementations. This
strategy locates proportional logic inside meaningful situations, building pertinence.
Also, this methodology cultivates transferability (Fielding-Wells et al., 2014,
Risdiyanti et al.,, 2024). Conversely, textbooks from Kazakhstan mainly stress
algorithmic processes through exceedingly theoretical, isolated predicaments.
Attributable to this, pupils could forfeit prospects for perceiving mathematics' factual
worth inside their everyday existence. This realistic worth is vital for motivation
along with long-term retention (Banerjee & Bhat, 2025; Boaler, 1998b).

Textbooks from Kazakhstan manifest a distinct inclination toward regimented
and frequently iterative drills since they prioritize adherence over comprehension.
Learners are infrequently incited via such tasks for interpreting, evaluating, or
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justifying their rationale within a wider framework, albeit helpful to developing
procedural skill. Since contextualized tasks are nonexistent, prospects are lessened
for students toward participating in higher-order thought, like analyzing relationships,
modeling real phenomena, or reflecting upon their problem-solving strategies
(Hmelo-Silver, 2004; Tursynkulova et al., 2023). Conversely, Singaporean materials
commonly include open-ended questions and problems; these questions and problems
necessitate estimation, reasoning about units and quantities, and decision-making,
each of which remain crucial toward cultivating critical thinking and mathematical
flexibility (Zubainur et al., 2020)

Pedagogical Implications of Contextualization: The systematic and intentional
inclusion of applied, real-world problems—as seen in the Singapore Math
approach—can be understood as an helpful pedagogical strategy grounded in
constructivist learning theory. By connecting abstract concepts to tangible
experiences, this approach supports cognitive engagement, enhances motivation, and
contributes to the development of conceptual understanding (Boaler, 1993;
Domondon & Corpuz, 2024). Research has shown that students are more likely to
internalize mathematical ideas and remain engaged in their learning when they
perceive tasks as relevant and purposeful. Formal additive, such contextualization
promotes equity by validating diverse cultural experiences and providing multiple
entry points for understanding (Prayekti, 2025).

Implications for Curriculum Reform in Kazakhstan: These identified
differences underscore the urgent need to reconsider and revise the methodological
frameworks used in the design of educational tasks in Kazakhstani textbooks. In
particular, there is a growing necessity to align task design with broader educational
goals such as developing practice-oriented mathematical literacy, preparing students
for real-world problem-solving, and fostering lifelong learning habits (Coffman,
2022; de la Torre & Minchen, 2014) Proportional reasoning, as a foundational
mathematical concept with broad applicability, provides an ideal platform for such
pedagogical transformation. Introducing real-life tasks and encouraging
interpretative, multi-step problem-solving can significantly elevate the educational
value of the curriculum and better prepare students for the complexities of the
modern world.

In conclusion, this comparative study not only point out the strengths of the
Singaporean approach to embedding mathematical concepts within real-world
contexts but also reveals a critical gap in the Kazakhstani educational framework that
warrants strategic and evidence-based intervention. Moving forward, national
curricula would benefit from adopting a more balanced approach—one that integrates
procedural fluency with contextual understanding, and abstract reasoning with
applied problem-solving. Such a shift is essential for cultivating mathematically
literate individuals who can think critically, act responsibly, and contribute
meaningfully to society.
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1.7 Comparative analysis of the project assignment and typical

learning tasks

One of the key areas of the updated educational content (ICE) in Kazakhstan is
the development of functional literacy of students. However, as shown in the analysis
of mathematics textbooks for the 6th grade (see sections 2.4.1 and 2.4.2), most tasks
related to proportions retain an algorithmic focus and formal nature, without going
beyond abstract mathematical operations. Assignments on ratios and proportions, as a
rule, involve finding the unknown in an equality, and only in 42% of cases do they
include at least a partial practical context.

Meanwhile, in accordance with international studies (PISA, OECD, 2018) and
recommendations of national institutes (Y. Altynsarin NAO, NAO NIS), the
development of functional literacy requires setting contextualized tasks for students
that simulate real-life situations and involve not only calculation, but also analysis,
comparison, interpretation, choice of strategy and reflection.

Table 1.7.1 Comparative analysis of the project assignment and typical learning

tasks

criteria Typical Textbook Project-Based Task “Garden Plan
Task 10x10”

Real-life context Formal, abstract Practical:  planting plan, seed
numbers; lacks distribution, water usage, area
storyline calculations

Task format Isolated problem, one- Multi-step project with tables,
step algorithmic visualizations, and argumentation
solution

Interdisciplinary Rarely present Includes biology, ecology,

links geography, and financial literacy

Functional Weak; focuses on High; involves data interpretation,

mathematical procedural fluency decision-making,critical-thinking

literacy

Mathematical Basic ratios and finding Ratios, percentages, fractions, areas,

content unknowns in proportions relationships, and visual data

representation

Cognitive level Level I-II: Level 11I-V:

(Bloom’s knowledge, application, analysis, synthesis,

Taxonomy) comprehension evaluation

Type of Routine, algorithmic Investigative, analytical, and critical

thinking
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Data Textual or  numeric Includes tables, graphs, visual

representation expression only models, and diagrams
Collaborative Not expected Can be done in groups; encourages
work planning and peer discussion

As noted in the 2021 State Basic School and the methodological
recommendations of the Ministry of Education of the Republic of Kazakhstan, its the
life tasks associated with the application of mathematical knowledge in non-standard
situations that are an indicator of achieving the goals of the Basic Basic School.
However, in current textbooks, such tasks are not enough, and they do not represent a
complete didactic model for the development of proportional thinking in
schoolchildren.

In response to these limitations, the author developed a project task “"Garden
Plan 10x10", a full description of which is presented in the appendix (see pbl.docx).
The assignment is structured as a five-stage mini-project, in which students work
with a garden plan, calculate proportions between plant seeds, determine areas and
percentages, compare water consumption, and analyze the results in tables and charts.
It focuses on the practical application of mathematical knowledge, the development
of critical thinking, the formation of environmental awareness, and visualization
skills.

1.8 Summary of the Literature Review

Despite the challenges associated with implementing real-life applications
throughout mathematics instruction, this approach is a valuable pedagogical strategy
since of the possible benefits for student engagement and academic achievement.
Mathematics connects with genuine, real-world scenarios and helps students perceive
the subject, which makes them motivated and deepens understanding (Boaler, 1998;
English & Watson, 2011). In proportional reasoning, a foundational concept which is
supporting of higher-level mathematics and real-life decision-making is essential.

However, research emphasize that students often battle to understand the
intrinsic multiplicative relationships in proportional reasoning plus often use additive
or superficial strategies (Ayan-Civak & Isiksal-Bostan, 2018; Misailidou & Williams,
2003). To address this, educators must contextualize problems and teach the
mathematical structures that govern them. This does involve a deliberate instructional
design. Examples are incorporated, also they should be culturally relevant, personally
meaningful, and cognitively accessible to learners (Civil, 2007; Gutstein, 2006). In
addition, student reflection is being promoted, classroom discourse is being
encouraged, and these actions then close the divide between the lived experiences and
abstract mathematical concepts.

If educators address these instructional challenges in a careful way, they can
maximize the effectiveness of real-life applications. They can adopt also a balanced
reflective approach. This fosters improved expertise in proportional reasoning as well
as a long-term appreciation of mathematics for understanding the world.
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2. METHODOLOGY

As middle school students navigate through the transition from elementary to
secondary education, we must foster their engagement and they must achieve
academically as a priority which is critical. Important physical, psychological, social,
and cognitive changes increase the stress and adversity of young adolescents during
this developmental stage (Cauley & Jovanovich, 2006; Borman et al., 2019). Schools
are able to implement transition programs for reducing these challenges. The
programs can be tailored for all of the students’ developmental needs. Such programs
are needed to help students thrive during this transition for academic growth and
belonging plus social and emotional support (Cauley & Jovanovich, 2006).

Teachers can boosts middle school students' engagement and achievement if
they incorporate real-life problems with proportions into mathematics instruction.
This approach aligns with theories about the importance of addressing students'
fundamental psychological needs. Addressing those needs like autonomy fosters
intrinsic motivation along with engagement (Alley, 2019). Educators can capture
student interest as well as encourage learning ownership by designing activities
challenging proportional reasoning application to relatable, actual scenarios.
Mathematical concepts relate to students’ everyday experiences in tasks like recipes'
adjustment or maps' interpretation since they motivate students and nurture student
autonomy.

2.1 Theoretical Framework

This study grounds itself in several key theoretical frameworks which relate to
student engagement, educate in mathematics, as well as apply real-life contexts in
learning. Theories for situated learning, constructivism, and engagement theory
elucidate the mechanisms through which real-life applications of proportional
reasoning can impact student outcomes specifically. The study seeks for
improvement of knowledge retention and transfer. Mathematical problems are
situated within relatable, authentic contexts as situated learning principles are
leveraged. This approach recognizes that learning can be most effecient at a time
when its embedded into meaningful real-world scenarios which allow students in
order to connect abstract concepts with their lived experiences.

Furthermore, the constructivist perspective informs the pedagogical approach,
emphasizing active student engagement in constructing their own understanding
through problem-solving and critical-thinking activities. Constructivism suggests that
learners build knowledge actively rather than passively receiving it, and this study
seeks to create an environment where students can explore, experiment, and construct
their own understanding of proportional reasoning.

Finally, engagement theory provides a lens through which to examine the cognitive,
emotional, and behavioral dimensions of student involvement, with the expectation
that real-life applications will foster increased motivation, interest, and participation
in mathematics. By addressing these multiple dimensions of engagement, the study
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aims to provide a comprehensive understanding of how real-life applications can
enhance students' overall learning experience and academic outcomes.

2.1.1 Situated Learning Theory

Originally developed by Jean Lave and Etienne Wenger (1991), situated
learning theory posits that learning is fundamentally a social and contextual process.
According to this perspective, knowledge is not learn in isolation but is co-
constructed through meaningful participation in genuine activities situated within
real-world environments. In the context of mathematics education, situated learning
emphasizes the importance of embedding mathematical concepts in practical,
everyday scenarios that mirror how such knowledge is used outside the classroom
(Brown, Collins, & Duguid, 1989).

By embedding proportional reasoning within genuine, relatable contexts—such
as budgeting, cooking, or measurement—the present study leverages the situated
learning model to foster both relevance and transferability. Research suggests that
when mathematical problems are framed within familiar and culturally meaningful
scenarios, students are more likely to internalize concepts, apply them flexibly, and
retain them over time (Boaler, 1998; Cobb & Bowers, 1999). This context-rich
approach not only deepens conceptual understanding but also empowers learners to
bridge the gap between abstract knowledge and its practical application (Greeno,
1998).

2.1.2 Constructivism

Constructivism posits that learners actively construct their own understanding
of the world through experience and reflection rather than passively receiving
information (Piaget, 1972). In this study, the implementation of real-life
applications is designed to foster student engagement in problem-solving and critical-
thinking activities, encouraging them to form meaningful connections between
abstract mathematical concepts and everyday phenomena. According to (Fosnot,
2013), such experiential learning environments support the construction of
knowledge by allowing students to test ideas, confront misconceptions, and
reorganize their thinking through active exploration.

This active construction of knowledge is anticipated to enhance academic
achievement and lead to a more profound understanding of proportional reasoning, a
fundamental mathematical concept with wide applicability in both academic and real-
world contexts. By engaging with genuine, context-rich tasks, students are more
likely to internalize mathematical principles deeply, as they become co-creators of
their learning rather than passive recipients. As (Bruner, 1961) emphasized, when
students discover concepts through inquiry and application, they develop stronger
cognitive frameworks that support long-term retention and flexible knowledge
transfer.

2.1.3 Engagement Theory
Another foundation of the theoretical framework is engagement theory, as it
offers perceptions into learning outcomes plus how student involvement influences
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them. Engagement is generally conceptualized by people as a multi-dimensional
construct since it comprises cognitive, emotional, and behavioral domains (Fredricks
et al., 2004) Cognitive engagement reflects students' investment as they learn with the
use of self-regulatory strategies; emotional engagement involves their affective
reactions since they feel the subject; behavioral engagement includes them
participating throughout classroom tasks and activities.

Within the classroom, real-life applications enhance all three dimensions of
engagement (Lein A. E., 2015). Increasing data seems to show this point. Students
are apt to have more intrinsic motivation, put forth more cognitive effort, and persist
when they see mathematics as relevant and useful (Schunk et al., 2008). Sujatha and
Vinayakan (Sujatha & Vinayakan, 2023) did research then found this alignment.
They do stress that task relevance drives both academic motivation along with
achievement in mathematics.

Engagement theory stresses autonomy as well as competence and also
relatedness, as self-determination theory (SDT) outlines (Deci & Ryan, 1985). Real-
world contexts may be added by educators into instruction on proportional reasoning
for better learning plus academic resilience, fostering purpose and connecting
classrooms while increasing students’ competence perception (Connell & Wellborn,
1991; Reeve, 2012).

2.2 Justification for the Use of a Single-Group Design

Justification for the Use of a Single-Group Design This study employs a single-
group pre-test/post-test quasi-experimental design to investigate the impact of real-
life application tasks on students’ academic achievement and engagement in
proportional reasoning. The choice of a single-group design is grounded in both
practical and methodological considerations, and it aligns with the nature and context
of the educational setting in which the research is conducted.

One of the primary reasons for choosing a single-group design involves
feasibility. Logistical concerns often surface within real classroom settings like
middle school in this analysis. Random student assignments for experimental groups
and control groups are difficult or impossible given these worries. School scheduling
constraints typically pre-determine classes so reorganizing them may disrupt regular
instruction regarding research. Since researchers use just one intact class as a group
for experimentation, the intervention can be applied in a natural way, with disruption
kept to a minimum, and ecological validity is improved as well.

Ethical issues greatly affect the decision when people will not use a no-
treatment control group. The intervention in this study can enhance engagement and
student learning given real life uses of proportional reasoning. Ethical concerns are
indeed raised by deliberately withholding of this potentially helpful instructional
strategy from out of a control group, especially when dealing with those young
students. All participating students benefit equally under the improved instruction. A
single-group design ensures this.

Change measurement becomes possible in the same student group through the
design's structure. The method considers this measurement to be occurring for a
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period of time. Each student has the ability to control for themselves. This does
reduce individual variability as well as strengthens the internal consistency of the
results. By a comparison of how students perform and how they engage both before
and after the intervention, the research can isolate how real-life application tasks do
potentially affect learning, plus it can provide valuable perceptions into the direction
and magnitude that gains then take.

Formal additive, the single-group design suits exploratory and practice-based
research quite well, such as this study, which seeks to close the divide between
theoretical recommendations in mathematics education and how educators implement
them practically in real classrooms. This design is often used in pilot studies to
establish initial evidence of effectiveness and to inform the development of future,
more controlled studies that identify practical challenges. While we acknowledge the
lacking of a control group limits the ability to fully eliminate confounding variables
(e.g., maturation, external influences), the design remains a valid with informative
approach when contextualized properly. Careful planning and also consistent
instruction can help to reduce all these limitations. Suitable statistical analysis, as
paired-sample t-tests as well as effect size calculations, is able to offer a reliable
assessment regarding the intervention’s impact. Classroom research's real-world
constraints with the ethical responsibility to provide all students with equitable
learning opportunities, and the design's suitability for measuring change justify the
use of a single-group pre-test/post-test design.

2.3 Participants and Setting

The participants in this research were sixth-grade students enrolled at the
Dostyq Education Center in Almaty, Kazakhstan, an educational institution known
for both academic excellence as for pedagogical innovation. The study included 24
students from about 11 to 12 years in age. The researcher taught some regular
mathematics classes, and from one of them all participants were selected as a part of
just a single intact experimental group. We purposefully sampled, designing our
approach for retaining the classroom environment. This design ensured the
maintenance of ecological validity as well as minimized any disruptions to routines.

Logistical plus ethical issues prevented control group usage in this study. The
research used a single-group pre-test/post-test quasi-experimental design instead so
the researcher could intervene within an educational setting that occurred naturally.
This design does commonly appear in school-based research in cases where
researchers cannot randomly assign nor experimentally manipulate (Cohen et al.,
2017b). All students received the same instructional content, integrating real-life
proportional reasoning tasks, so the findings became relevant within actual classroom
practice.

Of critical importance to the design of the study were also the participants' age
as well as developmental characteristics. Typically, sixth-grade students are 11-12
years old. This group of students experiences crucial cognitive, social, plus emotional
growth. Cognitive development theory by Jean Piaget says students now move from
thinking which is concrete operational to thinking which is formal operational. As
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noted in “Piaget, 19707, Piaget developed this theory. Skills in abstract reasoning,
hypothetical-deductive logic, and the mental manipulation of variables mark this
developmental shift necessary for mastering proportional reasoning (Karplus et al.,
1983; Lamon, 2007).

However, this transition is gradual as well as often incomplete at this stage. For
many learners, its still the case that concepts like ratio and proportion pose cognitive
challenges that are meaningful for them, and problems will arise. For such focused
actions, sixth grade presents a “critical window”. These interventions close the divide
linking hands-on work to math concepts (Vergnaud, 1983). This developmental phase
becomes especially useful with the introduction of real-life, context-rich
mathematical problems by teachers. Learners may situate abstract proportional
concepts within familiar meaningful experiences through this introduction that can
provide conceptual scaffolding (Boaler, 1998b; Sujatha & Vinayakan, 2023).

From a motivational psychology perspective, middle school students are also
highly sensitive to both the relevance and the authenticity of learning tasks. For
students within this age group, quite a few studies suggest they are more likely to
engage in learning activities when these activities are perceived as connected to “real-
life situations” and “personally meaningful goals” (Eccles & Wigfield, 2002; Ryan &
Deci, 2000). As a results, the contextualization through mathematics instruction—
through problems such as budgeting, comparing product prices, or adjusting
recipes—can greatly boosts both intrinsic motivation and task persistence cause it
ultimately leads to deeper conceptual understanding and better academic performance
(Jupri, 2017)

Social aspects in learning affect early adolescence years greatly. Academic
attitudes are shaped via the classroom environment, which has an essential role as
students develop identity as well as belonging. The intervention in this study,
designed to foster a supportive plus interactive learning culture, included
collaborative group tasks, peer discussions, together with shared problem-solving
experiences. Based upon Vygotsky’s sociocultural theory, learning is essentially a
social process, and collaboration by peers inside the zone of proximal development
(ZPD) can speed up comprehension and engagement cause Vygotsky and Wertsch
found this in 1978 and 1991. By implementing the instructional intervention in a
natural classroom setting where students were already familiar with one another and
the instructor, the study were able to maximize rapport and instructional continuity,
both of which are essential for maintaining student engagement and experimental
integrity (Fredricks et al., 2004). The intact group structure also allowed for true
observations of how real-life proportional reasoning tasks influenced not only
academic outcomes but also emotional involvement, social participation,
and metacognitive strategy use among sixth-grade learners.

In summary, the choice of participants were both pedagogically and
developmentally appropriate. The study were carefully designed to respond to the
unique cognitive and emotional needs of early adolescents, using a research setting
that mirrored real classroom conditions. This design not only supports the validity
and transferability of the findings but also offers practical insights for educators
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seeking to strengthen mathematics teaching in middle school contexts across
Kazakhstan and similar educational systems.

2.4 Questionnaire

To evaluate student engagement in the context of learning mathematics through
real-life applications of proportion, this study employed a quantitative data collection
method using a structured, paper-based questionnaire. Questionnaires are widely used
instruments in educational research as they enable the systematic collection of data
from a broad participant base, either through direct (face-to-face) administration or
indirect means (e.g., paper or digital forms), providing standardized and comparable
data (O’Toole & Beckett, 2010).

This study used a closed-ended questionnaire format, consistent with the
recommendations of Sarantakos (2005), who emphasized that closed questions are
easier to administer and analyze, especially in school settings. Such formats also
enhance the reliability of data by reducing the likelihood of irrelevant or incomplete
responses. Given the cognitive and developmental characteristics of middle school
students, closed-ended items were deemed most appropriate to ensure clarity,
engagement, and high completion rates.

The primary instrument employed in this study were an adapted version of the
Student Engagement in Mathematics Classroom (SEMC) questionnaire, originally
developed by Kong (2021). The SEMC were selected due to its strong theoretical
grounding, clear alignment with the study’s objectives, and previously show validity
and reliability in large-scale educational settings. It measures student engagement
across three core dimensions:

1. Cognitive engagement, which captures students’ use of learning strategies,
mental effort, and approaches to understanding mathematical content (e.g.,
surface and deep learning strategies).

2. Affective engagement, which reflects emotional responses to mathematics,
including interest, enjoyment, and anxiety.

3. Behavioral engagement, which includes observable actions such as
attentiveness, participation, and effort in classroom activities.

In its original development, the SEMC underwent extensive validation
procedures, such as classroom observations and student interviews, and were
administered to a sample of 546 students in Shanghai. Reliability analyses yielded
Cronbach’s alpha values exceeding 0.78 for each subscale, confirming internal
consistency and scale robustness (Kong, 2021).

For the present study, the SEMC questionnaire were translated and culturally
adapted into Bahasa Indonesia to ensure linguistic and contextual relevance for the
local population. The translation process involved two bilingual educators with
graduate-level expertise in educational research, who reviewed and revised the
guestionnaire to ensure semantic, conceptual, and cultural equivalence. This approach
aligns with best practices for adapting instruments across languages and cultural
contexts .
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The questionnaire were administered twice—as a pre-test prior to the
instructional intervention and as a post-testfollowing the completion of the real-life
proportion-based lessons. This repeated-measures design allowed for the examination
of changes in engagement over time and enabled within-group and between-group
comparisons of engagement levels across cognitive, affective, and behavioral
domains.

In addition to the SEMC, other established instruments were considered during
the instrument selection phase, such as the Student Course Engagement
Questionnaire (SCEQ) developed by Kong al. (2021), which categorizes engagement
into four areas: skills engagement, participation/interaction engagement, emotional
engagement, and performance engagement. Although developed for higher education,
its framework influenced the categorization of engagement constructs in this study.
Similarly, the Attitudes Toward Mathematics Inventory (ATMI) (Herges et al., 2017)
provided insights into measuring emotional engagement factors such as enjoyment
and confidence in mathematics.

While the adapted SEMC instrument were not re-validated psychometrically
within the scope of this study due to resource constraints, it served as a triangulation
tool in conjunction with classroom observations and mathematics achievement tests.
As Anderson (2014) notes, questionnaires are susceptible to limitations such as non-
response bias and respondent fatigue. However, the SEMC’s focused structure and
relevance to students’ learning experiences helped to mitigate such limitations and
ensured high completion rates.

Overall, the integration of a well-structured engagement instrument, grounded
in validated frameworks and adapted for cultural relevance, provided a reliable basis
for assessing the impact of real-life problem-based instruction on middle school
students’ engagement in learning proportional reasoning

2.5 The ratio and proportion unit assessment

Primary instrument were used to asses academic achievement, adapted from
the ratio and proportion unit assessment developed in Coffman’s (Coffman, 2022)
project-based learning study. This instrument were employed in a test format to
collect data pre- and post-intervention. Both assessments measured proficiency in
understanding and applying ratios, unit rates, and proportional reasoning (aligned
with standards 6.RP.1, 6.RP.2, and 6.RP.3 from the Ohio Learning Standards; Ohio
Department of Education, 2017).

The pre-assessment were administered prior to the instructional unit and
comprised 12 questions totaling 14 points, covering multiple facets of ratio and
proportion content. Question types included multiple choice, fill-in-the-blank,
matching, and multipart reasoning problems, many of which were drawn from
released standardized test items to ensure validity and alignment with state
expectations (Coffman, 2022).

The post-assessment, administered following the completion of the unit, were
structurally similar but included an additional question addressing percent
applications, for a total of 13 items worth 15 points. The addition reflected formative
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insights gained during instruction regarding students' difficulty with percent-related
tasks (Coffman, 2022). Both assessments were delivered using the Edulastic
platform, which provided automated scoring aligned with pre-identified correct
responses. Adjustments were made to accommodate diverse learner needs, including
read-aloud options and extended time for students with Individualized Education
Programs (IEPS).

Since the number of tasks in the pre- and post-tests differed, a percentage scale
of assessment were used to ensure objective comparison. Each task were estimated at
one point. The final student performance were calculated using the formula:

Points earned

S %) = X 100
core (%) Total possible point

In this way, the test task allowed us to comprehensively assess the level of
development of proportional thinking, both in the theoretical aspect and in practical
application.

2.6 Assessment

To measure the impact of the intervention, this study will employ a quantitative
approach, focusing on data collection techniques suitable for comparing two groups.
Academic achievement in proportional reasoning will be assessed through
standardized math problem tests. Quantitative data will be analyzed using statistical
methods to examine changes in student learning outcomes within the experimental
group. By comparing pre- and post-intervention results, the study aims to evaluate
the effectiveness of the real-life application approach in improving students’
understanding of proportional reasoning.

This study also aligns with research that point out the importance of creating
active learning environments in mathematics education. By using real-world
applications, teachers can make mathematics more relevant and engaging for
students, fostering a deeper understanding of mathematical concepts and their
practical implications (Mebert et al., 2020).

The integration of real-world applications into mathematics instruction can
significantly enhance students' understanding and enthusiasm for the subject while
equipping them with essential skills for future academic and professional
success (Sujatha & Vinayakan, 2023).

Teachers who design lessons that incorporate real-world problems can assist
students in overcoming challenges and promote a more profound understanding of
mathematical concepts (Zubainur et al., 2020). These approaches collectively
emphasize the importance of making mathematics education more relevant, engaging,
and practical for students, which leads to improved learning outcomes and readiness
for future challenges.

This strategy has the potential to boosts student motivation, engagement, and
ultimately academic success in mathematics. These approaches collectively
emphasize the importance of making mathematics education more relevant, engaging,
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and practical for students, which leads to improved learning outcomes and readiness
for future challenges.

This study also aligns with research that stress the importance of creating
active learning environments in mathematics education. By using real-world
applications, teachers can make mathematics more relevant and engaging for
students, fostering a deeper understanding of mathematical concepts and their
practical implications. (Mebert et al., 2020).

The integration of real-world applications into mathematics instruction can
significantly enhance students' understanding and enthusiasm for the subject while
equipping them with essential skills for future academic and professional
success (Sujatha & Vinayakan, 2023).

2.7 Procedure

The research were conducted in three distinct phases: pre-test, instructional
intervention, and post-test. In the pre-test phase, all 24 participating students
completed a standardized, paper-based mathematics test. This assessment were
designed to evaluate their baseline understanding of proportional reasoning, serving
as a benchmark to measure academic growth over the course of the study.

During the instructional intervention phase, students engaged in real-world
proportional problem-solving tasks. These tasks were intentionally contextualized to
reflect everyday experiences relevant to middle school students, aiming to create
meaningful learning connections. The instructional design were based on the premise
that applying mathematics to real-life scenarios can enhance conceptual
understanding and increase student motivation.

In the final post-test phase, the same standardized mathematics test used in the
pre-test were re-administered to all students. The comparison between pre-test and
post-test results allowed for an evaluation of individual academic progress following
the intervention.

To assess student engagement, a paper-based questionnaire were administered
at the end of the instructional phase. The instrument captured three key dimensions of
engagement:

1. Cognitive engagement: the degree to which students applied effort and used

strategies to understand and solve proportional reasoning problems;

2. Emotional engagement: students' self-reported levels of interest, enjoyment,

and emotional reactions to mathematics throughout the learning experience;

3. Behavioral engagement: observed indicators of participation, attention, and

task persistence during lessons.

These dimensions were grounded in the widely recognized framework by
Fredricks, Blumenfeld, and Paris (2004), which conceptualizes student engagement
as a multidimensional construct involving behavioral, emotional, and cognitive
components. Administering the engagement questionnaire after the instructional
phase enabled an analysis of how context-based learning influenced students'
motivation and active involvement in mathematics.

Phases of Data Collection:
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The intervention were carried out over a six-week period, structured into three
distinct phases: Pre-test, Instructional Intervention, and Post-test. This phased
structure were designed to systematically evaluate the impact of real-life application
tasks on students’ engagement and academic achievement in proportional reasoning.

Phase 1: Pre-test Phase (01-04 April 2025)

In the initial week of the study, all 24 participating students completed baseline
assessments to measure their prior understanding of proportional reasoning and initial
levels of engagement in mathematics.

1. Mathematics Pre-Test: Adapted from Coffman (2022), this test assessed
core proportional reasoning skills such as identifying ratios, solving for
unknowns in proportion equations, and interpreting proportional
relationships within real-world contexts. It included both procedural items
and applied problems to ensure a comprehensive evaluation of students’
conceptual and practical understanding.

2. Student Engagement Questionnaire: An adapted version of the Student
Engagement in Mathematics Classroom (SEMC) instrument (Kong, 2021),
as used in Syarifuddin’s (2013) study, were administered. The questionnaire
measured three dimensions of engagement: cognitive, emotional, and
behavioral.

3. The SEMC were translated into Bahasa Indonesia using a collaborative
translation-validation process. The researcher and two bilingual colleagues
independently translated the questionnaire and then reconciled differences
to ensure semantic accuracy and cultural appropriateness.

Both instruments were administered during regular school hours under

standardized conditions to ensure consistency across participants.

Phase 2: Instructional Intervention (07 April — 02 May 2025)

The instructional phase lasted four weeks and focused exclusively on real-life
applications of proportional reasoning. No control group were used in this study; all
students participated in the intervention. The instructional design emphasized active,
contextualized learning experiences based on constructivist principles.

Each week featured a different real-world mathematical scenario:

e Week 1 (08-12 April): Shopping Smart Students analyzed grocery
shopping situations, comparing product prices using unit rates and discounts
to determine the best value.

e Week 2 (15-19 April): Recipe Rescaling Learners adjusted ingredient
amounts to scale recipes for different serving sizes, integrating ratio
reasoning with measurement conversions.

e Week 3 (22-26 April): Map Scaling and Distance Students used scaled
maps to calculate actual distances, applying their understanding of ratios
and scale factors.
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e Week 4 (29 April — 02 May): Budget and Finance Students developed
household budgets, proportionally allocating income across categories like
food, rent, and transportation—Ilinking math with financial literacy.

Each lesson included:

® An authentic, context-rich problem scenario
® Group-based collaborative problem-solving
® A brief instructional mini-lesson
([ J

A student reflection journal documenting strategies, reasoning, and group
dynamics
Students were encouraged to share their findings with peers, encouraging
mathematical communication and confidence. Teachers acted as facilitators, guiding
inquiry, providing formative feedback, and conducting individual check-ins to
support student understanding.

Phase 3: Post-test Phase (06—10 May 2025)
In the final week, the same assessment tools from Phase 1 were re-
administered to evaluate learning gains and changes in student engagement:

1. Mathematics Post-Test: The same proportion-focused test were given again to
assess students’ academic progress throughout the intervention.

2. Engagement Post-Survey: The SEMC questionnaire were re-administered to
examine changes in cognitive effort, emotional response, and classroom
behavior as a result of the real-life application approach.

This post-intervention phase provided the data necessary to determine how

contextual problem-solving impacted students’ mathematical understanding and their
engagement in learning.

2.8 Data Collection and Analysis

This study employed a paper-based mathematics test and a paper-based student
engagement questionnaire to collect quantitative data, both administered in pre-test
and post-test formats. The primary focus of data collection werewas to
evaluate student engagement and student performance within the context of learning
proportional reasoning through real-life application tasks.

To measure academic achievement, researchers used students’ mathematics
test scores derived before and after the instructional intervention. Since all
participants belonged to a single experimental group, paired sample t-tests were
conducted to determine whether there were a statistically significant difference in
performance between the pre-test and post-test scores. This method is consistent with
recommendations from Fraenkel, Wallen, and Hyun (2012), who advocate the use of
t-tests in educational research to measure changes over time within the same group.

Student engagement were assessed using a closed-ended questionnaire, adapted
from the Student Engagement in Mathematics Classroom (SEMC) instrument
developed by Kong (2021) and previously applied in Syarifuddin’s ( 2013) study.
The questionnaire evaluated cognitive, emotional, and behavioral dimensions of
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engagement. Descriptive statistics—means, standard deviations, and frequency
distributions—were used to summarize student responses. Paired sample t-tests were
also applied to engagement data to determine whether significant changes occurred in
students' engagement levels following the intervention.

The design and analysis approach aligns with findings from Broza and
Kolikant (Broza & Kolikant, 2020d), who reported that real-life, context-based
mathematical learning positively influenced student engagement, particularly among
students who struggle with abstract mathematical concepts. Their research supports
the notion that integrating mathematics with students’ everyday experiences can
enhance both interest and motivation.

By combining academic performance assessment and engagement evaluation,
this study used a dual-method quantitative approach, enabling a comprehensive
understanding of the intervention’s cognitive and motivational outcomes.
The validity and  reliability of the study’s results were  supported
through methodological triangulation, as recommended by Creswell and Plano Clark
(2018) enhancing the credibility of the findings.

2.9 Limitations of the Study

While this research offers meaningful perceptions into the impact of integrating
real-life proportional reasoning problems into middle school mathematics instruction,
several limitations that may influence the interpretation as well as applicability of the
findings are crucial to recognize.

The narrow sample size and scope of the study do limit it in key sorts of ways.
Classrooms, small in number, from which the participants were drawn might not
adequately represent the socioeconomic and cultural and academic diversity
whichthat is found across broader student populations (Creswell & Plano Clark,
2018). As a result of that, the findings could be contextually bound as well as not
generalize to other educational settings, like rural schools, private institutions, or
schools serving linguistically diverse populations. The study likewise focused solely
upon middle school students cause cognitive development and learning needs are
different from older secondary students or younger elementary learners (Eccles &
Roeser, 2011). Therefore, real-life applications for fostering engagement and student
performance may be effective to varying degrees across different age groups.

Another limitation exists. The study did rely exclusively upon Real-Life
Problems of Proportion as being the primary instructional strategy. Direct instruction,
inquiry-based learning, and blended educational settings might yield positive
outcomes though other methods were not explored within the scope. As a
consequence, people have concluded that the real-life problems are effective. These
conclusions may not transfer smoothly into classrooms that employ different
instructional models.

Also, the study were too short to measure retention over time. Its short length
perhaps kept them from watching continued activity. Repeated exposure and practice
in time is often required by proportional reasoning a complex skill. Interventions of a
short term may capture gains that are immediate, which is a result that is positive.
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Yet, if these gains endure or shift later is unclear. Implementation consistency along
with outcomes might be affected cause resource availability plus classroom climate
plus teacher experience were factors not held constant.

Given these constraints, future research should aim to:

1. Expand the sample size and diversity, including students from varied
geographic, cultural, and socioeconomic backgrounds to enhance the external
validity of the findings.

2. Include a broader age range, such as upper elementary and high school
students, to determine whether the benefits of real-life problem-based
instruction extend across developmental stages.

3. Compare multiple instructional strategies to identify the most effective
pedagogical approaches for integrating real-life applications into mathematics
education.

4. Conduct longitudinal studies to explore the durability of student gains in
proportional reasoning and their transferability to novel or complex problem-
solving contexts.

5. Examine the role of teacher professional development in effectively delivering
real-life mathematical tasks, as teacher beliefs and instructional competencies
significantly impact student learning outcomes (Ikhsan, 2020).

By addressing these dimensions in future studies, researchers can build a more
comprehensive and nuanced understanding of how real-life applications support
mathematics learning, and how best to implement such approaches to serve diverse
student populations effectively.

2.10 Data Analysis

This research adopts a single-group, quasi-experimental design to investigate
the impact of real-life applications on 6th-grade students’ academic achievement and
engagement in proportional reasoning. The study were conducted with one class of
24 students at the Dostyq Education Center in Almaty, all of whom formed
the experimental group. Over a four-week intervention period, students received
Instruction in proportional reasoning through real-life contextual scenarios such as
cooking, map reading, budgeting, and solving problems involving speed, time, and
distance.

Instructional materials were developed using principles of experiential and
constructivist learning, encouraging active participation, inquiry-based thinking, and
collaborative problem-solving. The study were intentionally delimited to
examine how real-life applications function as a pedagogical tool in teaching
proportional reasoning, with a focus on their effect on student engagement and
academic performance. Other instructional strategies or mathematical domains were
beyond the scope of this investigation.

Data Collection Instruments
Two primary instruments were used to collect data:

1. Student Engagement Survey: A modified version of the Student Course

Engagement Questionnaire (Towler, 2005), adapted from its wuse in
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Syarifuddin’s study on active learning in linear algebra, were employed to
assess three dimensions of engagement: cognitive, emotional, and behavioral.
2. Mathematics Achievement Test: This paper-based test were designed to
evaluate students’ conceptual understanding and application of proportional
reasoning. The assessment included a mix of procedural and applied items.

To provide a statistical basis for evaluating change, both instruments were
administered as pre-tests and post-tests, allowing the study to measure gains in
achievement and engagement over the intervention period.

Data Analysis Approach

The data analysis for this study employed a quantitative approach to evaluate
the effectiveness of using real-life applications in enhancing sixth-grade students’
student performance and engagement in proportional reasoning. The analysis focused
on comparing pre-test and post-test scores for both mathematics achievement and
student engagement within the same group of 24 students.

1. Academic Achievement Analysis

To assess changes in students’ understanding of proportional reasoning, scores
from the mathematics pre-test and post-test were analyzed using a paired sample t-
test. This statistical method were selected to determine whether there were
a statistically significant difference in student performance before and after the four-
week instructional intervention. The significance level (o) were set at 0.05, and
assumptions of normality were verified using the Shapiro-Wilk testprior to the t-test.

Student Engagement Analysis
Student engagement were measured using a closed-ended survey instrument
encompassing cognitive, emotional, and behavioral dimensions. Each dimension
were assessed using Likert-scale responses. Descriptive statistics, such as means,
standard deviations, and frequency distributions, were used to summarize the data for
each engagement dimension.
To analyze changes in engagement levels before and after the intervention, a paired
sample t-test were again employed for each dimension of engagement. This allowed
for the identification of specific areas where engagement increasedas a result of the
instructional approach. Where significant differences were found, effect sizes were
computed to better interpret the practical significance of observed changes.

2. Software

All statistical analyses were conducted using Jamovi, an open-source statistical
software platform designed for accessibility and clarity in data analysis. Jamovi were
selected for its user-friendly interface and reliable implementation of standard
statistical tests, making it especially suitable for educational research involving
pre/post comparison within small sample sizes.

To ensure compliance with ethical standards, all student data were anonymized
and coded prior to entry into the analysis system. No personally identifiable
information were retained. The analysis were conducted with full respect for research
ethics, such asincluding confidentiality, voluntary participation, and the right to
withdraw.
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The findings were interpreted with caution, bearing in mind the limitations of
the single-group design, which lacks a control group for comparison. While the
design allowed for valuable within-group comparisons, generalizations to broader
populations should be made carefully. Nevertheless, the results provide robust initial
evidence supporting the instructional benefits of real-life problem-based mathematics
teaching at the middle school level.

2.11 Ethical Considerations

When conducting research involving young students, it is imperative to adhere
to stringent ethical standards as outlined by institutional review boards (IRBs).
Central to these standards is the requirement for informed consent, which must be
collected from both the students and their parents or legal guardians prior to
participation. The consent process should clearly communicate the purpose of the
study, the procedures involved, the voluntary nature of participation, and the
participants’ unconditional right to withdraw at any stage without facing any adverse
consequences (American Educational Research Association, 2011; British
Educational Research Association, 2018).

Participants must also be assured of the confidentiality and anonymity of their
responses. All identifying information should be securely stored and, where possible,
anonymized to safeguard the privacy of participants. Researchers have an ethical
obligation to avoid any form of psychological, emotional, or academic harm, and to
be particularly sensitive to the developmental vulnerabilities of children and
adolescents (Alderson & Morrow, 2020). This includes designing data collection
tools that are age-appropriate, culturally sensitive, and non-invasive.

Another point is that, data handling must comply with relevant data protection
legislation, such as the General Data Protection Regulation (GDPR) in applicable
contexts, and institutional policies regarding secure storage, data access, and retention
timelines. Ensuring ethical transparency throughout the research process not only
protects participants but also enhances the credibility and trustworthiness of the study
(Creswell & Plano Clark, 2018).

By implementing these safeguards, researchers contribute to the ethical
integrity of educational research and affirm their responsibility to protect the rights
and well-being of young learners throughout the research process.
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3. RESULTS

As part of this study, a comparative analysis of pre- and post-intervention
scores were conducted using paired sample t-tests across eight key dimensions of
student engagement: Surface and Deep Learning Strategies, Reliance, Interest,
Achievement Orientation, Anxiety, Attentiveness, and Diligence. These scales reflect
the cognitive, emotional, and behavioral components of student engagement.

3.1 Surface Strategy

To evaluate the extent to which surface learning strategies were used before
and after the intervention, descriptive statistics were computed. In the pre-test, the
mean score were M = 3.21, SD = 0.54, while in the post-test, the mean decreased
to M = 2.93, SD = 0.55. This decrease may suggest a reduced reliance on surface
strategies as a result of the instructional intervention.

To examine the assumption of normality, the Shapiro-Wilk test were
performed for both datasets. The results suggest no significant deviation from a
normal distribution for either the pre-test (W = 0.97, p = .553) or the post-test (W =
0.92, p =.065).

Table 3.1.1 Descriptive Statistics and Shapiro—Wilk Test Results for Surface Strategy

Descriptive
Shapiro-Wilk
N Mean SD W p
Pre-test (Surface Strategy) 24 3.21 0.538 0.965 0.553
Post-test (Surface Strategy) 24 2.93 0.552 0.922 0.065

Since both p-values are above the 0.05 threshold, it can be concluded that the
data follow a normal distribution. This allows for the use of parametric statistical
methods for further analysis, such as the paired samples t-test.2.

To determine whether the observed decrease in the use of surface learning
strategies were statistically significant, a paired samples t-test were conducted. The
results revealed a significant difference between the pre-test and post-test scores:
t(23) = 3.85, p <.001.

This show that the reduction in the use of surface strategies following the
intervention were statistically significant at the p < .001 level.
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Table 3.1.2 Paired Samples T-Test Results for Surface Learning Strategy

Paired Samples T-Test

statistic  df p

Pre-test Post-test Student'st 3.85 23.0 <.001
(Surface Strategy) (Surface Strategy)

Note. Ha pmeasure 1 - Measure 2 7 0

These results provide strong evidence that the intervention had a meaningful
effect on reducing the reliance on surface learning strategies.

3.2 Deep Learning Strategy

Descriptive statistics were calculated to assess the use of deep learning
strategies before and after the intervention. In the pre-test, the mean score were M =
3.21 (SD = 0.773), and in the post-test, it increased to M = 3.42 (SD = 0.550),
indicating a slight improvement in the use of deep strategies.

To assess the normality of the data distributions, the Shapiro-Wilk test were
conducted. The results indicated that both distributions did not significantly deviate
from normality:

Pre-test: W = 0.951, p = 0.283

Post-test: W = 0.925, p = 0.075

Since both p-values exceed the 0.05 threshold, the data can be considered
approximately normally distributed. In this way, parametric methods, such as the
paired samples t-test, are appropriate for further analysis.

Table 3.2.1 Descriptive Statistics and Shapiro-Wilk Test Results for Deep Strategy

Descriptives

Shapiro-Wilk

N Missing Mean SD wW p
Pre-Test (Deep Strategy) 24 1 321 0773 0951 0.283
Post-test (Deep Strategy) 24 1 342 0550 0925 0.075

To determine whether the observed increase in deep learning strategy use were
statistically significant, a paired samples t-test were conducted. The results revealed a
significant ~ difference  between the  pre-test and  post-test  scores:
t(23) = -2.66, p = .014.

This finding suggest that the post-intervention increase in deep strategy use
were statistically significant, suggesting that the intervention positively influenced
participants' adoption of deeper learning approaches.
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Table 3.2.2 Paired Samples T-Test Results for Surface Learning Strategy

Paired Samples T-Test

statistic  df p

Pre-Test Post-test Student'st -2.66 23.0 0.014
(Deep Strategy)  (Deep Strategy)

Note. Ha pmeasure 1- Measure 2 7 0

These results support the effectiveness of the intervention in enhancing
participants’ use of deep learning strategies.

3.3 Reliance (Self-Confidence)

Descriptive statistics were calculated to assess participants’ self-reported
reliance before and after the intervention. In the pre-test, the mean score were M =
3.70 (SD = 0.497), and in the post-test, the mean increased to M = 3.95 (SD = 0.437).
This show a moderate improvement in reliance-related behaviors or attitudes
following the intervention.

To determine whether the data were normally distributed, the Shapiro-Wilk
test were performed. The results prove no significant deviations from normality in
either condition:

Pre-test: W = 0.933,p = 0.113

Post-test: W = 0.988, p = 0.990

As both p-values are above the conventional threshold of 0.05, the distributions
can be considered approximately normal. This supports the use of parametric
analyses, such as the paired samples t-test, for further testing of mean differences.

Table 3.3.1 Descriptive Statistics and Shapiro-Wilk Test Results for Reliance

Descriptives

Shapiro-Wilk

N Mean SD W p
Pre-test (Reliance ) 24 3.70 0.497 0.933 0.113
Post-test (Reliance) 24 3.95 0.437 0.988 0.990

To evaluate whether the increase in reliance observed after the intervention
were statistically significant, a paired samples t-test werewas conducted. The analysis
revealed a statistically significant difference between the pre-test and post-test scores:
t(23) = —4.70, p < .001.
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These results suggest that the intervention had a strong positive effect on
participants’ reliance, with significantly higher scores observed after the intervention.

Table 3.4.2 Paired Samples T-Test Results for Surface Reliance

Paired Samples T-Test

statistic ~ df p

Pre-test Post-test (Reliance) Student'st  -4.70 23.0 <.001
(Reliance)

Note. Ha pmeasure 1 - Measure 2 7 0

Overall, the statistically significant increase in reliance scores provides strong
evidence that the intervention were effective in enhancing this particular cognitive or
behavioral attribute.

3.5 Interest in Mathematics

Descriptive statistics were computed to examine participants’ levels of interest
before and after the intervention. The pre-test mean were M = 3.55 (SD = 0.548),
while the post-test mean increased to M = 3.84 (SD = 0.517). This rise in the average
suggests a positive change in interest following the intervention.
To assess the normality of the score distributions, the Shapiro-Wilk test were
performed. The test showed no significant deviation from normality in either phase:

Pre-test: W = 0.976,p = 0.822

Post-test: W = 0.928, p = 0.087

Because both p-values are well above the 0.05 threshold, the assumption of
normality is met. This permits the use of parametric tests, such as the paired samples
t-test, to assess the significance of the observed change.

Table 3.5.1 Descriptive Statistics and Shapiro—Wilk Test Results for Interest

Descriptives

Shapiro-Wilk

N Mean SD W p
Pre-test ( Interest) 24 3.55 0.548 0.976 0.822
Post-test ( Interest) 24 3.84 0.517 0.928 0.087

The t-test results revealed a significant increase in interest from pre- to post-
test: t(23) = -5.21, p <.001

This result provides strong evidence that the intervention had a significant
positive effect on participants' level of interest.
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Table 3.5.2 Paired Samples T-Test Results for Interest

Paired Samples T-Test

statistic ~ df p

Pre-test Post-test ( Interest ) Student'st  -5.21 23.0 <.001
( Interest)

Note. Ha pmeasure 1 - Measure 2 7 0

Taken together, the data suggest that the intervention were effective in
significantly enhancing students’ reported interest levels.

3.6 Achievement Orientation

Descriptive statistics were computed to assess participants’ achievement
orientation before and after the intervention. The pre-test mean were M = 4.23 (SD =
0.363), while the post-test mean increased slightly to M = 4.36 (SD = 0.356). This
suggests a modest increase in achievement-oriented attitudes or behaviors following
the intervention.
To test whether the assumption of normality were met, the Shapiro-Wilk test were
applied. The results showed no significant departure from normality:

Pre-test: W = 0.957,p = 0.378

Post-test: W =0.919, p = 0.055

Table 3.6.1 Descriptive Statistics and Shapiro—Wilk Test Results for Achievement
Orientation

Descriptives

Shapiro-Wilk
N Mean SD W p

Pre-test (Achievement Orientation) 24 423 0.363 0.957 0.378
Post-test (Achievement Orientation) 24 436 0.356 0.919  0.055

While the post-test p-value is close to the .05 threshold, both values are above
the cutoff, and thus the data can be considered to approximately follow a normal
distribution. Therefore, the paired samples t-test is an appropriate method for further
analysis.
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Table 3.6.2 Paired Samples T-Test Results for Achievement Orientation

Paired Samples T-Test

statistic  df p

Pre-test Post-test Student's -4.00 23.0 <.001
(Achievement (Achievement t
Orientation) Orientation)

Note. Ha pmeasure 1 - Measure 2 7 0

The results of the paired samples t-test revealed a statistically significant
difference between pre- and post-test scores: t(23) = —4.00, p <.001

This reveal asignificant increase in achievement orientation following the
intervention.

3.7 Anxiety

Descriptive statistics were calculated to evaluate participants’ anxiety levels
before and after the intervention. In the pre-test, the mean score were M = 3.47 (SD =
0.491), while in the post-test, the mean decreased to M = 3.33 (SD = 0.398). This
suggests a reduction in anxiety following the intervention.
To assess whether the data met the assumption of normality, the Shapiro-Wilk
test werewas applied. The test results indicated no significant departures from normal
distribution:

Pre-test: W = 0.934,p = 0.120

Post-test: W = 0.928, p = 0.088

Table 3.7.1 Descriptive Statistics and Shapiro—-Wilk Test Results for Anxiety

Descriptives

Shapiro-Wilk

N Mean SD W p
Pre-test (Anxiety) 24 3.47 0.491 0.934 0.120
Post-test (Anxiety) 24 3.33 0.398 0.928 0.088

As both p-values exceeded the 0.05 threshold, the distributions can be
considered approximately normal. This justifies the use of a paired samples t-test to
assess the significance of the difference.

The paired samples t-test revealed a statistically significant reduction in anxiety:
t(23) = 2.85, p = 0.009
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This result reveal that the intervention led to a significant decrease in anxiety
levels among participants.

Table 3.7.2 Paired Samples T-Test Results for Anxiety

Paired Samples T-Test

statistic  df p

Pre-test (Anxiety) Post-test (Anxiety) Student'st 2.85 23.0 0.009

Note. Ha pmeasure 1 - Measure 2 7 0

3.7 Frustration

Participants' degrees of frustration both before and after the intervention were
assessed using descriptive statistics. With a standard deviation of SD = 0.337 and a
mean frustration score recorded at M = 2.16, the pre-test phase revealed a rather low
but quantifiable level of frustration among participants at the outset. A post-test was
done following the intervention and showed a rather lower mean frustration score of
M = 2.05 with a standard deviation of SD = 0.381. This noted decline points to a
modest decline in participants' self-reported degree of frustration. Though the pre-
and post-intervention means seem to be rather small, this could still show a favorable
trend in the efficacy of the intervention in reducing frustration. This small change
calls for more research, maybe using paired-sample t-tests or inferential statistical
tests to find whether the decrease is statistically significant and not the result of
random variance. It also provides opportunities for investigating the particular
elements of the intervention that helped to produce the noted change in emotional
response.

Normality were assessed using the Shapiro-Wilk test. The results showed no
significant deviations from a normal distribution:

Pre-test:W = 0.932,p = 0.111

Post-test: W =0.937, p = 0.136

Table 3.7.1 Descriptive Statistics and Shapiro—Wilk Test Results for Frustration

Descriptives

Shapiro-Wilk

N Mean SD w p
Pre-test (Frustration) 24 2.16 0.337 0.932 0.111
Post-test (Frustration) 24 2.05 0.381 0.937 0.136
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Both p-values are above 0.05, satisfying the assumption of normality and
supporting the use of a paired samples t-test.
The t-test revealed a statistically significant reduction in frustration levels:
t(23) = 2.34, p = 0.029

This suggests that the intervention had a meaningful effect in decreasing
participants’ frustration.

Table 3.7.2 Paired Samples T-Test Results for Frustration

Paired Samples T-Test

statistic  df P

Pre-test Post-test Student's  2.34 23.0 0.029
(Frustration) (Frustration) t

Note. Ha [iMeasure 1 - Measure 2 7 0

The statistically significant decrease in frustration after the intervention reveal
that the program were effective in reducing participants’ emotional discomfort or
perceived difficulty levels.

3.8 Attentiveness

Descriptive statistics were calculated to assess participants’ attentiveness
before and after the intervention. The pre-test mean were M = 3.82 (SD = 0.357), and
the post-test mean slightly increased to M = 3.89 (SD = 0.342), suggesting a minor
improvement in attentiveness.

To verify the normality assumption, the Shapiro-Wilk test were used. Results
indicated that both distributions were approximately normal:

Pre-test: W = 0.941,p = 0.176

Post-test: W = 0.963, p = 0.504

Table 3.8.1 Descriptive Statistics and Shapiro—Wilk Test Results for Attentiveness

Descriptives

Shapiro-Wilk
N Mean  SD w p
Pre-test (Attentiveness) 24 3.82 0.357 0.941 0.176
Post-test (Attentiveness) 24 3.89 0.342 0.963 0.504

Since both p-values exceed the 0.05 threshold, the normality assumption were
satisfied, allowing for the use of a paired samples t-test.

52



Table 3.8.2 Paired Samples T-Test Results for Attentiveness

Paired Samples T-Test

statistic  df p

Pre-test Post-test Student's  -2.37 23.0 0.026
(Attentiveness) (Attentiveness) t

Note. Ha pmeasure 1 - Measure 2 7 0

The paired samples t-test revealed a statistically significant increase in
attentiveness:
t(23) =-2.37, p = 0.026

These findings indicate that the intervention had a positive and statistically
significant effect on participants’ attentiveness levels.

The statistically significant increase in attentiveness demonstrates the
intervention’s effectiveness in encouraging sustained cognitive focus and
engagement.

3.9 Diligence

Descriptive statistics were computed to assess participants’ diligence levels
before and after the intervention. The pre-test mean were M = 3.94 (SD = 0.336), and
the post-test mean increased toM = 4.11(SD = 0.271), suggesting a notable
improvement in diligence following the intervention.

To evaluate normality, the Shapiro-Wilk test were conducted. The results
showed no significant deviations from normality:

Pre-test: W = 0.976, p = 0.806

Post-test: W = 0.918, p = 0.053

Table 3.9.1 Descriptive Statistics and Shapiro—Wilk Test Results for Diligence

Descriptives

Shapiro-Wilk

N Mean SD w p
Pre-Test (Diligence) 24 3.94 0.336 0.976 0.806
Post-Test (Diligence) 24 4.11 0.271 0.918 0.053

While the post-test p-value approaches the 0.05 threshold, both values remain
above it, indicating that the distributions are approximately normal. As a result,
a paired samples t-test were considered appropriate.
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The t-test revealed a statistically significant increase in diligence after the
intervention:
t(23) = -4.63, p < .001
This result show a strong and significant positive effect of the intervention on
participants’ diligence.
Table 3.9.2 Paired Samples T-Test Results for Diligence

Paired Samples T-Test

statistic  df p

Pre-Test Post-Test Student's  -4.63 23.0 <.001
(Diligence) (Diligence) t

Note. Ha pmeasure 1 - Measure 2 7 0

The statistically significant increase in diligence demonstrates that the
intervention effectively enhanced participants’ sustained effort and task-focused
behavior.

The findings of this study suggest notable enhancements across the three core
dimensions of student engagement—cognitive, affective, and behavioural—as a result
of incorporating real-life proportional problems into mathematics instruction.

Cognitive engagement: The results of the study indicate a significant increase
in students' cognitive engagement after the introduction of real-life learning tasks in
the study of proportions. Students began to demonstrate a higher level of intellectual
engagement, which were expressed in the desire not only to memorize formulas and
algorithms, but also to comprehend mathematical concepts. In the process of
completing tasks related to everyday contexts (e.g. budgeting, recalculating recipes,
scaling plans), students illustrate the development of analytical thinking, the ability to
apply solving problem strategies, as well as self-regulation and self-control skills.

Most participants began to take the initiative in choosing a solution strategy,
independently analyzing the conditions of the problems and formulating logical
justifications for their decisions. This suggests that the use of realistic problems
contributes not only to the memorization of knowledge, but also to a deep
understanding of the material, the development of metacognitive skills and the
formation of competence in the application of mathematical knowledge in various life
contexts.

Affective engagement: The affective engagement of students also improved
significantly as a result of the implementation of contextualized tasks. Students’
attitudes towards mathematics became more positive: they showed greater interest in
the subject, emotional involvement in the process, and a sense of satisfaction from
completing the tasks. This is especially true for secondary school students, who are
known to often experience a decrease in motivation and interest in mathematics.

The use of ethnopedagogical elements (e.g. tasks related to national traditions,
cooking, the market, and everyday life) contributed to the formation of a sense of
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personal significance of learning. Students noted that such tasks helped them to
realize the usefulness of mathematics in real life, which, in turn, increased their
intrinsic motivation. The positive emotions that arose while completing the tasks
strengthened students’ self-confidence and helped to reduce anxiety, which could
previously hinder the successful acquisition of proportional thinking.

Behavioural engagement: Finally, high behavioural engagement were noted,
which were show by the active participation of students in learning activities. The
number of interactions between students in the classroom increased, students asked
guestions more often, discussed solutions to problems in pairs and groups, and also
showed initiative in completing assignments. Students became more diligent, more
often completed assignments and showed responsibility for their learning.

The had Real-Life Applications of Proportion positive effect, as students not
only solved mathematical problems, but also planned, analyzed data, worked with
tables and graphs. This contributed to the formation of stable learning habits, such as
planning, self-organization and cooperation. Behavioural changes became an
indicator of a higher level of engagement and intrinsic motivation.

Table 3.9.3 Mean Values and Standard Devaitions of the Aspects of Engagement

Elements of Pre-Test Post-Test
Engagement Mean Standard Mean Standard
deviation deviation
Cognitive
engagement:
Surface Strategy 3.21 0.538 2.93 0.552
Deep Strategy 3.21 0.773 3.42 0.550
Reliance 3.70 0.497 3.95 0.437
Affective
Engagement:
Interest 3.55 0.548 3.84 0.517
Achievement 4.23 0.363 4.36 0.356
Orientation
Anxiety 3.47 0.491 3.33 0.398
Frustration 2.16 0.337 2.05 0.381
Behavioural
Engagement:
Attentiveness 3.82 0.357 3.89 0.342
Diligence 3.94 0.336 4.11 0.271

3.10 Academic Achievement Analysis
A total of 24 students participated in the study, and data were collected before
and after the intervention. The mean score before the intervention were M = 57.3,
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with a standard deviation of SD = 20.1, and after the intervention, M = 68.8, SD =
19.6, indicating an improvement in the results.
To test the normality of the data distribution, the Shapiro-Wilk test were performed,
the results of which showed no significant deviations from the normal distribution:

e Pretest: W =0.966, p = 0.560

e Posttest: W =0.953, p=0.318

P-values above 0.05 confirm that the data meet the criteria for normality, and

therefore, the use of the parametric test (t-test) is correct.

Table 3.10.1 Descriptive Statistics and Shapiro—Wilk Test Results for Ratio and
Proportion Unit Test

Descriptives

Shapiro-Wilk

N Mean SD W p
Academic.a pre-test 24 57.3 20.1 0.966 0.560
Academic.a post-test 24 68.8 19.6 0.953 0.318

A paired Student's t-test were performed to assess the statistically significant
difference between the pre- and posttest results. The results of the analysis showed
that the differences are significant:

t(23) =-5.92, p <.001.

This reveal a reliable improvement in the academic performance of students

after the intervention.

Table 3.10.2 Paired Samples T-Test Results for Ratio and Proportion Unit Test

Paired Samples T-Test

statistic ~ df p

Academic.a post-test Academic.a pre-test Student'st 592 23.0 <.001

Note. Ha pmeasure 1 - Measure 2 7 0

The analysis of the data earned during the experiment showed a significant
improvement in both student engagement and their students performance when using
tasks close to real life in teaching proportions. Positive changes were recorded in the
following indicators:

e Superficial and deep learning strategies: a transition from passive
memorization to a more meaningful and structured assimilation of the material

IS noted;
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e Self-confidence and interest in mathematics have significantly increased
among the participants of the experiment, especially in the context of practical
tasks;

e Academic performance demonstrates a stable improvement - the results of the
final testing exceed the preliminary indicators;

¢ Indicators of engagement: such aspects as attentiveness, persistence,
motivation to achieve and reduced anxiety have also improved;

e Critical thinking and analytical skills are more pronounced when completing
project tasks, compared to traditional algorithmic problems.

Thus, the collected results confirm the hypothesis of the high efficiency of using real-
life tasks for developing proportional thinking and increasing motivation for learning.
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CONCLUSION

This study aimed to investigate the effectiveness of using real-life problems
when teaching proportions in a 6th-grade mathematics course. The aim of the
dissertation were to identify the impact of contextualized mathematical tasks on
students' learning motivation, engagement, and academic performance. The study
used a quasi-experimental method and conducted a comparative analysis of the
content of Kazakhstani and Singaporean textbooks. The results collected allow us to
draw the following general conclusions:

1. Increasing students' learning motivation and engagement: Integrating tasks
that reflect real-life situations (e.g., calculating discounts, recalculating recipes,
budgeting, etc.) has a significant affect on students’ cognitive, emotional, and
behavioral engagement. Students showed more interest in mathematics, participated
more actively in lessons, and consciously approached problem solving. Thus,
contextualized learning contributes to the formation of sustainable positive learning
motivation.

2. Improving academic performance: Analysis of the results before and after
the educational intervention showed that students who were taught using real-life
tasks illustrate a statistically significant increase in the results of the final test. This
confirms that contextual teaching contributes to a better assimilation of concepts, the
development of proportional thinking and the ability to apply knowledge in non-
standard situations.

3. Methodological feasibility: As part of the study, a project task "Garden plan
10x10" were developed and tested, which serves as an example of the effective
implementation of the principles of the competency-based approach. The task
allowed students to work with real data, calculate proportions, analyze information
and visualize the results. This form of organizing educational activities contributes to
the development of critical thinking, functional literacy and meta-subject skills.

4. Comparative analysis of textbooks: A comparison of the content of
Kazakhstan and Singapore textbooks on the topic of proportions revealed significant
differences in the didactic approach. In Kazakhstani textbooks, the tasks are mostly
abstract and algorithmic, while in Singaporean textbooks, tasks focused on real-life
contexts dominate. This contrast suggest the need to modernize domestic teaching
materials in accordance with international educational standards and the requirements
of functional mathematical literacy.

5. Theoretical justification The study is based on modern educational theories:
constructivism, the theory of situational learning, and the theory of engagement.
These approaches substantiate that knowledge is formed most effectively when
students interact with the material in a meaningful, socially grounded context. The
use of tasks close to real life allows students not only to memorize algorithms, but
also to meaningfully build an understanding of mathematical relationships, such as
proportions, and apply them in a new environment.
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Thus, during the study, all the goals and objectives were consistently
implemented and achieved in full, which is confirmed by both the theoretical analysis
and the results of the empirical part of the work.

Firstly, as a result of the analysis of scientific literature, as well as the practical
study of the educational process, he key difficulties that students face in traditional
teaching of the topic of proportions were identified. It were found that many
schoolchildren tend to use additive, superficial strategies instead of a deep
understanding of multiplicative relationships, which is due to the excessive
abstractness of the material, the lack of context and insufficient elaboration of the
semantic connections between the tasks and everyday life. This, in turn, reduces
interest in the subject, causes anxiety and prevents the formation of stable
mathematical concepts.

Secondly, innovative pedagogical strategies were developed and tested to
develop students’ conscious and sustainable understanding of proportional
relationships. These strategies include: the introduction of project-based research
tasks (e.g., the mini-project “10x10 Garden Plan”), the active use of real-life
situations in learning, data visualization, group work, and stimulating independent
choice of solving problem strategies. These approaches allowed students not only to
understand the structure of proportional relationships, but also to realize their
significance and applicability in real-life situations.

Thirdly, based on a quasi-experimental study, it were empirically proven that
contextualized learning based on real-life situations has a positive effect on students’
learning motivation, engagement, and academic performance. Statistical analysis
show an increase in both cognitive activity and emotional satisfaction with the
learning process. Students who studied the program using real-life problems illustrate
a higher level of understanding, confidence, and interest in mathematics, as well as
better results in the final testing.

Fourth, a critical assessment of the current Kazakhstani mathematics textbooks
for grade 6 were conducted, revealing their insufficient focus on the development of
functional literacy. Most of the presented problems are formal and algorithmic in
nature, not going beyond the scope of educational abstraction. A comparative
analysis with Singaporean textbooks revealed the need to update and revise the
content of domestic textbooks with an emphasis on the applied significance of the
material, multi-step tasks, interdisciplinary connections, and the development of
critical thinking.

Fifth, specific recommendations for teachers, methodologists, and curriculum
developers were formulated based on the analysis and practical observations. These
recommendations include: targeted inclusion of problems close to the life experience
of students in the educational process; use of interdisciplinary connections;
encouragement of group and project work; and the organization of systematic
reflection and discussion of solving problem strategies in educational dialogue. All
this is aimed at improving the effectiveness of teaching mathematics and
implementing the goals of the updated educational content in Kazakhstan.
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In general, the results of this dissertation have high practical significance. They
represent the basis for improving school mathematics education in the context of
modernization and the transition to a competency-based approach. The inclusion of
real-life problems not only helps to increase the motivation and involvement of
students, but also develops key 21st century skills: the ability to analyze, argue, make
independent decisions, think interdisciplinary and meaningfully apply knowledge in a
variety of situations.

Thus, the study makes a substantial and multifaceted contribution to both the
theoretical foundations and methodological approaches wunderpinning the
integration of life-oriented problems into mathematics education. By emphasizing
the relevance and applicability of mathematical concepts to real-world contexts, it
not only enriches the pedagogical framework but also fosters deeper engagement
and understanding among students. This, in turn, opens promising avenues for the
continued evolution of educational practices, particularly those aimed at cultivating
functional mathematical literacy among school-aged learners. The findings
underscore the importance of aligning curriculum design with practical life skills,
thereby equipping students with the competencies needed to navigate everyday
quantitative challenges effectively and confidently.
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qul)OpMal{Mﬂ Xpanumcs KOHd)MaeHuuaﬂbHO U UCnoIb3yemcs UCKIIIOYUMENbHO onst HAY4YHO=

APENDIX
Appendix 1 Student Engagement Test

DOmom onpoc aHoHumMHblIL U He OyOoem NOKA3AH HUKOMY, KPOMe UCCIe008amenbcKoll epynnul. Bes

UCCe008aMENbCKOU pabomal.

Ne | Bonpockr [Tourn Penxo | Mnorpa | Yacro | [Toutn
HHUKOTa BCETIa

1 | «f cuuraro, yTo 3anoMUHaHUE POPMYIT — [Toutn Penko | Unorpa | Yacro | [loutn
9TO JIYYIIUN CTIOCOO BHIYUUTH HUKOTIa BCeETIa
MaTEMaTHKY.

2 | «M3y4ast MaTeMaTuKy, sl MPEAIOYUTAIO [Tourn Peaxo | Muorma | Yacro | [Toutn
3allOMUHATh BCE HEOOX0AUMBbIE POPMYIIBI, a | HUKOI/AA BCerJa
HE MMOHUMATh MIPUHITUIIBI, JIEKAIIHE B UX
OCHOBEY.

3 | « nymaro, 9yTO 3arIOMUHAHUE (PAKTOB H [Tourn Penxo | Mnornpa | Yacro | [Toutn
JleTajel TeMbI JIy4llle, 4YeM €€ I[EJTOCTHOE HUKOTIa BCeETIa
MOHUMAaHHUEY.

4 | «Ilpu n3ydeHnn MaTeMaTUKH OYEHb [Tourn Penxo | Mnornpa | Yacro | [Toutn
MOJIE3HO 3aIIOMHUTh METO/IbI PEIICHUS HUKOTIa BCeETIa
TEKCTOBBIX 3aJa9».

5 | «3alIOMHUHAHKE PA3IMYHBIX METOIOB IMToutu Penxo | Muorma | Yacto | [Toutu
perieHust; 3To oueHb A3(HEKTUBHBIN CIOCO0 | HUKOT/Ia BCeraa
00y4YCHUS.

6 | «l cumrato, yto myumuii coco6 nzydenus: | [loutwn Penxo | Muorma | Yacto | [Toutu
MaTeMaTHKH — 3TO 3allOMUHaHUE (DaKTOB HHUKOI'Ia BCETIa
IyTeM MHOTOKpPAaTHOW pabOThI HAJl
MaTeMaTUYECKUMU 3aJauaMm.

7 | «f nymaro, 9TO 3ay4MBaHUE MaTEeMAaTHKH IMToutu Penxo | Muorma | Yacto | [Toutu
ahdexTuBHEE, UeM €€ TOHUMAHHUE. HHUKOI'Ia BCeETIa

8 | «Korna s n3ydaro MateMaTtuky, s 3a1at0Ch Iloutn Penkxo | Muorpa | Yacro | Iloutn
BOIIPOCOM, HAaCKOJIBKO TO, UEMY Sl HAYYWJICS, | HUKOT 1A BCETIa
MO>KHO NMPUMEHUTH B PEAIbHOM JKU3HK.

9 | «Koraa s y3Haro 4T0-TO HOBOE, 5 IYMArO O Iloutn Penxo | Muorna | Yacto | Iloutn
TOM, YTO 51 YK€ y3HaJ, U MbITal0Ch MO- HUKOTJa BCerja
HOBOMY IIOHSTH TO, YTO 5 3HAIO).

10 | «Korna s untaro yueOHHUK o MaTeMaTuke, s | [loutn Penxo | Muornma | Yacto | Iloutn
CTaparoCh BBIJCINUTH T€ BEIIH, KOTOPbIE HHUKOT1a BCerja

HCO6XO,[[I/IMO TIIATCJIBbHO IMOHATH, 4@ HE
MMPpOCTO YUTATH AAJIBIICH).

69




11 | «51 OBl momBITANCS CBSI3aTh TO, YEMY S ITourn Penxo | Muorma | Yacro | Iloutn
Hay4uJICs Ha ypOKaxX MaTeMaTUKH, C TeM, C | HUKOTJa BCerja
YeM 51 CTAJIKUBAIOCh B PEAbHOM KU3HU WIH
Ha JPYrux npeameTax».

12 | «51 ObI mOTpATHIT BHEKJIACCHOE BpEMsT Ha IToutn Penxo | Muorma | Yacro | Iloutu
yri1yOJIeHHEe CBOETO TIOHUMaHUS HHUKOTJIa BCerja
WHTEPECHBIX aCIIEKTOB MaTEMATUKI.

13 | Ilpu u3yueHUn MaTeMaTHUKH s BCETAa [Tourn Penxo | Mnorpa | Yacro | [Toutn
CTaparoCh 3a/1aBaTh ce0e BOMPOCHI, U ATH HHUKOT 14 Bceraa
BOIIPOCHI TIOMOTAIOT MHE MOHSTH CYTh
MaTEMAaTHKH.

14 | 51 GBI BCTIONIB30BAI CBOE CBOOOTHOE BpEMS IToutn Penxo | Muorma | Yacrto | Iloutn
JUTSI U3YYE€HUS TEM, KOTOPBIE MBI OOCY)K/Ialli | HUKOT A BCerma
Ha 3aHATHAX.

15 | JIy4ymmii cioco0 y9uTh MaTEMaTUKy — [Tourn Penxo | Mnornpa | Yacro | [Toutn
CJIeIOBATh YKa3aHUSIM IPEIo aBaTesl. HHUKOT 12 Bcerja

16 | HauGoiree a3 pekTUBHEII cITOCO0 U3ydaTh [Toutn Penko | Mnorga | Yacro | [loutn
MaTeMaTHKy — 3TO CJIEI0BaTh YKa3aHUAM HHUKOT 14 Bcerja
TpenogaBaTes.

17 | 51 OB1 yuwmit TO, YTO TIPEMOIAET JEKTOP. [Toutn Penxo | Uuorma | Yacro | [Tourn

HUKOTa Bcerma

18 | «4 Ob1 yunncs Tak, Kak MEHsI HACTaBJISET [Toutn Penxo | Muorma | Yacro | [Tourn
JIEKTOP» HUKOTIa Bcerma

19 | S Ow1 peman 3aauu Tak ke, Kak 3To faenaer | [loutm Penxo | Uuorma | Yacro | [Tourn
JIEKTOP. HUKOTa Bcerma

20 | S pemaro 3a1a4u B COOTBETCTBHHU € TeM, 4To | [loutn Penxo | Muorma | Yacto | [Toutu
MPETOJIaeT JIEKTOP. HUKOTJa Bcerga

21 | «Ilpu u3yuyeHun MaTeMaTHKH, HE3aBUCUMO IMToutu Penxo | Muorma | Yacto | [Toutu
OT TOT'O, YTO TOBOPUT MPENOAaBaTENb, 5 HUKOTJa Bcerga
Oymy cleoBaTh €ro YKa3aHUSIM).

22 | «Ha ypokax MaTeMaTHKH 5 HAX0XKY Iloutn Penkxo | Muorpa | Yacro | Iloutn
MaTeMaTUYE€CKHE 3HAHUSI HHTEPECHBIMHU, HUKOTJa Bcerga
M3yYEHUE MATEMATUKU — MPUATHBIM.

23 | «M3yyeHune MaTeMaTHKU JOCTaBJISIET MHE Iloutn Penkxo | Muorpa | Yacro | Iloutn
YI0BOJIbCTBHE, U MHE HHTEPECHO pelIaTh HUKOTJa Bcerga
MaTeMaTHYeCKUe 3aJauny.

24 | 51 ayBCTBYIO yIOBJIETBOPEHHE, KOT 1A Iloutn Penxo | Muornma | Yacto | Iloutn
BBITIOJTHSIO MAaTEMATUYECKHUE YIPAKHEHUS HUKOTJa Bcerga
Ha 3aHSATHUAX.

25 | MHe Bcera HHTEPECHO M3y4aTh HOBHIE Iloutn Penxo | Muorma | Yacro | Iloutu
BEII[M B MAaTEMAaTHKe, U 51 HAX0Ky 00ydeHHe | HUKOT/a BCerja

MAaTEMAaTUKC YBJICKATCIbHBIM.
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26 | S BoJIHYIOCH, KOTJ]a HAYMHAEM HOBYIO Temy | [loutn Penxo | Mnorpa | Yacro | [Toutn
B MaTeMaTHKe. HUKOTIa BCETa

27 | MHe o4eHb MHTEPECHO y3HATh, Kak pemars | [loutn Penko | Unorpa | Yacro | I[loutn
HOBBIC MaTeMaTHUYSCKHUE 3a1a9H. HUKOTIa BCETIa
MaremaTuka Bcerjia IpUHOCUT MHE
YAOBOJILCTBHE.

28 | XoTs n3yueHne MaTeMaTUKU TPYIHO, 5 [Toutn Penko | Unorpa | Yacro | [loutn
YYBCTBYIO PaJ0CTh, KOIJa MOTY 3aBEPIINTh | HUKOTJA BCETIa
3a/a4H.

29 | XoTs u3ydeHHe MaTeMaTHKN CKyIHOE, s [Toutn Penko | Unorpa | Yacro | [loutn
panyoch, KOrjaa NoJy4ar0 XOPOIIHiA HUKOTIa BCeETIa
pe3yJbTar.

30 | M3yuaTh MaTeMaTHKy TPYAHO, HO YTOOBI [Tourn Peaxo | Mnorpa | Yacro | [Toutn
MOJIYYUTh XOPOIIUN PE3YNbTAT, YCHUITHUS HUKOTIa BCETIa
CTOST TOTO.

31 | M3yyaTh MaTeMaTHKy TPYIHO, HO 5 [Tourn Penxo | Mnornpa | Yacro | [Toutn
JIOBOJIEH, KOTJIa MTOJTYYar0 XOPOIIUr HUKOTIa BCeETIa
pe3yJabTaT MOCIE MPUIOKEHHBIX YCUITUH.

32 | 3yyaTh MaTeMaTHKy TPYIHO, HO 5 [Tourn Penxo | Mnornpa | Yacro | [Toutn
CYACTJIMB, MOKA MOTY MOJYYUTh XOPOIIUH HHUKOTIa BCeETIa
pe3yJbTar.

33 | X0Ts n3y4eHne MaTeMaTUKH TPYIHO, 5 IMToutu Penxo | Muorma | Yacto | [Toutu
YYBCTBYIO YAOBJIETBOPEHHE, KOT 1A HHUKOTIa BCeETIa
MOJIy4ar0 XOpOILIU pe3ysbTar.

34 | 51 Haxoxy ce0s OYeHb HEPBHBIM Ha IMToutu Penxo | Muorma | Yacto | [Toutu
MaTeMaTHYECKOM TECTE. HHUKOI'Ia BCeETIa

35 | S mepexxuBaro Ha MAaTEMaTUYECKUX IMToutu Penxo | Muorma | Yacto | [Toutu
SK3aMeHax. HHUKOI'Ia BCeETIa

36 | Bo BpeMsi MaTeMaTHYECKUX SK3aMCHOB, Iloutn Penkxo | Muorpa | Yacro | Iloutn
KOT/Ia s CTAJIKUBAIOCh C 3a/layaMM, KOTOPbI€ | HUKOTJA BCETIa
HE MOTY MOHSTh, Sl YyBCTBYIO Ce0sl OUEHb
HEPBHBIM.

37 | 51 Bcerna 6010Ch, YTO MOTYYy TUIOXOU Iloutn Penkxo | Muorpa | Yacro | Iloutn
pe3yJbTaT Ha MaTEMaTUYECKOM TECTE. HHUKOT1a BCerja

38 | Bo BpeMs MaTemMaTH4eCKOro TecTa, koraa s | [louru Penxo | Muorna | Yacto | Iloutn
CTaJIKMBAIOCh C 3aJja4aMu, KOTOpPbIE HE MOTY | HUKOT' A BCerJa
PELIUTH, 51 YYBCTBYIO CUJIBHYIO TPEBOTY.

39 | Mue HekoM(OPTHO, KOTJa YUUTENb Iloutn Penxo | Muorma | Yacro | Iloutu
HAYUHAET HOBYIO TEMY. HHUKOTIa BCeTrJa
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40 | MHe HaJ0€0 YIUTh HOBYIO TEMY Ha [Tourn Penxo | Mnorpa | Yacro | [Toutn
3aHIATHAX. HUKOTIa BCETa

41 | MHe He HpaBHUTCS MOCEIATh IToutn Penxo | Muorma | Yacro | Iloutn
MaTeMaTHUYECKHUE 3aHITHA. HUKOTIa BCETIa

42 | MHe He HpaBUTCS 3aHUMAThCS ITourn Penxo | Muornma | Yacro | Iloutu
MaTEMaTHKOM. HHUKOI'JIa BCerjga

43 | MHe HaJI0ello0 YIUTh MaTeMaTHKY. [Tourn Peaxo | Mnorpa | Yacro | [Toutn

HUKOTIa BCeETa

44 | 51 BHUMATENBHO CITYIIAI0 YKa3aHUS [Toutn Penko | Unorpa | Yacro | [loutn
Mpero1aBaTesl. HUKOTIa BCeETIa

45 | B o6cyx/1IeHNH HOBBIX TEM 51 aKTUBHO TToutn Penxo | Maorma | Yacro | [Toutn
YYaCTBYIO M BBICKA3bIBAIO CBOM TOYKH HUKOTIa BCeETIa
3pEHUA.

46 | A neiicTBUTENBHO MPHUJIATal0 YCHUIIUS Ha IMToutu Penxo | Muorma | Yacto | [Toutu
YpOKax MaTeMaTHKH. HHUKOTIa BCeETIa

47 | A cunbHO KOHIICHTPUPYIOCH, KOT/1a IMToutu Penxo | Muorma | Yacto | [Toutu
MpETo/1aBaTeIb BBOAUT HOBBIE HHUKOTIa BCeETIa
MaTeMaTHYEeCKHE KOHIIEIIIIHH.

48 | A ucnonp3yro BCce BO3MOXKHBIE CTIOCOOBI, IMToutu Penxo | Muorma | Yacto | [Toutu
YTOOBI TIOHSATH, YTO MPETOaBaATETh HHUKOI'Ia BCETIa
0OBSCHSET HA YPOKE MAaTEMATHKH.

49 | 5 Bceraa yuyacTBYIO B OOCYXICHUSX Ha Iloutn Penkxo | Muorpa | Yacro | Iloutn
YpOKax MaT€MaTHKH. HHUKOI'a BCETIa

50 | Imst croskHbIX 3a/1a4 s Oyy yCepaIHO Iloutn Penkxo | Muorpa | Yacro | Iloutn
YUUTHCS, IOKA HE IOUMY HUX. HHUKOI'Ia BCETIa

51 | Ecnu 51 He cMory cpa3y Haiitu npaBuibHblil | [Toutn Penko | Muorpa | Yacro | Iloutn
OTBET, 51 OMPOOYIO CHOBA TMO3XKE. HHUKOT1a BCerja
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52 | Ecnu 51 HE CMOTY pENINTh 3a/1a9y, 5 [Tourn Penxo | Mnorpa | Yacro | [Toutn
nonpoOyI0 CHOBA MO3XKeE. HUKOTI'1a BCerja

53 | Ecnu 51 cienaro ommoOKy IpH pelieHun [TouTtn Penko | Unorga | Yacro | [loutn
3amad, s Oyay paboTaTh, MOKa HE UCTIPABIIIO | HUKOTJA BCerja
UX.

54 | Ecnu 51 Oyny paboTaTh HaI 3ala4aMu [TouTtn Penko | Unorga | Yacro | [outn
HACTOMYMBO, 51 YBEPEH, YTO HAUTY HHUKOT 12 BCeraa
MIPaBUJIbHBIN OTBET.

55 | Ecnu s HE cMmory pemuTh 3aavy cpasy, s [TouTtn Penko | Unorga | Yacro | [Toutn
Oyy HACTOWYMBO MPOOOBATH Pa3HbBIE HUKOT/1a BCEra

METO/Ibl, TOKA HE HAWy pEUICHHE.
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Appendix 2 Lesson Plan

IIpeamer | MaTemaTuka
Kmacc | 6ipc-1
Henp
Tema .
Vpoka CanoBblii MPoeKT: padoTa ¢ OTHOLIEHUSIMHU, JOJISAMH U IVIOLIAAAMH
e @opMUpPOBaHHE Y YYAIIMXCS] HABLIKOB NMPUMEHEHUsI Apo0eii, NPOLEeHTOB U OTHOLIEHUI Ha
oKa NpaKTHKe Yyepe3 pa3padoTKy U peain3aluio NPoeKTa Mo 3acajiKe CaJJ0BOI0 y4acTka ¢
yP Y4€TOM 321aHHBIX YCJIOBHIA.
JlesTenbHOCTh
Bpems Oran JeaTenbHOCTh yUUTEeNs Matepuansl
YHaIUXCs
2 mMuH I[IpuBercTBHE U
N Opranu3zaus y4eHuKOB
HacTpoH
IIpe3enTanus 3aganust: 3anaiot =
p" s 3a ) YTOUYHSIIOIINE Crnaip ¢
4 muH | BBemenmue B MpOEKT Kaxapii yuernx BOITPOCHI, BEIOUPAIOT CJIOBUAMU
p BBIOMpAET caj U AOJDKEH asf/[e c’a al 18)( 10 y ¢
3acauTh ero nomHoctei" | P pcan I1a6JI0OHBI
nim 10x15)
OO6cyxmaer TabauITy: 3anucbIBalOT O—
5 MuH AHanu3 ycloBui CKOJIbKO KJIETOK 3aHUMAeT | JaHHbIE, 06CY AT MATCDHAL
Ka)KJIOC PACTCHIE B lapax P
Jlaer 3aganue:
pacIIaHUPOBATH Cajl C CocTaBJISIIOT MJ1aH, .
[InanupoBanue . Paznatounsrit
15 mun HCIIOJIb30BAHUEM MUHUMYM JeJIaloT PacyéThl,
cama N MaTepua
4 BUIOB pacTeHul U 0e3 3aMO0JIHSAIOT Cafj,
MTYCTHIX KJIETOK
ITomoraer cocraBUTh
TaONHITY: BUII PACTCHUS — BHocAT cBoU .
.. Y- Bu p PaznaTounsiit
10 mun Iloncuaérer KOJIIMYECTBO CEMSH — JaHHbIE, CHUTAIOT MATCDHAL
TadIuIa 3aHATas TUIOIIAb — MPOILEHThI P
MIPOIICHT OT OOIIET0
OOBsCHSET, KaK CTPOUTH .
CTpoAT AuarpaMMbl PaznaTounsrit
7 MuH Huarpamma CTONOYATYIO AUArpaMMy I10
N Ha JILCTaxX MaTepuai
cBOEH TabmuIe
Hrpa «napucyit uucio [ToBTOPAIT YKcaa U
7 MuH OU3KYJIbTMUHYTKA P PHCYH p Mys3blka
TEIIOMY WIIH JIETKAs 3apsiaKa JBUTAIOTCS
Kaxnas a 3alUIanT
1as Tpyn 3amunaT NPOEKT,
[IpezenTanus CBOM caj: 9TO ITOCaIHIIH,
8 MuH OTBEYaloT Ha
IIpOeKTa IoYeMy, CKOJIBKO KIIETOK
BOIIPOCHI
3aHSIH
Hammcars HeOOMBITION
3anuceIBalOT
8 MHH Pednexcus pacckas «Kak s 3acaaun(a) sanaHme
CBOH caJ» C pacuéramMu A
JomamHee
3 MuH
3a1aHHE
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Appendix 3 PBL Project

I[HHH_BIE CaloBOro IMpPOCKTa

l-mar (cuet ceMsH)

Henonpsyiite mwian caga 4To6bl ONPENEIHTD

COOTHOILEHHSA, 3alHILIHTE KAXKI0e
COOTHOLIEHUA TPeMs criocobamu

[Ilar-2 (c4yeT KIETOK)

Hcnoneayiite cBoii 1ad cana, Yro0sl
OMNPEEHT II0IAS TOCAKEHHBIX
OBOILEH KAKI0ro copra. 3anuumTe qpods
B npocTeiiueii dopme.

Osolp Iponest Jecarnun | OObIKHOBEH
TUIOLLATH a5 Ipods Had Jpodb

CoorHoreHus : K

apobdb

Tomar

Iepew

MoproBKa

Tomara k
ITepuy

Dacoib

Kamycra

Topoxa k
Mopxoeu

Kanycra x
daconu

[Tar-3

Hcenone3sya csoii nnan Cana, nocuuTaiire
KOIIHYECTBA NOTPed/IaeMOoi BOLI 1715
KaJK/I0r0 PacTeHHs.

daconu k
Tomary

MopkosHu K
Kanycre

Tomara ko
BCEM
pacTeHuAM

Ilepua ko Bcem
pacTeHUAM

Kamyers! ko
BCEM
pacTeHHAM

Osomm | Kapgage| Kom Obmee | Mpouent
Ha OHO CeMHH KOJL oT Beel
ceMs pacTeHmii | Bogsl BOMEI
Tomar 1
2
Llepeny 2
Moproska 1
Dacons 1
Kamycra 4

Mopxosu Ko
BCEM
pacTeHHAM

daconu ko
BCEM
pacTeHUAM
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ITar-4

Henons3yiite NpoLeHT BOBI 18 KAAIOI0
OBOIIIA ¥ [IPOLIEHT IUIOIIA/IH, 3aHHMaeMOii
MM B cafy, 4ToObl COCTABUTH
COOTHOILIEHHE, CPABHHBAIOLIEE
noTpebHOCTE B Boje ¢ IOTPEOHOCTHIO B
NPOCTPAHCTBE 1A KAKIOI0 OBOLIA.
3anMIIKTe BAILE COOTHOILIEHHE B BHJIE
Ipobu.

Inomamu | Bogst BOJIBI K
UTOLIATH

Ospoum | Ilpouenr | Tlpouenr | Ornowenue

Tomar

[epen

Moproska

Dacons

Kamycra

S-mar

Hcenone3syiite naHHbIE 0 BALEM Ccajle,
noTy4YeHHbIe Ha marax 1-4, ns cospannsa
MpOLIEHTHOH CTONBUATON IHArpaMMEL.

1.) Kaxoii Tun pacrenuii notpediser
HaUMEHBbILIEE KOIHYECTBO BOJIBI IO
CPABHEHHIO ¢ 3aHHMACMBIM HM
MpOCTPaHCTBOM?

2.) Kakoii Tun pactenuii norpediser
HaubOoNbIIIee KOIHYECTBO BOBI [0
CPABHEHHIO C 3aHHMAEMBIM UM
[IPOCTPAHCTBOM
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