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ABSTRACT

This study aims to explore the reasons behind the demotivation of middle
school students in mathematics and to analyze how various emotional and
pedagogical factors contribute to this phenomenon. Understanding the roots of
demotivation is crucial for educators seeking to enhance student engagement and
academic performance. The research was conducted using a modified questionnaire
based on the work of Gur, Balta, Dauletkulova, Assanbayeva, and Fernandez-Cézar
(2023). The survey was carefully designed to measure multiple factors influencing
motivation, including enjoyment, pride, anger, hopelessness, and boredom, as they
relate specifically to mathematics lessons.

The sample consisted of middle school students from grades 7, 9, and 10, with
approximately 30 participants overall. The study not only examined correlations
between motivation levels and academic performance but also included comparative
analyses between different classes. For example, motivation levels were compared
between 7K and 7L classes, as well as between 9th and 10th grades. Additionally, an
experimental intervention was conducted in which Desmos, a dynamic mathematics
technology tool, was introduced to the 7K class, while the 7L class continued with
traditional instruction. This allowed for analysis of the potential impact of technology
on student motivation.

Quantitative data were analyzed using correlation analysis, factor analysis, and
internal consistency measures, providing a detailed view of how different
motivational factors interact and influence students’ attitudes toward studying
mathematics. The findings offer insights for developing targeted strategies to foster
motivation and reduce demotivation in mathematics classrooms.

Key words: motivation, mathematics, Desmos, Geogebra, student engagement,
demotivation factors.
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AHJIATIIA

byn  3eprrey opra  MeKTem = OKYUIBUIAPBIHBIH  MAaT€MaTHKAaJaFrbl
JIEMOTHBALIUACHIHBIH CEOCNTEPIH 3EpPTTEyre >KOHE OPTYPAl AMOLMOHANIBIK JKOHE
NeJarorukaiblk (GakTopIapAblH OChl KYOBUIBICKA Kadal BIKMaJl €TETIHIH TajljayFa
OarpITTaNFaH. JleMOTHUBALIMSHBIH TYH-TaMBIPBIH TYCIHY CTYACHTTEPIiH OeICeHIIIIr
MEH OKY YJIT€piMIH apTThIpyFa YMTBUIATHIH MEJarorrap YyiliH ©Te MaHbI3[bl. 3epTTey
I'yp, banra, [aynerkynoBa, AcanbacBa sxoHe ®DepHanmec-Cesapasin (2023)
JKYMBICBIHA HETI3JIENITeH ©3repTUIreH cayallHaMaHbl KOJIJaHy apKbUIbl KYPTi3UIIl.
CayanHama MOTHBAIUsIFA 9CEP €TETIH KONTEreH (akTopiiapAbl, COHBIH 1IIIHJIE J1933aT,
MaKTaHBIIII, ally, YMITCI3/IK dKoHE 3epiry/l eJIIey YIIiH MYKUAT 931pJCHTeH, OUTKeHI
oJlap apHaibl MaTeMaTKa cabaKTapblHa KaThICTHI.

Ipikteme 7, 9 sxone 10-chIHBITApAAFRl OPTa MEKTET OKYIIBUIAPHI, XKAIITbI CAaHbI
30-Fa JKyBIK KaTBICYIIBIIAH TYPIBI. 3€pTTEy MOTHBAIUS JEHICHIepl MEH OKYy
yJIrepiMi apachblHAAFbl KOPPEJSILUSAHBL 3€pTTEN KaHa KOoWMail, opTypJl CHIHBIIITAp
apachIHIAFbl CaJBICTHIPMAIIBI TaNIAyIapAbl J1a KaMTBIIbI. MpIcaabl, MOTHBAIIHS
neHreiepi 7K sxone 7L ChIHBIITApHI apachiHaa, coHmai-ak 9 »xone 10 cerabITap
apacbiHga canbICThIpbUIAB. COHBIMEH KaTap, SKCHEPUMEHTTIK apajacy >KYpri3uiii,
OHJIa JTUHAMHUKAJIBIK MaTeMaTHKa TEXHOJOTUACHIHBIH Kypaiasl Desmos 7K ceiHbiObIHA
eHT13111, an /L ChIHBIOBI JOCTYpIIl OKBITY/bI KAJIFACTHIPJbI. ByJl TE€XHOIOTUSHBIH
CTYJEHTTEP/I1H MOTHUBAIIMACHIHA BIKTUMAJI SCEPIH TajlJlayFa MYMKIHIIK Oep/ii.

CaHIBIK JIepeKTep KOPPENSIMUIBIK Tanjaay, (akTOpJIbIK Tajijgay KoHE IIIKi
KYMENUTIK emeMIepiH KOJMAaHy apKbUIbl TajJJAaHIbl, OYJI OpTYpJii MOTHBAIUSIIBIK
dbakTopsapAbIH ©3apa dPEKETTECyl )KoHE OKYIIbLIAPAbIH MaTeMaTUKaHbI OKYyFa JereH
KO3KapachlHa acep €Ty Typalbl erkel-terkeilm kepiHic Oepeni. Hotwmxkenep
MaTeMaThKa KaOMHETTepiHIe MOTHUBAIUSIHBI apTTHIPY JKOHE JTEMOTHBAIMSIHBI a3alTy
YIIIH MaKcaTThl CTpaTerusiap/pl 931pJieyre apHajaFaH TYCIHIKTEpP/Il YChIHAbI.

Ty#iual ce3aep: MoTuBaIus, MaTeMartuka, [lecmoc, I'eoredpa, cTyneHTTEpIiH
OeJICeHALTIT, IeMOTUBAIUS (paKTOpIIaphl.
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AHHOTALIUA

[leapt0 JaHHOTO WCCIIENOBAHUS SBISICTCS HW3yYCHHE MPUYWH JIEMOTHBAIMH
YYaIIUXCsl CpPeJHEH IMKOJABI 10 MaTeMaTWKe W aHalli3 TOTO, KaK pa3InyHbIC
OMOILIMOHAIBHBIE W TeNaroruueckue (akTopbl CIIOCOOCTBYIOT ASTOMY  SIBIICHUIO.
[TornManne KOpPHEW IEMOTHMBAllMM WMEET peIlaroliee 3HAaueHWe s TIearoro.,
CTPEMSIINXCS  TIOBBICUTH  BOBJICUEHHOCTh  YYalUXCSd W aKaJEMHUYECKYIO
yCIIEBAEMOCTb. Hccnenoanue IPOBOAMIIOCH C UCTIOJIb30BaHUEM
MOIU(UIIMPOBAHHOTO OMPOCHUKA, OCHOBaHHOTO Ha pabore ['ypa, bantsi,
HaynetkynoBoii, Accan6aeBoit u ®epuannec-Cezapa (2023). Onpoc ObUT TIIATENBHO
pa3paboTaH s M3MEpPEHUs] MHOXKECTBa (DAaKTOPOB, BIHMSAIOIMIMX Ha MOTHUBAIIUIO,
BKJIIOYasi YJOBOJBCTBUE, TOPAOCTh, THEB, 0€3HAECKHOCTh U CKYKY, MOCKOJIbKY OHH
CBsI3aHBI KOHKPETHO C YPOKaMH MAaTEMAaTHKH.

BriOopka coctosina u3 ydamuxcs cpeaHed mkoasl 7, 9 u 10 kiacco, Bcero
okono 30 yuacTHUKOB. MccnenoBaHne HE TONBKO HM3YyHAIO KOPPEISALUHA MEXIY
YPOBHSIMH MOTHBAIlMM M aKaJIEMHYECKOM YyCIIEBA€MOCTBIO, HO W BKIOYAIO
CPaBHUTENIBHBIA aHAM3 MEXKAY pasIudHbIMA KjaccamMu. Hampumep, ypoBHHU
MOTHUBAIlMM CpaBHUBAIUCH Mexay kimaccamu 7K m 7L, a Takke mexay 9 u 10
kiaccamu. Kpome Toro, ObUIO TPOBEIEHO JKCHEPUMEHTAIBHOE BMEIIATEIHCTBO, B
xojqie koroporo Desmos, HHCTpyMeHT TUHaMUYECKOW MaTeMaTH4YEeCKON TEXHOJOTHUH,
ObLT mpencTaBiieH kinaccy 7K, B To BpeMs kak kiacc 7L mpOIoIKUI TPpaauIlmOHHOE
oOydeHue. ITO MO3BOJUIIO IPOAHATU3UPOBAThH MOTEHIIMAIBLHOE BIUSHUE TEXHOJIOTUHN
Ha MOTHBAIMIO YYAIIUXCS.

KonudecTBeHHbIE maHHBIC OBUTM TIPOAHATU3UPOBAHBI C HCIIOJIH30BAHUEM
KOpPEJSIIIMOHHOTO  aHann3a, (AKTOPHOTO aHajdW3a W Mep  BHYTPEHHEU
COTJIACOBAaHHOCTH, YTO JaJI0 MOAPOOHOE MpPEACTaBICHHE O TOM, KaK pa3InYHbIC
MOTHBAIMOHHBIE (DAKTOPHI B3aUMOCHCTBYIOT M BIMSIOT Ha OTHOIICHHUE YYAIIUXCS K
U3YYCHUIO MaTeMaTHKHU. Pe3ynpTaTel mpejuiaraloT WIed IJs pa3paOdOoTKH IEJIEeBBIX
CTpaTeTuil IJis CTUMYJHMPOBAHUS MOTHBAIIMM M CHIDKEHHWS JICMOTHBAIIMU B KiIaccax
MaTEeMaTUKH.

KmroueBsle  croBa:  MOTHBaIMs, MaTemaTtmka, Desmos, Geogebra,
BOBJICYCHHOCTh yHaIIUXCs, (haKTOPhI IEMOTHUBALIUN
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INTRODUCTION

Middle school represents an important phase in the academic and personal
development of students. This period, typically encompassing early adolescence, is
marked by profound changes in cognitive abilities, emotional regulation, social
dynamics, and identity formation. During this stage, students face increasing
academic demands together with challenges related to their social relationships and
self-concept (Eccles & Roeser, 2009). As students navigate these complexities, their
motivation to engage with school tasks, especially in subjects such as mathematics,
can change significantly.

Motivation is widely recognized as a central psychological construct that
underpins learning, perseverance, and academic achievement (Deci & Ryan, 2000;
Pintrich & Schunk, 2002). It determines not only whether students begin a task but
also how much effort they invest, how resilient they are in the face of difficulty, and
how they feel about their academic experiences. High levels of motivation are
associated with greater persistence, deeper learning, and better academic outcomes
(Ryan & Deci, 2000). Conversely, demotivation can lead to disengagement, poor
performance, and a negative attitude toward school.

Mathematics, as a core academic subject, often presents unique challenges to
middle school students. The abstract nature of mathematical concepts, coupled with
cumulative skill demands, can contribute to anxiety, frustration, and ultimately,
demotivation (Ramirez et al., 2018). Studies have shown that students’ interest and
motivation in mathematics tend to decline during adolescence, with middle school
being a particularly vulnerable period (Pinxten et al., 2014). This decline can have
long-term consequences, as negative attitudes toward mathematics in middle school
often persist into high school and beyond, limiting students’ future academic and
career opportunities (Gottfried et al., 2001).

For teachers, sustaining student engagement in mathematics classrooms is a
complex and often daunting task. Lessons that fail to capture students’ interest can
result in passive participation, disruptive behavior, and a loss of valuable instructional
time. This not only hinders the learning process for demotivated students but also
affects the classroom environment as a whole, diminishing the educational experience
for other students (Marzano & Marzano, 2003). Consequently, understanding the
causes of demotivation and identifying strategies to counteract it are essential
objectives for educators, curriculum designers, and policymakers alike.

Several factors contribute to demotivation in mathematics. Psychological
factors such as math anxiety, low self-efficacy, and fixed mindset beliefs can
undermine students’ confidence and willingness to engage with challenging tasks
(Dweck, 2006; Ashcraft & Kirk, 2001). Pedagogical factors, including teaching



methods that emphasize rote learning over conceptual understanding, may fail to
inspire curiosity or relevance (Boaler, 2016; Brophy, 2010). Social influences—such
as peer attitudes, teacher-student relationships, and parental expectations—further
shape students’ motivation levels (Hughes & Cao, 2017; Fan & Chen, 2001).

Importantly, motivation and demotivation are not static traits. They are
dynamic, context-dependent states that evolve in response to students’ experiences in
the classroom and beyond (Eccles & Wigfield, 2002). This underscores the
importance of examining demotivation within real educational settings, where
interventions and supportive practices can be designed to address the specific needs of
students.

Technology offers promising avenues for supporting student motivation. Tools
like Desmos, a dynamic mathematics platform, enable interactive exploration of
mathematical concepts, making abstract ideas more tangible and engaging
(McCulloch et al., 2021). Integrating such technologies thoughtfully into instruction
may help counteract demotivation by providing students with more meaningful,
hands-on learning experiences. However, empirical evidence is needed to evaluate the
actual impact of these tools on student motivation in diverse classroom contexts.

In the 21st-century educational landscape, digital technologies have become
integral to teaching and learning. Schools worldwide are increasingly incorporating
Information and Communication Technologies (ICT) into curricula to enhance
student engagement and learning outcomes. Mathematics education, in particular, can
benefit greatly from digital tools that help to visualize abstract concepts and provide
interactive learning experiences. Researchers have long argued that computer-based
tools can empower students to explore mathematical ideas in new ways — a vision
articulated by Papert (1980), who suggested that computers offer “powerful ideas”
that can transform children’s learning. Modern students are often digital natives
comfortable with technology, and leveraging this familiarity in the classroom may
help align instruction with their skills and interests.

There is growing evidence that well-integrated technology can improve
mathematics achievement. A comprehensive meta-analysis by Cheung and Slavin
(2013) found that educational technology applications had a positive, though modest,
effect on K-12 students’ mathematics performance. Similarly, Fabian et al. (2016)
reported that the use of mobile devices in math instruction improved students’
attitudes, engagement, and achievement. However, despite global trends, integrating
digital tools into everyday math lessons is still a challenge in many contexts. For
example, in Kazakhstan the use of interactive digital resources in math classrooms
remains limited, even as students’ daily lives are saturated with gadgets. This gap
between students’ digital lives and classroom practice presents a problem — one that
innovative tools like Desmos and GeoGebra might help address.



Desmos is a free online graphing calculator platform that allows students to
plot functions, adjust parameters, and visually explore algebraic relationships in real
time. GeoGebra, on the other hand, is a dynamic mathematics software that integrates
geometry, algebra, and calculus capabilities; it enables constructions and
manipulations of geometric figures and graphs. Both tools exemplify how technology
can make abstract mathematics more concrete: Desmos by instantly graphing
equations and allowing interactive experimentation, and GeoGebra by letting students
construct and transform geometric shapes and functions. These technologies align
with student-centered and constructivist learning approaches — they invite learners to
actively explore, conjecture, and discover mathematical concepts rather than passively
absorb information. Numerous small-scale studies have reported promising outcomes
using such tools (detailed in the Literature Review), yet there is a need for more
research on their effectiveness in typical secondary school settings, especially within
local educational contexts.

Purpose of the Study: The present study aims to investigate the impact of
integrating digital technologies — specifically Desmos and GeoGebra — into middle
school mathematics teaching. The focus is on evaluating both student academic
performance in mathematics and student motivation/engagement when these tools are
used, compared to traditional teaching methods. By implementing these tools in a
series of lessons and measuring outcomes, the study seeks to provide empirical
evidence and pedagogical insights into how digital tool usage influences learning in
mathematics. The results will contribute to the growing body of knowledge in digital
math pedagogy and inform teachers and educators about the potential benefits and
challenges of using interactive technology in their classes.

Research Aims and Questions

This study seeks to contribute to the understanding of middle school students’
demotivation in mathematics by exploring the interplay of psychological,
pedagogical, and social factors. In particular, the research addresses the following
aims:

. To identify key factors contributing to demotivation in mathematics among
middle school students.

. To compare motivation levels across different middle school classes (e.g., 7K,
7L, 9th, and 10th grades).

« To assess the potential impact of using Desmos on student motivation by
comparing the experiences of students in classes with and without the
technology intervention.

Significance of the Study.

Theoretical Significance of the Study.

Student motivation has long been recognized as one of the key factors that
affect learning outcomes, especially in elementary and middle school. With the rise of



digital technology in education, new opportunities have emerged to support and
enhance students’ motivation and engagement. The theoretical importance of this
study lies in expanding the understanding of how technology-supported learning
environments influence students’ emotional, behavioral, and cognitive involvement in
the learning process.

This research builds on the principles of Self-Determination Theory (SDT),
which highlights the importance of autonomy, competence, and relatedness for
developing intrinsic motivation (Deci & Ryan, 1985, 2000). Many technology-based
tools—such as interactive simulations, gamified apps, and visual platforms like
GeoGebra or Desmos—can create learning experiences that allow students to make
choices, solve problems, and receive immediate feedback. These elements contribute
to students’ sense of ownership and confidence in their learning, which in turn
increases motivation.

The study also contributes to the field of educational psychology by examining
how engagement in technology-supported environments connects with different types
of motivation: intrinsic (learning for its own sake) and extrinsic (learning for rewards
or approval). For example, research shows that game-like tasks, when used
appropriately, can support both types of motivation and lead to more positive attitudes
toward subjects like mathematics (Dicheva et al., 2015; Hamari et al., 2016).

In addition, the study integrates ideas from constructivist learning theory
(Jonassen, 1999), which emphasizes active, hands-on learning. Technology tools that
allow students to manipulate data, visualize mathematical models, or explore patterns
can support deeper understanding and spark curiosity. As such, this research helps
clarify how learning technologies can support both academic success and long-term
interest in school subjects.

Practical Significance of the Study

This research has practical value for teachers, school administrators, and
educational technology designers. One of the most pressing problems in schools today
is the decline of student motivation, especially in middle grades, where academic
pressure increases and interest often drops. The findings of this study can help
teachers identify and use technology tools that make learning more engaging,
accessible, and meaningful for their students.

For example, interactive platforms such as GeoGebra and Desmos can help
students visualize abstract mathematical concepts and experiment with equations in
real time. These tools are especially useful for students who struggle with traditional
instruction, as they offer visual, exploratory, and hands-on ways to understand math
topics. Teachers can use these technologies not only to explain content more clearly
but also to encourage students to think critically and solve problems creatively
(Dodeen et al., 2020; McCulloch et al., 2021).



In addition, the study’s insights may help guide professional development
programs for teachers who want to integrate technology effectively in their
classrooms. Many educators are interested in using digital tools but are unsure how to
align them with learning goals or differentiate instruction. By showing concrete
examples of how technology supports motivation and learning, this research can
inform training strategies and help educators feel more confident in using digital
platforms.

School leaders and policymakers may also benefit from this study.
Understanding the motivational benefits of educational technology can support
decisions about school resources, curriculum design, and equity. For instance,
technology can help personalize learning for students with different needs and
abilities, which is particularly important in inclusive classrooms or schools with
diverse student populations (Ertmer & Ottenbreit-Leftwich, 2010).

Finally, this study contributes to the practical understanding of how to reduce
math anxiety and improve student attitudes by creating a more interactive, responsive,
and enjoyable learning environment. With technology, students can take more control
over their learning, make mistakes without fear, and see their progress in real time—
key factors that support emotional well-being and long-term success in school.



1. LITERATURE REVIEW

The present study builds upon Self-Determination Theory (SDT), which posits
that intrinsic motivation is fostered when students' needs for autonomy, competence,
and relatedness are met (Deci & Ryan, 1985, 2000). According to SDT, students are
more likely to engage deeply with learning activities when they feel in control of their
learning, believe in their capabilities, and experience positive social interactions in the
classroom. Constructivist learning theories further emphasize the importance of
active, student-centered learning environments in promoting motivation and
engagement (Jonassen, 1999). In mathematics education, constructivist approaches
encourage students to explore, manipulate, and reflect on mathematical concepts,
which can lead to greater interest and persistence (Boaler, 2016).

1.1 Psychological Factors

Math anxiety has been widely documented as a significant barrier to motivation
and achievement in mathematics. This form of anxiety interferes with working
memory, limiting students’ ability to focus on problem-solving and reasoning tasks,
and often results in the avoidance of mathematical activities altogether (Ashcraft &
Kirk, 2001). Students who experience high levels of math anxiety tend to show lower
levels of persistence, greater fear of failure, and an increased likelihood of
disengagement during mathematics lessons (Ramirez et al., 2018).

High math anxiety is also strongly linked to decreased self-efficacy, which
refers to students’ beliefs in their own ability to succeed in mathematical tasks (Huang
et al., 2018). When students doubt their competence, they are less likely to attempt
challenging problems, leading to a cycle of avoidance and further declines in
confidence and performance. This negative feedback loop contributes to long-term
demotivation and can hinder students’ future academic trajectories in mathematics.

However, psychological research highlights the potential of fostering a growth
mindset as a way to mitigate the negative impact of math anxiety. Growth mindset is
the belief that abilities and intelligence can be developed through effort, perseverance,
and learning from mistakes (Dweck, 2006). Students with a growth mindset are more
likely to embrace challenges, persist in the face of setbacks, and view errors as
opportunities for growth rather than as indicators of failure (Yeager & Dweck, 2012).
Importantly, interventions aimed at promoting growth mindset have been shown to
increase students’ resilience and motivation in mathematics, while simultaneously
reducing anxiety (Dweck, 2006; Yeager & Dweck, 2012).

In addition to math anxiety and mindset, other psychological factors, such as
perfectionism and fear of negative evaluation, can further undermine motivation.
Perfectionist tendencies may lead students to set unrealistically high standards for
themselves, increasing anxiety when they fall short of these expectations (Elliott &



Dweck, 2005). Similarly, fear of being judged by teachers or peers can discourage
students from participating in class, asking questions, or attempting difficult tasks—
all of which are critical behaviors for learning and growth.

Addressing these psychological factors requires creating supportive classroom
environments where mistakes are normalized as part of the learning process, and
where students receive constructive feedback that builds confidence and fosters
intrinsic motivation (Shute, 2008). By understanding and addressing the
psychological barriers to motivation, educators can play a crucial role in helping
students develop positive attitudes toward mathematics and supporting their long-term
academic success.

1.2 Pedagogical Factors

Pedagogical approaches are central to shaping students’ motivation, emotional
engagement, and long-term interest in mathematics. The way in which mathematical
concepts are introduced, explored, and reinforced profoundly influences whether
students experience the subject as stimulating and meaningful or as tedious and
anxiety-inducing. Numerous studies emphasize that teaching methods that rely
heavily on rote memorization and repetitive testing tend to diminish students’ intrinsic
motivation and promote surface-level learning (Brophy, 2010). When students are
primarily tasked with memorizing procedures or preparing for standardized
assessments, they may come to view mathematics as disconnected from real life and
focused solely on performance rather than understanding. Such environments often
heighten anxiety, reduce curiosity, and foster avoidance behaviors.

In contrast, pedagogical strategies that emphasize conceptual understanding,
problem solving, and discovery learning have been shown to enhance both motivation
and achievement (Boaler, 2016). When students are encouraged to explore patterns,
make conjectures, and apply mathematical reasoning to real-world contexts, they are
more likely to develop positive emotions such as enjoyment and pride. These
approaches help students see mathematics as a dynamic and creative discipline rather
than as a collection of fixed rules. For example, Boaler (2016) advocates for open-
ended tasks that allow multiple solution paths, thereby giving students a sense of
agency and control over their learning—factors known to contribute to greater
engagement according to control-value theory (Pekrun, 2006).

Inquiry-based learning, project-based assignments, and collaborative group
work are additional pedagogical techniques that support motivation. Such methods
not only deepen conceptual understanding but also create classroom environments
that value student voice, encourage peer support, and promote persistence. Hattie
(2009) found that when students are given opportunities to take ownership of their
learning through active participation and reflection, their motivation and achievement



are significantly enhanced. These pedagogies contrast sharply with teacher-centered
models that emphasize passive absorption of information.

Moreover, research suggests that feedback practices embedded within
instruction play a crucial role in supporting student motivation. Effective feedback is
timely, specific, and focused on strategies for improvement rather than simply
indicating correctness (Shute, 2008). Feedback that encourages a growth mindset—
emphasizing effort, strategy use, and learning from mistakes—helps students develop
resilience and a willingness to engage with challenging tasks (Dweck, 2006).

It is also important to note that the integration of technology and digital tools
within pedagogical frameworks can further strengthen motivation, particularly when
used to support active learning. Dynamic mathematics software, online simulations,
and interactive platforms provide opportunities for students to visualize abstract
concepts, test ideas, and receive immediate feedback, all of which contribute to
sustained engagement and reduced boredom (Holmes et al., 2019).

However, the literature cautions that pedagogical innovations must be
thoughtfully designed and implemented. Simply introducing problem-solving tasks or
technology without aligning them to meaningful learning objectives and providing
appropriate scaffolding may fail to achieve motivational gains (Brophy, 2010).
Teachers must be supported through professional development to effectively adopt
and adapt these pedagogical practices to meet diverse student needs.

In sum, pedagogical factors are among the most powerful levers available to
educators for influencing student motivation. Instruction that prioritizes deep
understanding, relevance, and student agency fosters environments where learners are
more likely to thrive emotionally and academically.

1.3 Social and Cultural Factors

Social dynamics, including peer relationships and teacher-student interactions,
significantly influence student motivation. Positive relationships with teachers and
supportive peer networks have been linked to higher levels of engagement and
achievement (Hughes & Cao, 2017; Eccles & Roeser, 2009). Conversely, experiences
of social exclusion, bullying, or low teacher expectations can contribute to feelings of
alienation, helplessness, and reduced motivation, particularly in challenging subjects
like mathematics (Totura et al., 2014). The social climate of the classroom plays a
crucial role in shaping whether students feel safe to take academic risks and
participate actively.

In Kazakhstan and similar contexts, the cultural emphasis on high academic
achievement and respect for authority can have both positive and negative effects on
motivation. On one hand, strong family expectations and cultural values that prioritize
education can inspire students to strive for excellence and persevere in the face of
difficulties (Leung, 2001). On the other hand, excessive academic pressure and fear of



disappointing parents or teachers may increase anxiety, promote surface-level
learning strategies aimed at performance rather than understanding, and ultimately
contribute to demotivation (Pomerantz et al., 2007).

Gender expectations also intersect with cultural factors to shape students’
experiences in mathematics. Research indicates that in some cultural contexts, girls
may report higher levels of math anxiety and lower confidence, despite performing at
levels comparable to boys (Else-Quest et al., 2010). These patterns may reflect
broader societal stereotypes about gender and mathematics ability, which can
influence how students view themselves and their potential in the subject.

Moreover, cultural attitudes toward technology and innovation can affect how
students engage with modern instructional tools such as Desmos or GeoGebra. In
environments where technology is viewed as a valuable educational resource, students
may be more open to interactive and exploratory learning methods that promote
intrinsic motivation (Livingstone & Helsper, 2007). Conversely, in more traditional
settings, students might initially resist or underutilize these tools unless guided
effectively by teachers.

Overall, the interaction of social and cultural factors creates a complex
motivational landscape. Understanding how these elements influence students'
attitudes and behaviors in mathematics classrooms is essential for designing
interventions that are culturally responsive and socially supportive.

1.4 Role of Technology

The integration of educational technologies offers promising avenues for
enhancing motivation in mathematics. Interactive tools like GeoGebra and Desmos
provide visual and exploratory learning experiences that can help demystify abstract
concepts and support students with diverse learning needs (Dodeen et al., 2020;
McCulloch et al., 2021). Personalized learning platforms and gamified applications
have also been associated with increased engagement and persistence (Dicheva et al.,
2015; Wang, 2015).

However, the success of these technologies depends on thoughtful
implementation. Research underscores the importance of aligning technological tools
with pedagogical goals and ensuring that teachers receive adequate training to use
these tools effectively (Ertmer & Ottenbreit-Leftwich, 2010).

To overcome the challenges, modern education is turning to digital
technologies. Among the most effective tools are GeoGebra and Desmos - interactive
mathematical environments that stimulate visualization and research work.

According to research by Dodeen, Abdelfattah and Alshumrani (2020), the use
of GeoGebra efficiently reduces anxiety and increases motivation since it places
abstract mathematical concepts within view and within grasp. GeoGebra allows
students to build and verify hypotheses independently, for example, in research of a



parabola's properties by changing the coefficients of the equation of a quadratic
function and observing the change in the graph in real time, increasing their active
participation in the learning process. In Russian pedagogical practice, as Kozlova
(2022) states, GeoGebra is used extensively by students in project and research work.
Desmos, as the research of McCulloch, Hunter and Burgess (2021) verifies, helps to
create interesting lessons in which not only are problems being solved but also
mathematical dynamic patterns are being explored. This sparks curiosity, constructs
critical thinking and makes a contribution to the formation of an extended positive
attitude towards the subject.

In addition, technology offers a chance to implement a differentiated and
personalized approach, which is especially useful for low self-esteem students. For
example, using Desmos, you can adjust assignments to the level of each student and
track their progress in real time. The study by Duran and Mert (2022) reported that
not just does interaction improve with the help of digital means, but also reduces test
anxiety. The interactivity factor is also important - seeing the impact of your action
instantly is what provides good feedback.

Thus, digital technologies can serve not only as a means of increasing
motivation. They are not only a means of evading and transcending demotivation
related to feelings of fear, anxiety and uncertainty, but also a means of evading and
transcending demotivation related to feelings of fear, anxiety and uncertainty.

1.5 Integration of Real-World Applications and Technology in

Mathematics Motivation

A growing body of literature emphasizes the importance of integrating real-
world applications and technology into mathematics instruction as a means of
sustaining student engagement and reducing negative emotions such as boredom.
Real-world contexts help students perceive mathematics as meaningful and relevant,
which in turn enhances intrinsic motivation and persistence (Boaler, 2016). When
students understand how mathematical concepts apply to practical problems—
whether in science, engineering, economics, or daily life—they are more likely to
value the subject and invest effort in learning.

Technological tools, including dynamic software like GeoGebra and Desmos,
as well as emerging Al-based platforms, provide interactive environments where
students can explore mathematical relationships, test hypotheses, and receive
immediate feedback (Holmes et al., 2019; Luckin et al., 2016). These technologies
support active learning, which has been shown to reduce boredom and increase
cognitive engagement by shifting students from passive recipients of information to
active participants in constructing knowledge (Pekrun & Linnenbrink-Garcia, 2012).
Moreover, integrating real-world applications often facilitates collaborative problem
solving and project-based learning, which further enhances motivation by allowing
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students to work together on meaningful challenges. This approach not only sustains
attention but also fosters positive emotions such as enjoyment and pride, while
reducing frustration and disengagement (Pekrun, 2006).

Empirical evidence suggests that classrooms where technology and authentic
contexts are effectively integrated report lower rates of boredom and higher levels of
motivation compared to traditional instruction (Zhao et al., 2005). However,
researchers caution that the effectiveness of these approaches depends on thoughtful
pedagogical design. Simply introducing technology or real-world problems without
aligning them to learning objectives and student interests may fail to achieve the
desired motivational outcomes.

1.6 Demotivation: understanding the decision making

Motivation can be seen as the driving force which is divided into two types:
extrinsic and intrinsic(Morris et al.,2022).The first describes one’s engagement in an
activity for its own sake, while the last refers to an engagement as a means to
end(Pintrich & Schunk,2002).These two types cover some of the important factors
which contribute to demotivation such as persistence, coping mechanisms towards
failure, anxiety, study strategy, effort and learning engagement and self-
efficacy(Morris et al.,2022).Deci and Ryan (1985) describe intrinsic motivation as
“personal and internal factors, interests and gratifications” and extrinsic motivation as
“external factors of rewards, punishments, and social pressure”. These two motivation
types influence every decision people do. Motivation is an incredibly important factor
when it comes to academic learning and achievement(Elliot & Dweck, 2005).
Muola(2010) also agrees that motivation appears to be one of the crucial factors that
contribute to academic success, whilst mentioning the importance of guidance and
encouragement from their parents and educators early on.

Motivation can be seen as the driving force behind goal-directed behavior and
learning. It is typically categorized into two main types: intrinsic and extrinsic (Morris
et al., 2022). Intrinsic motivation refers to engagement in an activity for its own
inherent satisfaction—Ilearning because it is interesting or enjoyable—while extrinsic
motivation describes behavior driven by external factors such as rewards, grades, or
social approval (Pintrich & Schunk, 2002). These two motivational orientations shape
how learners approach academic challenges, persist through difficulties, and
ultimately make decisions about their learning efforts. Both types are closely
associated with psychological constructs such as self-efficacy, engagement, anxiety,
persistence, and coping mechanisms (Morris et al., 2022). When one or more of these
components is disrupted, demotivation occurs, often manifesting as disengagement,
procrastination, or emotional withdrawal from schoolwork.

Deci and Ryan (1985), the creators of Self-Determination Theory (SDT), define
intrinsic motivation as “personal and internal factors, interests and gratifications,” and
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extrinsic motivation as “external factors of rewards, punishments, and social
pressure.” According to SDT, optimal learning and motivation occur when three basic
psychological needs are fulfilled: autonomy (a sense of control over one’s actions),
competence (feeling capable), and relatedness (feeling connected to others). When
these needs are frustrated—such as when students feel incapable, pressured, or
isolated—motivation declines. For example, a student who constantly fails math tests
may lose their sense of competence and begin to view effort as pointless, ultimately
reducing engagement. Therefore, understanding decision-making in demotivated
learners requires examining the psychological environment of the classroom and how
it supports or undermines these fundamental needs (Ryan & Deci, 2000).

Motivation is a central factor in academic learning and success (Elliot &
Dweck, 2005). Students who are motivated are more likely to set goals, utilize
effective study strategies, and demonstrate resilience in the face of failure. Muola
(2010) emphasizes that motivation—especially when supported by parental
encouragement and positive teacher relationships—is key to student achievement.
However, when students feel disconnected from academic goals, see no value in the
content, or doubt their ability to succeed, demotivation becomes a natural response.
This decision not to engage is rarely a conscious rejection of learning but rather a
protective adaptation to an environment perceived as threatening, confusing, or
unrewarding.

Another relevant model in understanding student demotivation is the
Expectancy-Value Theory of motivation (Wigfield & Eccles, 2000). This theory
posits that students’ motivation to engage in a task depends on two main judgments:
whether they expect to succeed (expectancy) and how much they value the task
(value). If a student believes they are unlikely to succeed in solving a math problem
(low expectancy) or perceives the topic as irrelevant or boring (low value), they are
likely to opt out of effortful engagement. Over time, this decision-making pattern
becomes habitual, especially in environments that do not challenge negative beliefs or
offer opportunities to rebuild confidence. This theory also highlights why simply
increasing external rewards often fails to reignite motivation—it does not address the
underlying beliefs about ability and purpose.

In middle school contexts, these decision-making patterns are especially
relevant. Students at this stage face increased academic demands, new social
pressures, and heightened self-awareness. Their motivation often fluctuates depending
on how well their experiences match their personal goals and emotional needs.
Research suggests that peer comparison, fear of failure, and rigid academic structures
contribute significantly to demotivation in adolescence (Tanaka, 2017). For example,
when students are repeatedly told they are behind their peers or not “math people,”
they may internalize these labels and begin to disengage. Teachers who emphasize
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competition or correctness over growth may inadvertently heighten anxiety and lower
perceived competence, pushing students further into avoidance behavior.

The Attribution Theory of Motivation (Weiner, 2010) also provides a lens
through which to understand demotivation. According to this theory, how students
explain their academic successes or failures influences their future motivation. If a
student attributes poor performance to a lack of ability (“I’m just bad at math™), rather
than controllable factors like effort or strategy (“I didn’t study enough”), they are
more likely to feel hopeless and give up. These attributional patterns become deeply
embedded over time, making it crucial for teachers to reframe failure as a normal part
of learning and emphasize the role of effort and persistence in success.

Another factor is the misalignment between school tasks and students’ personal
goals. Many demotivated learners report that their academic tasks feel disconnected
from their interests or life aspirations. When students do not see the relevance of what
they are learning, they are less likely to engage meaningfully. This gap can be
especially problematic in subjects like mathematics, which are often taught in abstract
or procedural ways without showing how concepts apply to real-world contexts
(Boaler, 2016). Providing opportunities for authentic, project-based learning and
incorporating students’ voices into lesson planning can help bridge this motivational
gap.

Demotivation can also stem from cognitive overload and stress. If students are
consistently assigned work that exceeds their skill level or available time, they may
experience learned helplessness, where repeated failure leads them to believe they
have no control over outcomes (Krawitz & Schukajlow, 2018). As a result, they stop
trying—not because they do not care, but because they no longer believe effort will
make a difference. To counter this, effective teaching involves differentiating
instruction, offering scaffolded support, and celebrating small successes that build
momentum and self-efficacy.

A promising approach to combat demotivation is incorporating digital
technologies like Desmos or GeoGebra into instruction. These tools provide
interactive and exploratory environments where students can visualize mathematical
relationships, receive instant feedback, and experiment safely with mathematical
structures. As shown in the experimental phase of this research, when Desmos was
used in the 7L classroom, students not only improved their test scores but also
reported increased motivation and engagement. These results underscore that
motivation is context-dependent and that thoughtfully integrated technology can
support student agency and reduce fear of failure.

Finally, understanding demotivation requires educators to look beyond surface
behaviors such as laziness or noncompliance and ask: What barriers is this student
experiencing? What supports are missing? Reframing demotivation as a logical
response to an unsupportive or irrelevant learning context allows teachers to become
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more empathetic and proactive in their strategies. When students feel emotionally
safe, respected, and capable, they are more likely to make decisions that favor
persistence and learning. Therefore, improving student motivation is not about forcing
compliance but about creating conditions in which students choose to learn because it
feels meaningful and possible.

1.7 Importance of Teacher's Professionalism

The professionalism of teachers plays a critical role in shaping students'
academic motivation, engagement, and overall success. While possessing a strong
theoretical foundation in mathematics is essential, effective teaching requires much
more than subject matter expertise. True professionalism encompasses a range of
competencies, including the ability to adapt instruction to meet diverse student needs,
manage classroom dynamics, and create an environment that fosters both cognitive
and emotional growth.

In modern classrooms, teachers face numerous challenges that require them to
go beyond traditional methods of knowledge transmission. One of the most
significant challenges is maintaining students’ attention in an era of constant digital
distraction. The widespread use of smartphones and other devices has made it
increasingly difficult for students to stay focused during lessons, leading to
interruptions and disengagement. Middle school teachers, in particular, must develop
strategies to ensure that learners remain actively involved and mentally present
throughout the instructional process.

Professionalism in teaching involves the capacity to design and implement
lessons that are engaging, relevant, and responsive to students’ motivational needs. As
OCUFA (1992) emphasized, the teacher bears a primary responsibility for sustaining
student interest and facilitating learning, especially in elementary and secondary
education. The transmission of knowledge must be clear, purposeful, and adapted to
students' developmental stages for effective learning to occur. During the initial 12 to
13 years of formal schooling, students rely heavily on teachers not only for
information but also for the structure, guidance, and inspiration needed to acquire and
apply that knowledge.

Effective teachers employ a variety of pedagogical strategies to promote
student motivation. These may include interactive teaching methods, real-world
problem solving, the integration of technology, and differentiated instruction tailored
to varying ability levels. Moreover, professional educators recognize the importance
of fostering positive relationships with their students, as trust and mutual respect
contribute significantly to students’ willingness to engage in learning activities
(Hattie, 2009).

Another key component of teacher professionalism is the ability to manage
classroom behavior in ways that support a positive learning environment. Rather than
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relying solely on punitive measures, professional teachers use proactive strategies to
prevent disruptions, such as setting clear expectations, providing meaningful tasks,
and offering timely feedback. These practices help minimize off-task behaviors and
keep students focused on academic goals, even in the presence of potential
distractions like mobile devices (Marzano & Marzano, 2003).

The importance of teacher professionalism extends beyond individual
classrooms to the broader educational system. Research shows that teachers’
professional competencies—including their pedagogical skills, classroom
management abilities, and emotional intelligence—are among the most powerful
school-based factors influencing student achievement and motivation (Darling-
Hammond, 2000). In mathematics, where many students struggle with anxiety or low
confidence, the role of a professional teacher is particularly vital. Skilled educators
not only convey mathematical concepts but also help students develop positive
attitudes toward the subject and build the resilience needed to persist through
challenges.

In sum, teacher professionalism is a multidimensional construct that
encompasses deep content knowledge, adaptive teaching practices, effective
classroom management, and the capacity to inspire and support students. As the
educational landscape continues to evolve with technological advances and shifting
societal expectations, the need for highly professional teachers who can navigate these
complexities while maintaining a focus on student motivation and success has never
been greater. Investing in teacher development programs that enhance these
competencies is essential for ensuring that all students have the opportunity to thrive
academically.

1.7 Causes of Demotivation of Secondary School Students to

Study Mathematics

The motivation to study mathematics is a priority question in educational
psychology. During the past few years, there has been an increasing number of studies
and investigations into the issues of development of positive motivation as well as
causes of loss of motivation to study mathematics. Based on research from the last
decade, a demotivation to study mathematics among students stems from a cognitive,
emotional, pedagogical, and social complex of reasons (Pinxten et al., 2014).

One of the most critical demotivating influences is mathematics anxiety, which
in scientific literature is understood as a form of "mathematics anxiety”. Based on
research conducted by Ramirez and others (Ramirez et al., 2018), this type of anxiety
emerges when performing tasks which require calculations or logical reasoning, and
has physiological and psychological impacts similar to stress. Ashcraft and Kirk
(2001) found that high anxiety levels have a negative impact on working memory and,
consequently, on academic performance.
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Emotional reactions to math difficulties may be:

* helplessness;

* annoyance and hostility;

« inferiority in society (mostly when compared with peers);

» learned helplessness.

They typically emerge at the primary and secondary school levels amidst
ineffective pedagogical communication, overabundance of work, or evaluation
attitudes towards learning. Dweck (2006) discovered that emphasis on stable
intellectual skills increases anxiety and less motivation to tackle challenges.

Among pedagogical factors of demotivation are:

» frontal teaching without an individual approach (Brophy, 2010);

« focus on control and testing, not research and discovery;

* absence of ties between studied material and the life of students (Boaler,
2016);

» lack of visualization and application of contemporary digital technologies.

Social problems also play a significant role: parent pressure, teachers' low
expectations, lack of support from peers and family. Students who are not supported
or criticized are more likely to experience a decrease in self-confidence, leading to a
decrease in interest and motivation (Eccles & Roeser, 2009).

1.8 Cultural Context and Motivation

Cultural values significantly influence students’ motivation and attitudes
towards learning, especially in mathematics education. In collectivist societies, such
as Kazakhstan and many other Central Asian countries, academic success is often
viewed not only as a personal achievement but as a reflection of family honor and
societal expectations (Hofstede, 2001). This cultural emphasis can create both positive
and negative motivational forces. On one hand, strong family and community support
can encourage persistence and dedication. On the other hand, excessive pressure to
perform may lead to increased anxiety, fear of failure, and ultimately demotivation
(Salili et al., 2001). Comparative studies have highlighted that students from
collectivist cultures tend to experience higher levels of external motivation, driven by
the desire to meet family and societal expectations (Markus & Kitayama, 1991).

Furthermore, research suggests that cultural attitudes toward mathematics itself
may shape students’ motivation. In some educational systems, mathematics is
perceived as a prestigious subject, leading to higher expectations and potential stress
for students (Leung, 2001). However, limited studies have examined how these
cultural factors interact with students’ self-efficacy, mindset, and engagement in the
Kazakhstani context, pointing to an important direction for future research.

Cultural values significantly influence students' motivation and attitudes toward
learning, particularly in subjects such as mathematics. In many educational
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psychology frameworks, motivation is often viewed as an individual trait, yet research
increasingly recognizes that the cultural environment plays a vital role in shaping how
learners approach academic tasks. In collectivist societies such as Kazakhstan and
other Central Asian countries, academic success is often viewed not only as a personal
achievement but also as a contribution to the family’s status and well-being
(Hofstede, 2001). In these settings, motivation is deeply intertwined with values such
as obedience, respect for elders, and group harmony. As a result, students may pursue
academic goals not solely out of personal interest, but to fulfill family expectations
and maintain social reputation.

This cultural emphasis can generate a dual effect on student motivation. On one
hand, strong support from family and the broader community can foster persistence,
resilience, and a deep sense of responsibility in learners. Students may develop a
commitment to their studies due to the collective goals shared within the family or
community. On the other hand, the pressure to meet high academic expectations can
create emotional stress and anxiety, especially in competitive subjects like
mathematics. When students perceive their self-worth as being conditional on
academic success, fear of failure can become a powerful demotivating force (Salili et
al., 2001). For instance, in cases where a student underperforms on a mathematics
test, the emotional consequences may go beyond personal disappointment, extending
to a sense of having let down one’s family or community.

Studies comparing motivation across cultures have consistently shown that
students from collectivist societies report higher levels of external motivation. In
particular, they are more likely to be driven by the desire to fulfill expectations from
parents, teachers, and society at large (Markus & Kitayama, 1991). This form of
motivation, often categorized as introjected regulation in motivational theories, can be
powerful in driving effort but is also fragile when outcomes are not favorable. If
students internalize academic failure as a source of shame or disappointment, their
long-term engagement may decline. Consequently, educators working in collectivist
cultures need to be especially sensitive to the social-emotional dimensions of
motivation, and strive to balance encouragement with psychological support.

In Kazakhstan, these dynamics are especially relevant given the country’s
educational landscape and cultural heritage. Success in academic subjects such as
mathematics is often associated with discipline, intelligence, and future professional
opportunity. For many students and their families, high achievement in math is seen
as a gateway to respected careers in engineering, economics, or technology. This adds
another layer of societal significance to mathematics performance, which in turn can
elevate the stakes for students. Leung (2001) notes that in many Asian educational
systems, mathematics is viewed as a prestigious and difficult subject, associated with
national pride and intellectual rigor. This perception can increase motivation in some
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students, but also leads others to feel overwhelmed, especially when the subject is
taught in a rigid or highly competitive environment.

In classrooms where mathematics is emphasized as a measure of student
capability, the risk is that students who struggle with the subject may feel stigmatized.
Cultural narratives that associate success with intelligence can lead to fixed mindsets,
where students believe that mathematical ability is innate rather than developable. If
students from a young age internalize the belief that they are “not good at math,” this
mindset can become reinforced through repeated failure and lack of support,
eventually contributing to long-term demotivation. Such outcomes may be more
pronounced in cultures where failure is less openly discussed and where academic
success is tied to family reputation.

Furthermore, the role of language and cultural communication styles in
education must be considered. In many Central Asian classrooms, there is a traditional
emphasis on teacher authority and student passivity. This may limit students'
opportunities to ask questions, express confusion, or engage in discussion-based
learning. As a result, students may not develop the self-regulatory or metacognitive
skills associated with intrinsic motivation. Encouraging student agency, curiosity, and
open dialogue can be especially important in such contexts to counteract passive
learning habits. Teachers who create a safe and responsive classroom environment
may help shift student motivation from primarily external to more internal and self-
directed forms.

The integration of culturally responsive teaching practices has been shown to
improve motivation and engagement. When teachers acknowledge and incorporate
students' cultural identities and backgrounds into the learning process, students are
more likely to feel connected and valued. In the Kazakhstani context, this could
include drawing examples from local traditions, community issues, or national history
to make math content more relatable. Additionally, involving families in the
educational process in meaningful and supportive ways—not just as sources of
pressure—can strengthen motivation. For example, when parents are engaged as
partners in their children's learning, rather than as enforcers of discipline, students
may feel more supported and less afraid of disappointing their families.

Another critical consideration is how cultural values intersect with self-
efficacy. Students in collectivist cultures may underestimate their own abilities due to
modesty norms or lack of positive reinforcement. If a student is taught that humility is
a virtue, they may hesitate to express confidence or pride in their academic skills.
While this humility can foster collaboration and respect, it may also obscure the
development of self-belief. Since self-efficacy is a strong predictor of motivation and
persistence, especially in mathematics (Bandura, 1997), educators must find culturally
sensitive ways to build students’ confidence without undermining their values.
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Unfortunately, there is limited empirical research specifically focused on how
cultural factors shape motivation among Kazakhstani students. While international
frameworks provide useful insights, they must be adapted and examined in local
educational contexts. Future research could explore how cultural beliefs, school
structures, and family expectations interact with students' goal-setting behaviors,
attitudes toward mathematics, and long-term academic outcomes. Such studies would
help inform teacher training and policy development to ensure that motivational
strategies are both effective and culturally appropriate.

In conclusion, culture profoundly influences how students understand, pursue,
and respond to academic challenges. In collectivist societies like Kazakhstan, the
desire to meet family and societal expectations can serve as both a motivating and
demotivating force. When educational systems rely heavily on external motivation
and social pressure, students may achieve short-term success but risk long-term
disengagement if emotional and psychological needs are unmet. Educators must
therefore adopt a culturally informed approach to motivation—one that respects
traditional values while also fostering autonomy, self-efficacy, and emotional
resilience. Only then can learning be both meaningful and sustainable across diverse
cultural settings.

1.9 The Role of Parental Involvement

Parental involvement plays a wvital role in shaping students’ academic
motivation, emotional well-being, and achievement, particularly in subjects like
mathematics that are often associated with high levels of performance pressure.
Positive forms of involvement, such as providing encouragement, setting high but
realistic academic expectations, and offering support with homework, have been
consistently linked to greater student engagement and success. A comprehensive
meta-analysis by Fan and Chen (2001) demonstrated that students whose parents are
actively and positively involved in their education tend to exhibit higher levels of
intrinsic motivation, stronger work habits, and better academic outcomes.

However, the quality and nature of parental involvement are crucial
determinants of its effects. While supportive and autonomy-promoting behaviors tend
to enhance student motivation, overly controlling or authoritarian parenting can lead
to adverse outcomes. Pomerantz et al. (2007) found that controlling parental
behaviors, characterized by excessive monitoring, pressure, or criticism, were
associated with increased student anxiety and lower motivation, particularly in
mathematics where students often already face challenges to their confidence and
self-efficacy.

In mathematics education specifically, supportive parental actions—such as
engaging in conversations about math-related topics, showing interest in students’
problem-solving efforts, and expressing positive attitudes toward mathematics—can
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significantly foster intrinsic motivation and curiosity (Gunderson et al., 2012). These
interactions help students perceive mathematics as a valuable and approachable
subject rather than an obligatory or intimidating task. On the other hand, research
indicates that parents’ own emotional experiences with mathematics can directly
impact their children’s motivation. Maloney et al. (2015) highlighted that parents who
experience high levels of math anxiety may unintentionally transmit their negative
attitudes and anxieties to their children, leading to increased avoidance behaviors and
reduced persistence when faced with mathematical challenges.

The evidence underscores the importance of designing interventions that not
only target students but also involve parents in efforts to promote healthy
motivational development. Parent-focused workshops, informational sessions, and
resources that help parents adopt supportive communication styles, manage their own
math-related anxieties, and create positive home learning environments can play a
crucial role in shaping students' attitudes and emotions toward mathematics. Such
initiatives may help break the intergenerational transmission of math anxiety and
promote a more positive and resilient approach to learning.

Motivation is not a static trait but evolves over time, influenced by
developmental changes, educational experiences, and social contexts. Longitudinal
studies have provided valuable insights into how students' academic motivation
changes throughout schooling. For instance, Gottfried et al. (2001) found that intrinsic
motivation in mathematics tends to decline from late childhood through adolescence,
particularly among students who face repeated academic struggles.

Similarly, Pinxten et al. (2014) observed that declines in motivation are often
accompanied by decreases in academic achievement, creating a negative feedback
loop that can be difficult to break. These findings highlight the importance of early
interventions and sustained support to maintain motivation across critical educational
transitions.

Although existing literature provides a rich understanding of factors influencing
student motivation, several gaps remain. There is a need for more culturally specific
research examining how traditional values, parental expectations, and societal
pressures interact with individual motivational constructs in Kazakhstan and similar
contexts.

Moreover, while the role of technology in supporting motivation is well-
documented in Western settings, studies focusing on its implementation and impact in
Central Asian educational systems are scarce. Future research should also explore the
long-term effects of technology-enhanced learning interventions and the ways in
which digital tools can support not only cognitive but also emotional and social
aspects of motivation.
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1.10 Technological Factors of GeoGebra and Desmos

The increasing prevalence of smartphone use among middle school students, as
highlighted by Cha and Seo (2018), raises concerns regarding its impact on academic
motivation. Excessive smartphone use can lead to distractions, reducing time spent on
academic tasks, including math homework. Addressing smartphone addiction may be
vital for improving students' focus and motivation in mathematics.

Desmos and GeoGebra

Desmos is an interactive graphing calculator and digital learning platform that
has gained popularity in mathematics education due to its accessibility, versatility,
and ability to engage students in dynamic exploration of mathematical concepts.
Unlike traditional static tools, Desmos allows students to visualize mathematical
relationships in real time, fostering active learning and deeper conceptual
understanding.

Desmos and GeoGebra represent a modern generation of educational
technology in math. Desmos, launched in 2011, is widely used in algebra and calculus
teaching for its powerful graphing calculator and simulation capabilities. It runs on
web browsers and mobile devices, making it highly accessible. Teachers can create
interactive Desmos activities where students adjust sliders to see how parameters
affect graph shapes, or collaborate in an online environment to solve problems.
GeoGebra, first introduced in 2002, has become one of the most popular dynamic
mathematics software programs globally. It allows users to construct geometric
figures, plot functions, and even perform algebraic computations in one integrated
platform. GeoGebra’s strength lies in its versatility: a student can draw a triangle and
dynamically change its angles and sides while observing measurements update in real
time, or graph a function and then alter its equation to see the effect. Both tools are
free to use and have a strong community of educators sharing materials, which has
accelerated their adoption in many schools. Hoyles (2018) observed that such digital
resources are transforming the practices of learning and teaching mathematics by
enabling new forms of inquiry and visualization that were not possible with traditional
methods (e.g. paper-and-pencil).

The use of Desmos can have a significant impact on students' emotional
experiences during mathematics lessons. By enabling immediate feedback and
offering an interactive environment, Desmos promotes enjoyment and pride, as
students successfully manipulate parameters and observe results. The dynamic nature
of the platform can reduce boredom and hopelessness, as learners engage in discovery
rather than rote procedures. Furthermore, the collaborative features of Desmos
Classroom Activities support positive social interactions, which may decrease anger
associated with frustration or isolation during problem solving.
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The integration of Desmos into mathematics instruction offers teachers practical
ways to design lessons that are more engaging and emotionally supportive. For
example:

. Exploration-based tasks using Desmos encourage curiosity and reduce anxiety
by allowing students to experiment without fear of making irreversible
mistakes.

« Visual and interactive representations help clarify complex ideas, which can
enhance students’ sense of control over the material.

« Collaborative Desmos activities can foster a sense of community and shared
success, counteracting negative emotions linked to isolation.

While Desmos offers significant benefits, its effective use requires thoughtful
integration into the curriculum. Teachers need appropriate training to design
meaningful activities rather than using the tool solely for demonstration. Additionally,
issues of digital access and equity must be considered, as not all students may have
reliable access to devices or the internet.

GeoGebra is an open-source dynamic mathematics software that integrates
geometry, algebra, calculus, and statistics into a single interactive environment. Its
versatility makes it a valuable resource for educators seeking to enhance students’
motivation and engagement in mathematics. Unlike traditional teaching tools,
GeoGebra allows students to manipulate mathematical objects dynamically and see
the immediate consequences of their actions. This interactive nature fosters
exploration and discovery, encouraging learners to take an active role in constructing
mathematical knowledge.

The use of GeoGebra in mathematics lessons can significantly influence students’
emotional responses. By offering a hands-on, visual approach to learning, GeoGebra
increases students’ enjoyment by making abstract concepts more accessible and
engaging. As students successfully complete dynamic constructions or visualize
solutions, they often experience pride, reinforcing their belief in their own
mathematical abilities.

Importantly, GeoGebra helps combat boredom by transforming routine exercises
into exploratory tasks where students can test hypotheses, adjust parameters, and
observe results in real time. It provides multiple entry points to problems, which is
particularly valuable for reducing hopelessness in students who may struggle with
purely symbolic representations. The ability to check and refine solutions visually
also reduces anger and frustration, as students feel more in control of their learning
process.

GeoGebra's capacity to connect symbolic, numerical, and graphical
representations aligns with principles of universal design for learning, supporting
diverse learners and promoting inclusivity. This multidimensional approach enhances
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cognitive engagement, as students can approach problems from different angles and
select strategies that align with their strengths.

Empirical studies support the motivational benefits of GeoGebra. For example,

Zengin (2017) found that pre-service mathematics teachers using GeoGebra
demonstrated more positive attitudes toward proof and proving tasks, highlighting the
tool's potential to increase interest in traditionally challenging areas of mathematics.
Similarly, Unli and Ertekin (2013) reported that students using GeoGebra in
geometry lessons showed higher levels of intrinsic motivation and greater persistence
compared to peers taught with conventional methods.
These findings are consistent with the control-value theory (Pekrun, 2006), which
posits that emotional experiences in learning contexts are shaped by perceptions of
control and the value assigned to tasks. GeoGebra enhances both: it gives students
greater control through interactive manipulation, and it increases task value by
demonstrating real-world relevance and connections.

In practice, teachers can use GeoGebra to design lessons that nurture positive
emotions and minimize negative ones. Examples include:

. Dynamic geometry investigations, where students explore properties of figures
by dragging vertices and observing invariant relationships.

. Modeling of real-world scenarios, such as analyzing motion along curves or
visualizing statistical data, to highlight the applicability of mathematics beyond
the classroom.

« Collaborative projects, where students create and present GeoGebra
constructions, fostering communication skills and shared accomplishment.
GeoGebra can also be integrated into formative assessment, allowing teachers

to provide immediate, visual feedback and guide students’ reasoning in real time.

While GeoGebra offers considerable advantages, its effective use requires
careful instructional design. Without clear goals and guidance, students may focus on
superficial features rather than developing deep conceptual understanding.
Furthermore, equitable access to technology remains a challenge in some educational
contexts. To maximize the benefits of GeoGebra, professional development for
teachers and infrastructure support are essential.

While tools like GeoGebra and Desmos have significantly transformed
mathematics instruction by enabling interactive and visual learning, the ongoing
development of emerging educational technologies—particularly those powered by
artificial intelligence (Al)—presents new opportunities for enhancing motivation,
engagement, and personalization in mathematics education.

One of the most promising areas is the use of Al-driven learning platforms that
adapt dynamically to students’ learning profiles. These systems analyze student
behavior, performance, and patterns of response to provide personalized feedback,
adjust task difficulty, and offer targeted support. Luckin et al. (2016) note that such
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adaptive systems can sustain learner engagement by reducing frustration and offering
tasks that are appropriately challenging — a critical balance in maintaining
motivation, especially in mathematics where students often face cognitive overload.

A notable example of this technological evolution is the development of
intelligent tutoring systems (ITS). These systems simulate human tutoring by
providing step-by-step guidance, real-time assessment, and context-sensitive
feedback. Research by VanLehn (2011) demonstrated that students who used ITS
environments often achieved learning gains comparable to those working with human
tutors, particularly in the area of mathematical problem solving. Furthermore, ITS can
offer affective support, responding not only to correctness but also to indicators of
frustration or disengagement, which are essential emotional components in sustaining
motivation.

Beyond tutoring, Al technologies are increasingly used in adaptive assessment,
game-based learning, and learning analytics dashboards. These tools can visualize
students’ progress, identify learning bottlenecks, and help teachers make timely, data-
informed instructional decisions. When integrated with pedagogical strategies that
promote growth mindset and self-regulated learning, these systems can foster deeper
engagement and reduce emotional barriers like math anxiety.

However, the integration of Al into mathematics education must be approached
with critical consideration of pedagogical and ethical dimensions. Holmes et al.
(2019) emphasize that technological effectiveness is not merely a function of the
algorithm but depends on how it is aligned with instructional goals, classroom
practices, and individual learner needs. Additionally, concerns related to data privacy,
algorithmic bias, and student autonomy must be addressed. Educational Al should be
transparent, equitable, and respectful of learners’ rights.

Digital Technologies in Mathematics Education

Over the past decades, educational systems have increasingly emphasized the
integration of digital technologies to enhance teaching and learning. This push is
grounded in the belief that technology can facilitate more interactive, student-centered
learning environments and equip learners with essential 21st-century skills (e.g.
problem-solving, critical thinking, and digital literacy). Mathematics, often perceived
as abstract and challenging by students, can particularly benefit from technologies that
make concepts more tangible. Dynamic mathematics software, graphing applications,
and educational games are some examples of digital resources that have been
introduced into math classrooms. These tools are rooted in constructivist learning
theory, which posits that learners construct knowledge best through active
engagement and exploration. Nicaise and Barnes (1996) argued that combining
technology with constructivist pedagogy allows students to take a more active role in
learning, as technology offers open-ended environments for exploration and
immediate feedback. Similarly, Duffy and Jonassen (2013) note that technology can
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support authentic learning experiences where students build understanding through
interaction and experimentation (as opposed to rote learning). In essence, digital tools
can serve as cognitive amplifiers — they extend students’ ability to visualize,
manipulate, and experiment with mathematical objects, thereby deepening conceptual
understanding.

Rationale and Context

Despite the availability of tools like Desmos and GeoGebra, their
implementation in everyday classroom practice is not yet universal. Teachers may
face barriers such as insufficient training, limited technology access, or uncertainty
about how to effectively integrate these tools into the curriculum. In some educational
contexts, there is still a reliance on traditional teaching methods with minimal use of
computers or tablets during math lessons. In Kazakhstan, for instance, studies have
noted that while students are highly dependent on gadgets in their personal lives,
interactive digital tools are underutilized in mathematics lessons. This underutilization
represents a missed opportunity to connect with students in a medium they find
engaging. It also raises concerns that the education system may not be fully preparing
students for a digitally rich world. National education strategies have begun to call for
increased “informatization” of education, and schools are gradually acquiring more
technology infrastructure. However, effectively using that technology for pedagogical
benefit requires evidence-based strategies and teacher development.

Within this context, the current research addresses an important need: to
demonstrate how using Desmos, GeoGebra and similar technologies can enhance
learning in a real classroom setting. By conducting an intervention in a middle school
math class, the study provides a model for how digital tools can be embedded in
teaching specific math topics (such as functions and geometry) in alignment with the
standard curriculum. The focus on student motivation is also crucial. Mathematics
anxiety and disinterest are common issues that educators attempt to overcome;
interactive technologies may offer a way to make learning more fun and relevant for
students, thus increasing their motivation. Indeed, research suggests that making math
instruction more game-like or interactive can improve student attitudes. In a recent
Kazakhstani experiment, for example, incorporating interactive digital games into
10th-grade math lessons led to higher engagement and students scoring approximately
50% higher on a math test compared to a control group. These findings underscore the
potential impact of digital interventions on student learning and enthusiasm.

Educational Significance

If tools like Desmos and GeoGebra can be shown to improve learning
outcomes and motivation, it would support a shift toward more technology-rich
pedagogy in mathematics. It could encourage schools to invest in necessary resources
(like classroom computers or tablets) and teacher training for technology integration.
Moreover, it would contribute to the theoretical understanding of how digital media
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influences learning processes in math — for instance, through enhanced visualization,
immediate feedback, or increased student agency in learning. This study is grounded
in the belief that when used thoughtfully, technology can not only make mathematics
more accessible but also cultivate a deeper conceptual grasp and a more positive
disposition towards the subject. The following Literature Review examines prior
studies that have explored these possibilities, providing a foundation for the
expectations and design of the present research.

Finally, the successful implementation of emerging technologies requires
adequate teacher training, infrastructure support, and careful curriculum alignment.
Teachers need to be not only consumers of these technologies but also collaborators
in shaping how they are used. When appropriately implemented, emerging
technologies can complement traditional and digital tools like GeoGebra and Desmos,
offering a multilayered ecosystem that supports motivation across cognitive,
emotional, and behavioral domains. The integration of technology into classrooms has
shown a strong potential for increasing motivation and engagement among elementary
and middle school students. Research suggests that when educational technologies are
interactive, adaptive, and student-centered, they can support intrinsic motivation and
deepen engagement with academic content (Deci & Ryan, 2000). For example, digital
platforms like Kahoot, Nearpod, and Classcraft allow students to participate actively,
receive immediate feedback, and collaborate with peers, which contributes to a more
dynamic learning environment (Wang, 2015).

Technology-supported environments also provide personalized learning paths,
helping students progress at their own pace and according to their interests. According
to Pane et al. (2017), students in personalized digital classrooms demonstrated greater
academic growth and reported higher motivation, especially when they had some
control over their learning activities. Similarly, gamified learning environments—
those that include elements like points, levels, and badges—can boost student
persistence and positive emotional responses toward learning tasks (Dicheva et al.,
2015).

Furthermore, interactive tools such as GeoGebra and Desmos in mathematics,
offer students the opportunity to experiment, visualize, and construct knowledge in
ways that traditional textbooks cannot. These tools are especially effective with
middle school students, who benefit from visual and Kkinesthetic engagement
(Papadakis et al., 2018).

However, the success of technology integration depends heavily on teacher
facilitation and digital literacy. If technology is used only to replicate traditional
instruction, its motivational potential is lost (Ertmer & Ottenbreit-Leftwich, 2010).
Effective use requires intentional instructional design, scaffolding, and alignment with
student needs and learning goals.
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Overall, literature indicates that technology-supported learning environments,
when used thoughtfully, can significantly increase motivation and engagement among
younger learners by offering interactive, personalized, and visually rich experiences.

1.11 Teacher-Student Relationships

The quality of teacher-student relationships is widely recognized as a central
factor in shaping students’ academic motivation, emotional well-being, and overall
school engagement. Positive interactions between teachers and students provide a
supportive environment that fosters a sense of belonging, security, and intrinsic
motivation to learn. According to Hughes and Cao (2017), teacher-student
relationships characterized by warmth, responsiveness, and low conflict are associated
with greater academic engagement and achievement across diverse educational
contexts.

When students perceive their teachers as caring and supportive, they are more
likely to approach learning tasks with confidence and persistence, even in the face of
challenges. This supportive dynamic enhances students’ perceived control and the
value they place on academic tasks — key components of the control-value theory of
achievement emotions (Pekrun, 2006). In mathematics education specifically, where
anxiety and fear of failure can be particularly pronounced, positive teacher-student
relationships can act as a buffer against negative emotional states, reducing feelings of
hopelessness, anger, and boredom while promoting enjoyment and pride in learning.
Conversely, conflictual or distant relationships with teachers may contribute to
student demotivation. When students experience criticism, rejection, or indifference
from teachers, they may feel alienated from the learning process, leading to
disengagement and avoidance behaviors. Such experiences can exacerbate negative
emotions related to mathematics, including frustration and a sense of futility, which in
turn lower achievement and increase the risk of long-term disinterest in the subject
(Ryan & Deci, 2000).

To address these challenges, educational researchers and practitioners advocate
for professional development programs that help teachers cultivate strong, positive
relationships with students. Training initiatives may include strategies for effective
communication, classroom management that emphasizes respect and inclusivity, and
approaches for providing constructive feedback that supports students’ self-efficacy.
By equipping teachers with these relationship-building skills, schools can create
emotionally supportive environments that enhance both the motivation and academic
success of students.

Furthermore, interventions aimed at strengthening teacher-student relationships
can be particularly impactful for students at risk of academic underachievement or
demotivation. For example, mentoring programs or regular check-in meetings
between teachers and students can help establish trust and provide personalized
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support. These practices contribute to the development of a classroom climate where
all students feel valued and motivated to engage in mathematical learning.

Self-Determination Theory (SDT) has been one of the most influential
frameworks in understanding student motivation. It posits that intrinsic motivation is
fostered when individuals’ basic psychological needs for autonomy, competence, and
relatedness are satisfied (Deci & Ryan, 1985, 2000). In educational settings, students
who feel in control of their learning, capable of success, and connected to their
teachers and peers are more likely to engage deeply with academic tasks. Studies have
shown that when these needs are thwarted, motivation diminishes, leading to
disengagement and poorer academic outcomes (Ryan & Deci, 2000).

Constructivist learning theories emphasize active learning and knowledge
construction through exploration and problem-solving (Jonassen, 1999). In
mathematics, Boaler (2016) argues that constructivist approaches help students
develop a growth mindset by encouraging them to view challenges as opportunities
for learning rather than threats to their self-worth. Expectancy-Value Theory (Eccles
et al., 1983) further explains motivation as a function of students’ beliefs about their
likelihood of success and the value they place on the task. This theory highlights how
cultural, social, and personal factors shape students’ motivation for learning
mathematics.

Peer interactions significantly influence students’ emotional well-being and
academic motivation, particularly during adolescence when peer acceptance becomes
increasingly important. Positive peer relationships, characterized by mutual respect,
encouragement, and cooperation, can enhance students’ sense of belonging in the
classroom and promote active engagement in mathematics learning. Cooperative
learning structures and group problem-solving activities, for example, have been
shown to increase motivation by fostering collaborative rather than competitive
dynamics (Hughes & Cao, 2017).

In contrast, negative peer experiences such as bullying, exclusion, or social
comparison can have severe consequences for students’ motivation and mental health.
Victimized students often show signs of psychological distress, withdrawal, and
reduced academic performance (Totura et al., 2014). These experiences can contribute
to feelings of incompetence and further demotivation, especially in subjects perceived
as difficult, like mathematics.

1.12 Homework and Motivation in Mathematics

Homework is often considered a key component of mathematics education,
providing students with opportunities to practice skills, consolidate learning, and
develop independent problem-solving abilities (Cooper et al., 2006). However, its
impact on student motivation is complex and influenced by various factors, including
the quality, quantity, and perceived relevance of assignments.
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Research indicates that the nature and purpose of homework play a significant
role in shaping students' motivational responses. Trautwein et al. (2002) found that
homework perceived as meaningful and well-aligned with classroom instruction
positively influences student motivation and engagement. Conversely, repetitive or
excessively challenging homework can contribute to frustration, anxiety, and
demotivation, particularly among students who already struggle with mathematics
(Dettmers et al., 2010).

The amount of homework assigned also matters. Excessive homework loads
have been associated with increased stress and reduced intrinsic motivation, as
students may begin to view mathematics as a source of pressure rather than
intellectual curiosity (Kohn, 2006). In contrast, moderate amounts of thoughtfully
designed homework can promote a sense of competence and autonomy—two critical
components of intrinsic motivation as identified in Self-Determination Theory (Deci
& Ryan, 2000).

Parental involvement in homework further mediates its motivational impact.
When parents provide supportive help rather than controlling oversight, students tend
to develop more positive attitudes toward homework and mathematics in general
(Pomerantz et al., 2007). However, parental pressure to achieve high performance on
homework tasks can contribute to performance anxiety and avoidance behaviors
(Silinskas et al., 2013).

Digital technologies have introduced new dimensions to mathematics

homework, offering interactive platforms that can make homework more engaging
and personalized. For example, homework tools that provide immediate feedback,
hints, or adaptive problem sets may enhance motivation by supporting mastery and
reducing frustration (Rosario et al., 2015). However, disparities in access to such
technologies can exacerbate existing motivational gaps among students from different
socioeconomic backgrounds (Warschauer, 2004).
Finally, recent studies have highlighted the importance of student perceptions of
homework purpose. Xu (2005) argues that when students see homework as a tool for
learning and self-improvement rather than as mere compliance, they are more likely
to approach assignments with interest and persistence. This suggests that teachers can
boost motivation by clearly communicating the goals and relevance of homework
tasks.

1.13 The Role of Emotions in Mathematics Education

Emotions play a critical role in students’ engagement, motivation, and
achievement in mathematics. Contemporary educational psychology emphasizes that
academic emotions are not simply by-products of learning, but integral components
that shape cognitive processes, self-regulation, and performance (Pekrun et al., 2002).
Positive emotions such as enjoyment and pride can foster deeper engagement,
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persistence, and adaptive learning strategies. Conversely, negative emotions like
anger, hopelessness, and boredom are often linked to disengagement, avoidance
behaviors, and lower academic outcomes (Pekrun & Perry, 2014).

In the context of mathematics, where students frequently encounter challenges
that test their cognitive and emotional resources, it is particularly important to
understand and measure these emotional experiences. The Achievement Emotions
Questionnaire—Mathematics (AEQ-M) was designed precisely for this purpose, to
provide a comprehensive assessment of students’ emotional responses specific to
mathematics learning and testing situations (Schukajlow et al., 2023).

Emotions play a critical role in students’ engagement, motivation, and
achievement in mathematics. Contemporary educational psychology emphasizes that
academic emotions are not simply by-products of learning but integral components
that shape cognitive processes, self-regulation, and performance (Pekrun et al., 2002).
Positive emotions such as enjoyment, pride, and interest can foster deeper
engagement, persistence, and adaptive learning strategies. Conversely, negative
emotions like anger, hopelessness, anxiety, and boredom are often linked to
disengagement, avoidance behaviors, and lower academic outcomes (Pekrun & Perry,
2014). In many cases, emotions experienced in mathematics class can either fuel a
student’s desire to engage further or trigger withdrawal and resistance to learning.

The mathematics classroom, in particular, presents a unique emotional
landscape for students. Mathematics is often perceived as a high-stakes, performance-
driven subject, where answers are either right or wrong, and feedback is immediate.
As a result, students may develop emotional responses based on success or failure
experiences. Repeated struggles with mathematical content can lead to feelings of
shame or incompetence, especially among students who have internalized the belief
that mathematical ability is innate. These beliefs can make students more vulnerable
to negative emotions, particularly math anxiety, which is one of the most well-
documented affective barriers in math education (Ashcraft & Krause, 2007).

Math anxiety is characterized by feelings of tension, apprehension, or fear that
interfere with math performance (Hembree, 1990). Students experiencing math
anxiety often avoid math-related tasks, underperform on tests, and develop a fixed
mindset about their capabilities. Importantly, this emotional response can start in early
childhood and become more deeply rooted over time if not addressed. In middle
school, where academic expectations increase and students begin to compare
themselves to peers more critically, negative emotions around math can intensify.
High levels of math anxiety have also been associated with deficits in working
memory, further compounding performance difficulties (Ramirez et al., 2013).
Teachers and schools must therefore be equipped to recognize and address these
emotional challenges, rather than treating them as mere side effects of poor
performance.
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Positive academic emotions, by contrast, have been shown to enhance
mathematical engagement and achievement. When students experience enjoyment
while solving problems, or pride after mastering a new concept, they are more likely
to persist through difficult tasks and use deeper processing strategies. Pekrun’s (2006)
Control-Value Theory of Achievement Emotions argues that emotions in academic
settings are shaped by two key appraisals: the perceived control over learning
activities and the value attached to those activities. For example, a student who
believes they can influence their success (high control) and who finds math useful or
interesting (high value) is more likely to experience enjoyment, hope, and pride.
Conversely, low control and low value predict emotions such as anxiety,
hopelessness, and boredom. This theoretical framework provides a helpful lens for
understanding why some students become emotionally disengaged while others
thrive.

Measurement of academic emotions has advanced in recent years. Tools such
as the Achievement Emotions Questionnaire — Mathematics (AEQ-M) offer
researchers and educators a structured way to assess students’ emotional responses to
learning and testing in mathematics. Developed by Schukajlow et al. (2023), the
AEQ-M evaluates a wide range of emotions—including enjoyment, pride, anger,
anxiety, hopelessness, and boredom—experienced during class, while learning, or
during assessments. By distinguishing between these contexts, the instrument helps
identify specific emotional patterns that may influence different aspects of learning
behavior. For instance, a student might enjoy math lessons but still experience high
anxiety during tests, suggesting the need for test-specific interventions. The AEQ-M’s
validated structure also allows educators to track emotional development over time
and evaluate the effectiveness of emotional support strategies in the classroom.

Incorporating emotional awareness into teaching practices is increasingly
viewed as essential for fostering a supportive learning environment. Teachers who
recognize and respond to students' emotional cues—such as frustration, confusion, or
enthusiasm—can more effectively guide them toward positive learning experiences.
Research shows that emotionally supportive classrooms, where students feel safe to
make mistakes and receive constructive feedback, can reduce the impact of negative
emotions and promote resilience (Meyer & Turner, 2006). Practical strategies may
include encouraging growth mindset language (e.g., praising effort over results),
integrating collaborative problem-solving to reduce isolation, and using humor or
storytelling to make math more engaging.

Furthermore, emotional competence is not only important for students—it is
equally relevant for teachers. Teachers who exhibit emotional regulation, empathy,
and positive affect create atmospheres where students are more likely to engage
emotionally. A study by Frenzel et al. (2009) found that students were more likely to
enjoy math when their teachers showed genuine enthusiasm for the subject. This
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emotional contagion demonstrates how teacher affect can shape classroom mood and,
by extension, student motivation and performance. In contexts where students already
face cultural or psychological pressures related to mathematics, a teacher’s emotional
presence may serve as a buffer against fear and anxiety.

The integration of technology in mathematics instruction has also opened new
pathways for managing emotions. Tools like Desmos and GeoGebra offer students an
interactive and exploratory learning experience, reducing the pressure associated with
traditional problem-solving. By allowing students to visualize abstract concepts and
experiment freely without fear of making permanent mistakes, these tools can
alleviate anxiety and build confidence. As noted in the findings of this research, the
7L class that used Desmos showed increased levels of motivation and a more positive
emotional response to math tasks compared to the traditionally taught 7K class. This
suggests that digital tools, when thoughtfully integrated, may help address the
emotional needs of students alongside their cognitive ones.

Another key consideration is how emotional experiences differ across student
populations. For example, studies have shown that girls often report higher levels of
math anxiety than boys, despite similar levels of ability (Else-Quest et al., 2010).
Similarly, students from marginalized or underrepresented groups may experience
emotional barriers due to stereotype threat or lack of representation in math-related
fields. Addressing these disparities requires a holistic approach that combines
culturally responsive teaching, emotional validation, and targeted academic support.

In conclusion, emotions are not peripheral to mathematics education—they are
central to it. Students’ emotional experiences in math class influence how they
approach tasks, how long they persist, and how they define themselves as learners.
While positive emotions can empower and energize students, negative emotions can
inhibit learning and create long-lasting aversions to the subject. Tools like the AEQ-
M offer valuable insights into these emotional patterns, enabling educators to design
more emotionally intelligent instruction. By acknowledging and addressing the
emotional dimensions of mathematics learning, educators can create classrooms that
are not only intellectually stimulating but also psychologically safe and motivating.

1.14 Students’ Perspectives on Key Motivational Factors

Understanding what students themselves view as the most influential factors on
their motivation in mathematics offers valuable insights for educators and
policymakers. Several recent studies have explored these perspectives through
surveys, case studies, and experimental designs, revealing a complex interplay of
internal, social, and environmental influences.

1. Teaching Practices and Classroom Environment
A study of over 2,000 secondary students in Spain found that students with
higher motivation consistently rated their teachers’ instructional practices more
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positively. Specifically, clarity of instruction, teacher enthusiasm, and constructive
feedback were strongly correlated with increased engagement (Frontiers in
Psychology, 2022). Students emphasized that well-structured lessons, interactive
explanations, and emotional support from teachers helped them feel more confident
and willing to participate in mathematics tasks.

2. Use of Learning Resources and Study Habits

The same study also highlighted that access to quality study materials and
disciplined study routines significantly influenced student motivation and
performance . Students reported that using tools such as videos, practice sets, and
collaborative study sessions helped them take control of their learning and increased
their intrinsic interest in mathematics.

3. Sense of Competence and Intrinsic Motivation

A person-centered study of 863 students aged 9-13 identified distinct
motivational profiles based on differences in perceived competence and intrinsic
motivation. Students who believed they were good at math and genuinely enjoyed it
reported significantly fewer negative emotions and performed better academically.
These findings reinforce the notion that developing students’ self-perceptions and
interest is critical for sustained motivation.

4. Peer Support and Classroom Climate

Survey data from middle and high school contexts indicate that positive peer
relationships and a collaborative classroom climate are closely associated with higher
motivation. In contrast, classrooms characterized by competition, isolation, or
bullying negatively impacted students’ emotional well-being and inclination to
engage (Hughes & Cao, 2017; Totura et al., 2014) .

5. Social and Family Influences

In a case study of Grade 10 students in Namibia, learners reported that family
encouragement, teacher support, and role models in their community were key
motivational drivers. When family members valued mathematics and discussed its
applications, participants felt more motivated to see practical relevance in their
studies. Conversely, many admitted their engagement was driven primarily by the
requirement to pass exams rather than genuine interest.
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Table 1.14.1 Summary of Student-Reported Motivational Factors in Mathematics

Reported Factor Description

Teaching quality & feedback Clarity, enthusiasm, and constructive correction
by teachers

Study resources & routines Access to materials and disciplined study habits

Perceived competence & intrinsic | Belief in ability and genuine interest in

enjoyment mathematics

Peer support & classroom climate Collaborative, non-threatening peer interactions

Family encouragement & real-world | Parental support and subject relevance to daily life
relevance

Implications and Synthesis

These findings underscore that students' motivation is not driven by a single
factor but by the synergistic interaction of internal beliefs, teacher behaviors, peer
climate, and family environment. Students consistently highlight:

. The importance of teacher-student relationships, where clarity and emotional
support foster confidence and engagement.

. The role of external resources and structured study habits in maintaining
persistence.

. The significance of seeing themselves as competent and genuinely interested in
the subject.

« The impact of supportive peer environments that encourage collaboration and
well-being.

« The value of family involvement and real-world connections which anchor
learning in everyday relevance.

For educators, these insights suggest that to enhance student motivation,
interventions should be holistic, combining strategies such as effective teaching,
resource provision, peer collaboration, and family engagement. A singular focus (e.g.,
only improving resources) may be insufficient unless reinforced by positive social and
environmental support.

Despite the wealth of information available, several knowledge gaps persist in
understanding the demotivation of middle school math students. For instance, while
psychological and social factors have been extensively studied, there is a lack of
longitudinal research that explores how these factors interact over time. Future studies
could focus on longitudinal designs that track changes in motivation throughout the
middle school years.
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Moreover, the impact of emerging technologies on student motivation remains
underexplored. As digital learning tools become more prevalent, understanding how
these tools can either contribute to or alleviate demotivation in mathematics is
essential. Research could investigate the effectiveness of gamified learning
environments or interactive apps in promoting sustained engagement in math.

According to the analysis of recent literature, demotivation of teaching
mathematics is an important process to study. An effective response to opposition
requires a psychological knowledge of the affective condition of students as well as
innovations in pedagogy, including active use of modern technologies such as
GeoGebra and Desmos.

1.15 About Teaching Strategies to increase Motivation and

Engagement

It is well known that good teaching methods and strategies boost student
engagement, which in return makes learning for students easier, important and more
enjoyable. Children and adolescents will thrive academically in classrooms where
they feel connected to their teacher and their peers(Ryan, Connell and
Deci,1985;Connell and Wellborn,1991).According to Vickery(2014),most of the
teaching methods push for the idea that children have to take interest in subjects
which in return makes them develop their thinking, which then leads to the rich
engagement in the classroom: "All children regardless of age and attainment will
benefit from an education that  focuses on the development of thinking skills. This
approach will provide opportunities for children to be involved in the planning of
their work and be creative and reflective”.

There are a lot of teaching methods, but most of the times teachers tend to use
methods during which teachers often provide answers instead of giving opportunities
for students to find the answer themselves (Astuti & Lammers, 2017). Doing so often
gives students another reason to not be motivated enough to solve problems
themselves. Depending on the subject being studied, there are requirements for
assignments that students must submit. There are findings that most of these students
can't cope with their tasks given(Krawitz & Schukajlow, 2018). These findings also
suggest that this is one of the reasons which lead to student
demotivation(Tanaka,2017). If the amount of work given by a teacher exceeds the
amount student can do, it often demotivates them.

Effective teaching strategies can significantly boost student engagement and
motivation, making the learning process more enjoyable and meaningful for students.
High levels of engagement not only enhance students’ academic performance but also
contribute to a positive attitude toward learning. Research has shown that children and
adolescents thrive academically when they feel a sense of connection and belonging
in the classroom. In fact, students tend to perform better in environments where they
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feel personally connected to their teacher and peers (Ryan, Connell, & Deci, 1985;
Connell & Wellborn, 1991). Fostering such positive relationships and a supportive
classroom climate is therefore a fundamental strategy for increasing motivation and
engagement.

Building a Supportive and Connected Classroom Environment

One key factor in student motivation is the teacher—student relationship. When
teachers cultivate a warm, respectful, and supportive rapport with students, it satisfies
learners’ need for relatedness and encourages greater engagement in class activities
(Connell & Wellborn, 1991). Simple practices such as showing genuine interest in
students’ lives, listening to their opinions, and maintaining an inclusive atmosphere
can make students feel valued. This sense of belonging and emotional safety in turn
motivates them to participate actively and take risks in learning. Additionally, peer
connections are important — designing opportunities for students to collaborate and
learn from each other helps build a community of learners where everyone feels
accountable and supported. By nurturing trust and positive relationships in the
classroom, teachers lay the groundwork for students to be more invested in their
learning.

Promoting Active Learning and Participation

Beyond relationships, the method of instruction plays a critical role in
engagement. Studies have identified that excessive teacher lecturing can be
demotivating for students. In one study, the most frequently cited demotivating factor
was that teachers “lecture too much,” leading students to disengage. Many students
prefer teaching strategies that require them to participate actively in class and work
with their classmates, rather than passively listening to lectures. This suggests that
shifting toward active learning approaches can greatly increase motivation.

Active learning strategies include class discussions, hands-on activities,
problem-solving tasks, group work, and other methods where students are actively
involved in the learning process. For example, rather than simply providing answers,
teachers can pose thought-provoking questions, facilitate small group problem-
solving, or use the Socratic method to guide students to discover answers themselves.
Research emphasizes that learners should be given opportunities to find or produce
answers on their own, instead of being told solutions directly (Astuti & Lammers,
2017). This kind of student-centered approach encourages deeper cognitive
engagement and gives students a sense of accomplishment, thereby boosting their
intrinsic motivation. In practice, a teacher might present a real-world problem and
allow students to brainstorm solutions in teams or use project-based learning so that
students actively explore and apply concepts. Such interactive techniques not only
make lessons more engaging but also improve understanding and retention of
material.
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Another aspect of active learning is incorporating collaboration and discussion.
Allowing students to work together on assignments or discuss ideas enables peer
learning and keeps them engaged. Cooperative learning techniques (e.g. jigsaw
activities, group projects) with individual accountability ensure that every student
participates meaningfully (Astuti & Lammers, 2017). These methods tap into
students’ social nature and can make learning more enjoyable. Overall, by minimizing
one-way lecturing and maximizing student participation, teachers can create a more
dynamic classroom where students are motivated to be involved.

Encouraging Student Autonomy and Interest

Motivation flourishes when students feel a sense of ownership over their
learning. Autonomy-supportive teaching — giving students choices and a voice in
their learning — is a powerful strategy to increase engagement. Decades of research
conclude that providing students with choices increases their autonomy and, in turn,
their motivation and engagement. Students are more motivated to complete a task, and
often perform better, when they have some control over how they learn or how they
demonstrate their learning. For instance, teachers can let students choose from several
project topics or decide which book to read for an assignment. Even small choices,
like selecting which problems to solve or which role to take in a group activity, can
enhance students’ interest and investment in the task. By offering structured choices,
teachers foster a sense of agency in students, which leads to greater enthusiasm and
persistence in learning.

Involving students in planning and decision-making not only boosts motivation
but also cultivates important thinking skills. According to Vickery (2014), all children
— regardless of age or ability — benefit from an education that focuses on developing
thinking skills and invites them to be active participants in the learning process. This
approach means providing opportunities for students to help plan aspects of their
work, and to be creative and reflective in their studies. For example, a teacher might
involve the class in co-creating a project rubric or brainstorming topics they want to
explore in a unit. Such involvement gives students a stake in the process and makes
learning more relevant to them. Vickery notes that when students are involved in
planning and encouraged to think critically and reflect on their own learning, they
become more focused and develop traits like curiosity and confidence.

Teachers can also boost engagement by connecting lessons to students’
interests and real-life experiences. If students see the personal relevance or
importance of what they are learning, they are more likely to be intrinsically
motivated. For instance, incorporating examples, projects, or readings that relate to
students’ cultural backgrounds or current hobbies can spark interest. The key is to tap
into what students care about and show how the subject matter connects to the real
world. This relevance, combined with autonomy, creates a powerful motivator:
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students feel that they are pursuing learning for their own purposes, not just because
the teacher said so.

Ensuring Optimal Challenge and Support

Another crucial strategy is to tailor the difficulty and amount of work to the
right level — what educational psychology often calls the optimal challenge. Students
are most motivated when tasks are neither too easy (boring) nor overwhelmingly
difficult. If the amount or difficulty of work given exceeds what students can handle,
it can demotivate them. There is evidence that many students become discouraged
when they “can hardly cope with their assigned tasks” (Krawitz & Schukajlow,
2018). In such cases, students may feel helpless or develop a low sense of
competence, which reduces their motivation to continue. Tanaka (2017) likewise
found that students’ perceived competence plays a decisive role in motivation — when
learners continually feel incapable of meeting task demands, they are likely to
disengage. For this reason, teachers should be mindful of balancing high expectations
with adequate support.

Differentiating instruction is one way to achieve this balance. This means
adjusting tasks to different ability levels or providing scaffolding (such as hints,
guided practice, or step-by-step support) so that all students can experience success.
When students are challenged just beyond their current ability — a level that stretches
them but is still attainable with effort — they often enter a state of engagement and
productive struggle that promotes learning. On the other hand, consistently
overwhelming students with excessive homework or overly complex projects without
support will likely cause frustration and apathy. Teachers can increase motivation by
breaking large tasks into manageable steps, offering feedback and help when needed,
and celebrating incremental progress. Each small success builds students’ confidence
in their abilities. Over time, as students feel more competent, their intrinsic motivation
to tackle new challenges grows.

In addition, 1t’s important for teachers to monitor the workload and pacing of
the class. Checking in frequently on how students are handling the assignments can
provide clues if many are feeling overloaded or bored. With this information, teachers
can adjust deadlines, modify the quantity of work, or incorporate lighter, engaging
activities when needed. The goal is to keep students in that optimal zone where they
are working hard but not giving up. By ensuring that learning activities are
appropriately challenging and providing support for students to meet those challenges,
teachers help sustain students’ motivation and engagement throughout the course.

Making Learning Stimulating and Relevant

Finally, effective teaching strategies strive to make learning stimulating, varied,
and relevant. Even a well-intentioned method can fall flat if it does not capture
students’ interest. Research on demotivation has pointed out that uninteresting or
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monotonous classroom activities can lead students to disengage. In the earlier-
mentioned study, another top complaint was that classroom instruction and activities
were not motivative enough to hold students’ attention. To combat this, teachers
should incorporate a variety of activities and interactive techniques that arouse
curiosity. This could include educational games, multimedia resources, debates,
experiments, or field trips — anything that adds novelty and breaks the routine in a
productive way. When students are curious or excited about a lesson, they are
naturally more motivated to participate.

Moreover, aligning lessons with real-world applications can make learning feel
more meaningful. For example, a math teacher might show how a concept applies to
everyday life or future careers, or a literature teacher might connect themes from a
novel to current social issues. If students understand why the material matters, they
are more likely to engage with it. Teachers can explicitly discuss the purpose of a
lesson or ask students to reflect on how what they learned could be useful outside of
school. Relevance energizes learners by giving them a sense of purpose.

It’s also beneficial for teachers to be responsive to student feedback about what
Is working or not. If certain activities consistently fail to engage, a teacher can try a
different approach. On the other hand, if something really captivates students (say, a
particular project or discussion format), then finding ways to do more of that can
maintain high motivation. Good teachers are flexible and ready to adjust their
strategies to keep students interested. As noted by educational researchers, instructors
should monitor students’ motivation levels and be willing to modify their methods to
re-engage learners when attention fades. This might mean infusing a bit of fun,
offering a brain break, or connecting the topic to a student’s question.

In summary, increasing student motivation and engagement involves a
combination of supportive relationships, active learning, autonomy, appropriate
challenge, and stimulating content. Teachers who build trusting relationships and
foster a sense of belonging set the stage for engagement. By using active, student-
centered teaching methods and giving students more autonomy, teachers tap into
students’ natural curiosity and drive to learn. Ensuring that tasks are challenging but
achievable helps maintain students’ confidence and willingness to put in effort. And
by keeping learning activities varied, relevant, and interesting, teachers can capture
students’ attention and sustain their enthusiasm. Implementing these strategies creates
a positive feedback loop: motivated, engaged students are more likely to succeed, and
their success further fuels their motivation. In such classrooms, learning becomes not
just easier for students, but also more important and enjoyable — exactly the outcome
that effective teaching aims to achieve.
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1.16 Impact on Achievement and Understanding

Many studies have reported that students taught with the aid of digital tools
perform better on assessments than those taught by traditional methods. For example,
an experimental study by Zulnaidi and Zakaria (2012) found that the use of GeoGebra
software led to significantly higher conceptual and procedural knowledge scores in a
high school algebra class (focused on functions) compared to a control group without
GeoGebra. In a follow-up study, Zulnaidi et al. (2020) observed a similar positive
effect of GeoGebra on students’ mathematics achievement, noting that the GeoGebra
group outperformed the traditional teaching group on post-test scores. These
improvements are often attributed to the visual and interactive nature of the software
— students can see the immediate impact of changing a variable or moving a point on a
graph, which helps to solidify their understanding of relationships and correct
misconceptions. Research by Bakar et al. (2015) further supports these findings: their
work showed that instruction with GeoGebra improved Malaysian students’
performance on quadratic function problems, regardless of the students’ initial levels
of spatial visualization ability. The dynamic representation of functions in GeoGebra
helped students grasp concepts that might remain abstract in a textbook-only
approach.

Digital tools have also proven effective in teaching specific mathematical
concepts through exploration. Abadi and Fardah (2018) analyzed how students learn
the concept of function transformations (shifting graphs) using GeoGebra. They found
that students engaged in trial-and-error with the software, formulating and testing
conjectures about how graphs shift when parameters change. This exploratory process
allowed students to learn from mistakes and gradually deduce the general rules of
transformations, leading to a robust understanding that they could articulate and
support with examples. Similarly, King (2017) reported that high school students who
used Desmos in learning about algebraic functions developed a deeper conceptual
understanding of functions’ domains and ranges and how parameter changes affect
graph shapes. King’s study noted that with Desmos, students could investigate
families of functions interactively — for instance, by manipulating a slider to see how
the graph of y = mx + ¢ changes — which made abstract concepts more concrete. The
students in the Desmos-supported class showed higher achievement on function
topics and were able to explain concepts like slope and intercept more clearly than
those in a traditional class. These findings echo earlier research on graphing
calculators which suggested that technology can help build a “versatile
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understanding” of algebraic concepts by linking multiple representations (graphical
and algebraic).

It should be noted that not all studies found uniform benefits to all students. For
instance, Ocak (2008) examined university students using graphing calculators for
complex function problems and discovered that merely providing technology did not
guarantee improved performance. Students with prior experience and positive
attitudes toward technology benefited the most, while those less experienced
sometimes struggled to use the tools effectively. In Ocak’s study, some students used
the graphing tool to manually check graphs but without fully understanding the
underlying concepts, resulting in no significant performance gains over non-
technology users. This suggests that the effectiveness of digital tools can depend on
how they are implemented and on students’ familiarity with them. When well-
implemented, however, the consensus from numerous studies is that technology-
enhanced teaching can address common learning difficulties in mathematics. Indeed,
a systematic review by Hoyles (2018) concluded that digital technology, when
combined with good pedagogy, has the potential to transform mathematical learning
by allowing learners to visualize and experiment with mathematical objects in ways
that improve understanding.

1.17 Impact on Motivation and Engagement

Beyond test scores, researchers have explored how digital tools affect students’
motivation, interest, and attitudes toward mathematics. The evidence here is largely
positive. Selcik and Bilgici (2011) reported that teaching a geometry unit (polygons)
with GeoGebra increased students’ enthusiasm for learning and made it easier for
them to grasp basic geometric concepts. Students in that study found the lessons more
engaging than usual, which the authors attributed to the immediate visual feedback
and interactive nature of the software — instead of passively listening to a lecture,
students were actively constructing and measuring shapes themselves. Another study
on teaching the Pythagorean theorem with GeoGebra (Icel, 2011) found not only
improved test performance but also better retention of knowledge over time. Students
remembered the material longer, presumably because the interactive learning
experience was more memorable and helped them form stronger cognitive
connections. Research has also shown that technology-enhanced math classes can be
more enjoyable and participatory. Bagcivan (2005) observed that when students used
dynamic software, the classroom atmosphere became livelier — students were eager to
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try things out on the computer, share their discoveries, and even engage in friendly
competition on who could solve a problem faster or in a novel way. Similarly, Topuz
and Birgin (2020) documented that 7th graders working with GeoGebra on a circles
topic were more involved in discussions and demonstrated a positive competitive
spirit that spurred learning. These studies suggest that digital tools can reduce the
boredom and fear often associated with math by making learning more game-like and
exploratory.

The use of Desmos has also been linked to improved student attitudes. Teachers
surveyed by McCulloch et al. (2018) indicated that students found Desmos-based
activities “fun” and that the platform’s ease of use encouraged students to experiment
more with math problems. In those classrooms, students often worked at their own
pace with Desmos, which helped to personalize learning — a factor that can increase
both confidence and interest. Additionally, Fabian et al. (2016), in their study of
mobile technology in math, found significant gains in student engagement: students
using apps and software were more likely to participate actively and spent more time
on-task during lessons than those in conventional settings. The interactive nature of
technology (immediate feedback, multimedia elements, etc.) caters to diverse learning
styles and often makes mathematical exploration feel like solving a puzzle or playing
a game, which can be intrinsically motivating.

Importantly, increased motivation is not only a feel-good outcome; it can
translate into better learning. When students are motivated and engaged, they tend to
put forth more effort, persist through challenges, and employ deeper learning
strategies. By making lessons more engaging, tools like GeoGebra and Desmos may
indirectly boost achievement as well. In fact, the experimental study by Taukebayeva
and Bakirova (2024) provides a compelling example: they introduced interactive
digital game elements into math lessons and observed that the experimental group’s
higher engagement levels coincided with significantly better test performance (half
again as much as the control group’s scores). This aligns with the broader literature
that sees engagement as a mediator between instructional innovation and learning
outcomes.
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2. METHODOLOGY

2.1 Theoretical Rationale and Validity of the Questionnaire

Measuring emotions in mathematics: the Achievement  Emotions
Questionnaire—Mathematics (AEQ-M from now on). The development of the AEQ-
M is grounded in control-value theory, which posits that achievement emotions are
determined by students’ perceptions of control over learning activities and the value
they assign to these activities (Pekrun, 2006). According to this theory, emotions arise
from appraisals of whether students believe they can succeed (control) and whether
they consider the task important or interesting (value).

The items in the AEQ-M, and by extension in the translated questionnaire used
in the current study, are designed to capture these appraisals and the resulting
emotional states. By aligning the items with control-value theory, the questionnaire
ensures that it measures the constructs that are theoretically linked to motivation and
achievement outcomes in mathematics.

The Achievement Emotions Questionnaire—Mathematics (AEQ-M) is grounded
in control-value theory of achievement emotions, which posits that students'
emotional experiences depend on two central appraisals: their perceived control over
academic tasks (such as competence) and the value they attach to those activities
(Pekrun, 2006). In this framework, emotions such as enjoyment, anxiety, pride,
hopelessness, and boredom arise from specific combinations of control and value.
High perceived control and value promote positive emotions, while low control and
low value foster negative emotions (Pekrun & Perry, 2014).

The AEQ-M was developed specifically to assess emotions in mathematics, and
it is an adaptation of the domain-general AEQ. The instrument consists of 60 self-
report items that measure seven discrete emotions—enjoyment, pride, anger, anxiety,
shame, hopelessness, and boredom—across three academic contexts: class, learning,
and test situations (Schukajlow, Rakoczy, & Pekrun, 2023). For example, a class-
related enjoyment item reads, “I enjoy my math class,” while a test-related anxiety
item states, “When I have an upcoming math test, I get sick to my stomach.” By
evaluating emotions in different contexts, the AEQ-M captures the assumption that
academic emotions are context-dependent and vary based on whether the student is in
class, learning independently, or preparing for an exam.

In addition to context specificity, the AEQ-M uses a multicomponent structure
for each emotion in accordance with the theory’s view that emotions involve
affective, cognitive, motivational, and physiological/expressive dimensions. For
instance, anxiety items might assess worry (cognitive), urge to escape (motivational),
tension (affective), and somatic symptoms (physiological). This design allows
researchers to capture the complex nature of students' emotional experiences in
mathematics.
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About construct validity, validation studies conducted with middle- and high-
school students (Study 1: N = 781; Study 2: N = 699) showed that the AEQ-M's seven
emotions are statistically distinguishable across contexts. The pattern of correlations
observed between emotions and control-value appraisals followed theoretical
predictions. Confirmatory factor analyses supported the model structure, with a seven-
emotion by three-context model showing excellent fit indices (CFI = .978, RMSEA =
.057), which were superior to simpler models. Internal consistency was also high
across all scales (Cronbach’s alpha ranging from .84 to .96), confirming the reliability
of the questionnaire.

Furthermore, studies confirmed that control and value appraisals are significant
predictors of emotional responses. Students with high perceived control and value
were more likely to report positive emotions such as enjoyment and pride, while those
with low control and value were more likely to experience emotions like anxiety and
hopelessness. These emotional states, in turn, have shown strong associations with
motivational variables such as interest, goal orientation, learning strategies, and
mathematics performance.

In summary, the AEQ-M is a well-established, theory-based instrument for
measuring students' emotional experiences in mathematics. It is directly aligned with
control-value theory, covers seven distinct emotions across three educational contexts,
and employs a multidimensional structure that reflects the complexity of emotional
experience. Its psychometric validation supports both its reliability and its theoretical
integrity.

In the current study, a translated version of the AEQ-M was used. Based on the
original version, this translation preserved the context-specific structure and
multicomponent format of the items, ensuring theoretical alignment and
comparability. As such, the instrument offers a valid and reliable means to examine
the emotional side of mathematics learning and its connection to motivation and
achievement.

2.2 Structure and Content Validity of the AEQ-M
The AEQ-M covers a range of emotions relevant to mathematics, including
enjoyment, pride, anger, hopelessness, and boredom. These categories represent both
positive and negative emotions, as well as activating and deactivating emotions,
providing a comprehensive picture of students’ affective experiences.
Each set of items was carefully developed and validated to reflect the specific
characteristics of these emotions. For example:
. Enjoyment items assess students’ positive feelings during math learning, such
as enthusiasm and fun.
« Pride items target students’ satisfaction with their performance and sense of
accomplishment.
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« Anger items focus on frustration and irritation experienced during math tasks.

« Hopelessness items reflect feelings of resignation and perceived inability to

succeed.

. Boredom items capture disengagement and lack of interest.

The questionnaire was subjected to extensive psychometric evaluation, including
factor analysis, to ensure that each item loads appropriately onto the intended factor
(Schukajlow et al., 2023). The high internal consistency reported in the validation
studies supports the reliability of these scales.

2.3 Questions’ validity

The translated items in the current study preserve the essential structure and
wording of the original AEQ-M items. This alignment ensures that the questions
validly measure the emotional constructs they are intended to capture. Since the AEQ-
M was developed through rigorous empirical testing, including exploratory and
confirmatory factor analyses, the translated version inherits this robustness, provided
that the translation was done carefully and contextually adapted (Schukajlow et al.,
2023).

Moreover, each question reflects specific components of emotional experience:
affective, cognitive, motivational, and physiological. For instance, items addressing
hopelessness not only tap into emotional states but also capture related cognitions
(e.g., thoughts of failure) and motivational consequences (e.g., giving up). This
multidimensionality ensures that the questionnaire captures the complexity of
students’ emotional responses.

2.4 Practical Significance and Applications

By measuring these emotions, educators and researchers can identify patterns that
influence students’ motivation and academic outcomes. For example, high levels of
boredom and hopelessness may signal the need for interventions aimed at increasing
engagement or modifying instructional practices. Similarly, recognizing students who
experience pride and enjoyment can help reinforce positive learning strategies and
environments.

The AEQ-M and its adaptations provide valuable tools for both research and
practice, enabling targeted support that goes beyond cognitive assessments to address
the emotional dimensions of learning.

Prior to the development of the AEQ-M, most instruments measuring emotions in
academic contexts were either too general or lacked focus on specific subjects like
mathematics. The AEQ-M filled this gap by offering a domain-specific tool with clear
theoretical grounding. Its validation across different age groups and cultural contexts
further supports its generalizability and utility (Pekrun & Perry, 2014).

Limitations and Considerations
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While the AEQ-M is a well-established tool, certain limitations must be
considered in translation and adaptation. Cultural differences may influence how
students interpret certain items or express emotions. Therefore, it is important that any
translated version, such as the one used in the current study, undergo additional
validation in the target population to ensure that the items function as intended
(Schukajlow et al., 2023).

2.5 Organization of the survey

The survey was conducted in an offline format in a middle school setting and
targeted 49 students in grades 7, 9, and 10. The aim was to explore factors
contributing to demotivation in mathematics lessons. The data collection took place
during regular school hours, with the permission of school administration. Students
were gathered in their respective classrooms, and the survey was administered in a
quiet environment to ensure focus and minimize distractions.

Participation was voluntary and anonymous.2 students from 10" grades did not want
to participate in the survey and 3 students from 7K could not be included in the survey
due to health issues. Before the survey began, students were informed about the
purpose of the study and assured that their responses would remain confidential. They
were encouraged to answer honestly, as there were no right or wrong answers, and
their input would help improve teaching strategies and learning conditions.

The questionnaire consisted of 89 Likert-scale questions, where students rated
statements on a scale from 1 (strongly disagree) to 5 (strongly agree). The survey
measured various factors influencing motivation, including enjoyment, pride, anger,
hopelessness, boredom, and attitudes toward the future importance of mathematics.
The distribution of questions was as follows:

« Questions 1-28 focused on enjoyment;

« Questions 29-34 on pride;

« Questions 35-59 on anger;

« Questions 60—67 on hopelessness;

« Questions 68-88 on boredom;

o Question 89 asked about students’ beliefs regarding the future importance of

mathematics in their lives.

The questions themselves can be found in the Appendix 1 section.

Each class completed the survey within approximately 30 to 40 minutes. After
data collection, responses were reviewed, and missing values marked as "null" were
later filled using the mean value for that question within the respective class. This
ensured that the dataset was complete for subsequent statistical analyses, including
correlation analysis and factor analysis.

A further element of the survey organization involved a small experimental
intervention: the 7K class used Desmos technology as part of their mathematics
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lessons, while the 7L class continued with traditional instruction. This allowed for a
comparative analysis of the impact of dynamic technology on student motivation.

2.6 Reliability Analysis (Cronbach's Alpha)

The internal consistency of the questionnaire was assessed using Cronbach’s
alpha for each of the five factors identified in the study: Enjoyment, Pride, Anger,
Hopelessness, and Boredom. The results indicate excellent reliability across all scales
(see Table 1). Specifically, the Enjoyment scale demonstrated a Cronbach’s alpha of
.95, suggesting that the items measuring enjoyment are highly consistent with each
other. Similarly, the Pride scale had a Cronbach’s alpha of .87, which is considered
very good. The Anger (.97), Hopelessness (.96), and Boredom (.97) scales also
exhibited excellent internal consistency. These results support the validity of the
questionnaire in measuring the intended motivational constructs in the context of
mathematics education (Nunnally & Bernstein, 1994).

Table 2.6.1 Cronbach’s Alpha Values for Each Factor

Factor Cronbach's Alpha
Enjoyment 0.95
Pride 0.87
Anger 0.97
Hopelessness 0.96
Boredom 0.97

2.7 Correlational Analysis

Pearson correlation coefficients were computed to examine the relationship
between students’ average scores for each motivational factor and their response to
the item measuring perceived importance of mathematics in the near future (Q89).
The results revealed significant correlations across all factors (see Table 2).

A moderate negative correlation was found between Enjoyment and perceived
importance of mathematics (r = -.47, p < .001), suggesting that students who reported
greater enjoyment were more likely to view mathematics as important. Similarly,
Pride was negatively correlated with perceived importance (r = -.43, p < .01).
Conversely, positive correlations were observed for Anger (r = .45, p < .001),
Hopelessness (r = .55, p < .001), and Boredom (r = .51, p < .001), indicating that
students experiencing these negative emotions tended to associate mathematics with
higher importance, perhaps reflecting external pressures or perceived necessity.
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The high internal consistency observed across all scales aligns with previous
findings in educational psychology, where emotional responses to mathematics have
been shown to be multidimensional yet internally cohesive (Pekrun et al., 2002). The
Enjoyment scale’s alpha of .95 suggests that students’ positive emotional experiences
in mathematics (e.g., fun, enthusiasm) are measured with high precision. Similarly,
the Anger, Hopelessness, and Boredom scales, with alphas above .95, reflect robust
measurement of negative affective responses.

Table 2.7.1 Pearson Correlations Between Motivational Factors and Perceived
Importance of Mathematics

Factor r p-value
Enjoyment -0.47 .0004
Pride -0.43 .0018
Anger 0.45 .0008
Hopelessness 0.55 .00003
Boredom 0.51 .0001

Interestingly, the Pride scale, while slightly lower at .87, still demonstrates
strong reliability. This could suggest that pride is a somewhat more complex emotion,
potentially influenced by both intrinsic factors (e.g., mastery) and extrinsic validation
(e.g., recognition from teachers or parents).

The correlational findings present a nuanced view of how emotional factors
relate to perceived importance of mathematics. The negative correlation between
Enjoyment and perceived importance may seem counterintuitive at first glance.
However, it could reflect that students who find genuine enjoyment in mathematics do
not base their sense of its value on external utility but rather on intrinsic satisfaction.
In contrast, students reporting high levels of Anger, Hopelessness, or Boredom may
feel that mathematics is important because of external demands, societal expectations,
or a sense of obligation, rather than personal interest or enjoyment (Eccles &
Wigfield, 2002).
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Correlation Between Emotional-Motivational Factors

The correlation matrix between the five major emotional-motivational factors
(Enjoyment, Pride, Anger, Hopelessness, and Boredom) revealed several noteworthy
patterns that are consistent with the control-value theory of achievement emotions
(Pekrun, 2006). These results highlight how students’ emotional experiences in
mathematics are interconnected, with positive emotions tending to align and negative
emotions forming clusters.

Correlation Matrix

Table 2.7.2 Pearson correlation coefficients between emotional-motivational factors

Factor Enjoyment | Pride | Anger | Hopelessness | Boredom
Enjoyment 1.00 0.81 |-0.68 |-0.68 -0.69
Pride 0.81 1.00 |-0.54 |-0.59 -0.54
Anger -0.68 -0.54 | 1.00 0.87 0.84
Hopelessness | -0.68 -0.59 |0.87 1.00 0.84
Boredom -0.69 -0.54 10.84 0.84 1.00

A particularly strong positive linear relationship was observed between
Enjoyment and Pride (r = .81). This finding suggests that students who report higher
levels of enjoyment during mathematics lessons are also likely to experience a greater
sense of pride in their achievements. Both enjoyment and pride are associated with
perceptions of high control and positive value attributed to mathematics tasks. This
result aligns with prior studies demonstrating that positive emotions co-occur when
students feel competent and see the subject matter as meaningful or personally
relevant (Pekrun & Perry, 2014).

Similarly, strong positive correlations were found among the negative emotional
factors:

« Anger and Hopelessness (r = .87)

« Anger and Boredom (r = .84)

« Hopelessness and Boredom (r = .84)

These strong positive linear relationships indicate that students who experience
one form of negative emotion (e.g., anger) are highly likely to report other negative
emotions (e.g., hopelessness and boredom). This clustering of negative emotions
suggests that interventions designed to address a single negative emotion could
potentially have broader effects, reducing multiple negative emotional states
simultaneously.
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In contrast, Enjoyment demonstrated strong negative linear relationships with all
three negative emotions:

« Anger (r =-.68)

« Hopelessness (r = —.68)

. Boredom (r =—-.69)

These negative correlations indicate that as students’ enjoyment of mathematics
increases, their experiences of anger, hopelessness, and boredom tend to decrease.
While these are not inverse proportional relationships in a strict mathematical sense,
they reflect a consistent trend where higher positive emotional engagement is
associated with lower levels of negative affect. Similarly, Pride showed moderate
negative linear relationships with negative emotional factors:

« Anger (r=-.54)

. Hopelessness (r = -.59)

. Boredom (r =—-.54)

This suggests that pride in one’s mathematics performance may act as a buffer
against negative emotional states, although the relationships are slightly weaker than
those observed for enjoyment.

It is important to note that correlation coefficients should be interpreted as
indicators of the degree and direction of linear association rather than evidence of
direct causality or proportional dependency. In scientific writing, it would not be
accurate to describe these relationships as directly proportional or inversely
proportional. Instead, terms such as strong positive linear relationship or strong
negative linear relationship are more appropriate and scientifically accurate.

2.8 Educational Implications

The identified relationships between emotional factors highlight the importance of
addressing the emotional climate in mathematics classrooms. Strategies aimed at
enhancing enjoyment—such as incorporating engaging activities, offering meaningful
feedback, and providing opportunities for student autonomy—may not only increase
positive emotional experiences but also help reduce negative emotions. Similarly,
efforts to reduce boredom (e.g., through differentiated instruction or real-world
applications of mathematics) may simultaneously decrease anger and hopelessness,
leading to more adaptive motivational profiles.

Overall, the correlation matrix offers valuable insights into the dynamics of
students' emotional experiences in mathematics. These findings provide empirical
support for the theoretical assumptions of the control-value theory and underscore the
need for educational practices that nurture positive emotions while mitigating
negative ones.

These results have important implications for mathematics education. Teachers
should be aware that high perceived importance of mathematics does not necessarily
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indicate positive motivation. As the data suggest, students who feel bored, hopeless,
or angry may still regard mathematics as important, but their engagement is likely
driven by external pressures rather than intrinsic motivation. Therefore, fostering
positive emotions in the classroom — such as enjoyment and pride — is crucial for
supporting authentic, self-determined motivation (Ryan & Deci, 2000).

Practical strategies could include designing lessons that are both challenging and
accessible, providing timely and supportive feedback, and creating opportunities for
students to experience mastery and success. Additionally, incorporating collaborative
activities and real-world applications may help reduce feelings of boredom and
hopelessness.

2.9 Limitations

While the findings of this study provide valuable insights, certain limitations
should be acknowledged. First, the cross-sectional nature of the data prevents causal
interpretations. The observed correlations do not indicate whether emotions influence
perceived importance of mathematics or vice versa. Longitudinal studies are needed
to explore these dynamics over time.

Second, the reliance on self-report measures may introduce bias, as students
may respond in socially desirable ways or misinterpret items. Although the high
internal consistency supports the reliability of the scales, future research could
incorporate observational data or teacher reports to triangulate findings.

Finally, the study was conducted within a specific cultural and educational
context (Kazakhstan), which may limit the generalizability of results to other settings.
Cultural values and educational practices could influence both the experience and
expression of emotions related to mathematics.

2.10 Instructional Content Delivered via Desmos

During the intervention phase, class 7L received instruction on linear functions
through the use of the Desmos online graphing calculator. The lessons were aligned
with specific curriculum objectives, including:

« Constructing the graph of a linear function in the form y = kx and predicting its
position based on the value of k, including with the use of software tools
(Objective 7.5.1.8);

« Constructing the graph of a linear function in the form y = kx + b and
predicting its position based on the values of k and b (Objective 7.5.1.9);

« Finding the intersection points of a linear function graph with the coordinate
axes without actual graph construction (Objective 7.5.1.10);
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Identifying the values and signs of coefficients k and b based on the graph of
the linear function (Objective 7.5.1.13).

Students described and justified the mutual placement of graphs of linear
functions depending on the values of coefficients k and b in functions of the
form y = kx + b (Objective 7.5.1.11). They also formulated linear functions
whose graphs were either parallel or intersecting relative to a given function’s
graph (Objective 7.5.1.12).

Learners practiced solving systems of two linear equations using graphical
methods, thereby strengthening their visual and analytical understanding of
intersection points and solution strategies (Objective 7.2.2.7).

Students analyzed and graphed a variety of nonlinear functions, including y =
ax?, y = ax3, y = k/x, and y = |x|. They examined how the parameters a and k
affected the shape and position of graphs and identified their properties
(Objectives 7.5.1.14, 7.5.1.15, 7.5.1.16, 7.5.1.6).
The interactive manipulation in Desmos facilitated an intuitive grasp of
symmetry, vertex behavior, and asymptotic tendencies.

Finally, students were introduced to graphing functions that represent real-
world data. They investigated trends using both continuous graphs and
tabulated numerical values (Objectives 7.5.1.4, 7.5.1.6), which helped
contextualize mathematical concepts in everyday scenarios such as motion and
temperature change.

Table 2.10.1 Curriculum of 7L during the experiment period

4 YeTBepTh
7.4A — @yaKnug. I'paguk pyHKOHA. (17 9acos)

131 DyHKIHL 7.5.1.1 pemIaTs 3a0a4YH ¢ HCIOIB30BAHHEM Pa3IHIHEIX CIOCO00E 3a-
Tpate IaHES (YHKIHEE;
YKL

7.5.1.3 pacnosHaBaTh QYHKIHOHATEHYIO H He VHKIHOHATBHYIO 32~
BHCHMOCTH, 1

7.5.1.2 HaxoouTb 00IACTD OIpeeTeHHT H MHOKECTBO 3HAUSHHA
(VHKIHH,
132-136 Juneiigag dyek- | 7.5.1.8 ctponTs rpadux ¢yEKIEE Y = KX H IPOrHOZHPOBATH eI0 pac-

U | 28 rpaﬂ)m{ MO0 eHHe B 3ABHCHMOCTH OT k B TOM 4HHCIIE C HCIIOIB30BAHHEM
NIporpaMMHOTC OG'ECI'[B‘-IBHH.H;

&)

BATE €I0 PACIIONOKEHHE B 3AEHCHMOCTH 0T 3HaueHHA k 1 b;

7.5.1.7 cobHpaTh HHGOPMAITHIO H AHATH3HPOBEATH ee ¢ IOMOIIbI0
rpa¢HKoE (rpadHKa SERAeHH HiIH rpadHKa H3MeHeHHS TEMIepa- 1
TYPED);

¢ 0CAMH K0OpAHHAT (0e3 nocTpoeHnd rpaduka);

3]

7.5.1.13 maxoguTe mo rpadHKy QyEKIEH Y = kx + b, sHakH 1 3HaTe-
HEY Ko3(dunmeHToB k 1 b;
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137-139 B3aumMHoe pac- 7.5.1.11 onHCHIBATE H 0OOCHOBEIBATE B 3aBHCHMOCTH OT 3HaUeHHH k
TIONOKeHHE Tpa- | H b B3aHMHOe paclofIokeHHe rpadHKOB JHHSHHRD QVHKIHI BHAA ¥

thuKoE =kx+b; 3
TEBERERE dyHE-
LT 7.5.1.12 3apasate quHeHHYIO0 OyHKIHO, rpadHK KQTIQPOH Mapame-
aeH rpadHKY JaHHoH dVHKITHE HIH DepecekaeT ero;
140-141 Pemenne cucTeM | 7.2.2.7 pelllaTh CHCTeMEI YpaBHeHHH rpadHUecKHM CIOCODOM;
FRERHHRR YPas-
HeHHI ¢ IByMA 7
HEH3BeCTHBIMH
rpadugecKm
MeTOJOM
142-145 DYHKIHHE BHAOE | 7.5.1.15 omnpedensTsh B 3aBHCHMOCTH OT g paclolokeHHe rpadHKoBE
y=ax?y= dyarmEi y = ax?, ¥y = ax® | cTpoHTh HX;
ax?y= Lt (k =
0,y =| x"i 7.5.1.16 onpenendTs B 3aBHCHMOCTH OT £ pacIolokeHHe rpaduka

GbyHKINH y = ; (k # 0) 1 cTpOHTS ero rpaduk;

7.5.1.14 ompenensts cBOHCTEA YHKIMHA BHI0B y = ax?,y =
ax?®,y = E (k =+ 0);

7.5.1.6 cTpouTk rpaduK OVHEIEH v = |x|;

146 TUTeHHe H HHTep- | 7.5.1.4 Heclezosath rpadHKH QVHKIHE, ONHCHBAIOITHX peaTbHble
mpetanug rpadE- | mponecch,

KOB peanbHBIX 1
IIpoueccos 7.5.1.5 cTpoHTE rpan:])m{}{ C MOMOIIBIO TADIHYHEIX JAHHBIX PeABHEIX
MPOLIECCOB;

By leveraging Desmos for these varied objectives, students engaged with both
algebraic and applied mathematics in a visually dynamic and interactive format. This
supported the development of conceptual understanding and promoted a deeper
appreciation for the utility of mathematics beyond the classroom.

Additionally, students engaged with graphical representations of real-life data
(e.g., movement or temperature graphs) to collect and interpret information (Objective
7.5.1.7). The dynamic and interactive features of Desmos facilitated exploration and
manipulation of parameters k and b, allowing students to visually understand the
effects of changes on the graph's shape and position. This visual and exploratory
approach aimed to deepen conceptual understanding and support student engagement
with abstract algebraic concepts. Overall,16 lessons were dedicated to using Desmos
in a span of 3 weeks. 7K was using the traditional teaching method such as drawing
graphs by hand and was limited in using technology overall.
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3. RESULTS

3.1 Comparative Analysis of Motivation: Grade 9 vs. Grade 10

A detailed comparison of the motivational and emotional profiles of Grade 9
and Grade 10 students reveals important distinctions that provide insight into how
motivation in mathematics may evolve across educational stages. The data
demonstrate that Grade 9 students consistently report higher levels of positive
emotions and lower levels of negative emotions in relation to mathematics learning
compared to their Grade 10 counterparts.

Specifically, the average enjoyment score for Grade 9 was 3.93, notably higher
than the 3.69 reported by Grade 10 students. This suggests that Grade 9 students
generally experience greater satisfaction and engagement during mathematics lessons.
Enjoyment is a critical emotional factor as it has been linked to sustained interest,
persistence in problem solving, and a greater likelihood of adopting adaptive learning
strategies (Pekrun, 2006). Similarly, Grade 9 students reported higher levels of pride
(3.75) relative to Grade 10 students (3.43). Pride in mathematical achievements
reflects students’ recognition of their competence and can reinforce positive academic
behaviors, including persistence in the face of challenges.

In contrast, Grade 10 students exhibited higher mean levels of negative
emotional experiences. Their anger score averaged 2.24 compared to 2.01 in Grade 9,
suggesting that frustration or irritation during mathematics learning is more prevalent
among older students. This could be due to increased academic demands, higher
stakes associated with assessments, or perceived difficulty of the material at the Grade
10 level. Similarly, hopelessness was reported at a higher level in Grade 10 (2.68)
versus Grade 9 (2.15). Feelings of hopelessness are particularly concerning as they
may signal that students believe they have little control over their success in
mathematics, a belief that undermines motivation and effort. The boredom score
further highlights this trend: Grade 10 students reported greater boredom (2.44)
compared to their Grade 9 peers (2.13). Boredom in the classroom is associated with
disengagement, reduced effort, and lower academic achievement (Pekrun & Perry,
2014).

These differences may reflect a combination of developmental, curricular, and
contextual factors. For example, the transition from middle to upper secondary
education often introduces more complex content, a faster instructional pace, and
heightened pressure related to examinations and future academic pathways. Such
changes can contribute to increased stress and reduced positive engagement if not
accompanied by appropriate support systems. It is also possible that students’
motivational profiles shift as their interests and priorities evolve during adolescence.

The results highlight the importance of targeted interventions at the Grade 10
level aimed at sustaining students’ enjoyment and pride in mathematics while
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addressing sources of negative emotions. Strategies might include differentiated
instruction, the integration of technology to increase engagement, and the provision of
emotional and academic support to help students navigate the increasing demands of
the curriculum. Further research could explore the specific classroom or school-level
factors that contribute to these emotional differences between grades, as well as the
role of teacher-student relationships, peer dynamics, and assessment practices in
shaping motivation.

3.2 Analysis of Motivation: Grade 7 (Combined) vs. Grade 10

A comparative analysis between the combined Grade 7 classes (7K and 7L) and
Grade 10 reveals important trends in the emotional and motivational experiences of
students at different educational stages. These findings provide insight into how
motivation and related emotional states may evolve as students progress through
school and face increasing academic demands.

Positive Emotional Factors

One of the most striking outcomes of this comparison is that Grade 10 students
report slightly higher levels of enjoyment (mean = 3.69) compared to the combined
Grade 7 group (mean = 3.48). This suggests that despite the increased difficulty and
complexity of mathematics at higher grade levels, many Grade 10 students continue
to find satisfaction and positive engagement in learning the subject. This may be
attributed to a more developed sense of competence, an appreciation of the relevance
of mathematics to future academic and career goals, or instructional practices that
succeed in capturing student interest at this level.

Similarly, pride scores were marginally higher in Grade 10 (mean = 3.43)
compared to Grade 7 (mean = 3.39). This could reflect the greater emphasis on
individual achievement and mastery at higher educational stages. Older students may
feel a deeper sense of accomplishment from overcoming more challenging material,
contributing to their sense of pride.

Negative Emotional Factors

In contrast to these modest differences in positive emotions, a more pronounced
divergence emerges in negative emotional experiences. The mean level of
hopelessness reported by Grade 10 students (2.68) was significantly higher than that
of Grade 7 students (2.31). This suggests that as students advance in grade level, some
may begin to feel overwhelmed by the increasing complexity of mathematical tasks or
the heightened pressure associated with assessments and future academic
expectations. Hopelessness is particularly concerning because it reflects a belief that
effort will not lead to success, which undermines motivation and persistence (Pekrun,
2006).
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Anger levels were relatively close across groups, with Grade 10 students
reporting a mean of 2.24 and Grade 7 students a slightly lower mean of 2.18. This
small difference suggests that frustration with mathematics is present across both age
groups, albeit slightly more pronounced in Grade 10, possibly due to the more
demanding nature of the curriculum. Interestingly, boredom scores were nearly
identical between the groups (2.44 in Grade 10 vs. 2.49 in Grade 7). This indicates
that disengagement through lack of interest is a common challenge at both levels,
underscoring the need for engaging instructional strategies at all stages of
mathematics education.

Interpretation and Educational Implications

These findings highlight a complex emotional landscape in mathematics
learning that evolves with educational progression. While Grade 10 students appear to
sustain or even slightly increase their positive emotional engagement compared to
younger peers, this is counterbalanced by a notable rise in feelings of hopelessness.
This juxtaposition suggests that while older students may value their
accomplishments and take pride in their work, they may simultaneously feel burdened
by the increased demands and pressures of their academic environment.

Several factors may contribute to this emotional profile. The transition to
higher grades often entails more abstract and demanding mathematical content,
greater emphasis on standardized testing, and an increased focus on academic
outcomes tied to future educational and career pathways. These factors can heighten
students' stress levels and contribute to emotional fatigue, even as they continue to
experience moments of enjoyment and pride in their learning.

For educators and school leaders, these results point to the importance of
supporting students not only cognitively but also emotionally, particularly as they
progress to higher grade levels. Strategies might include:

. Differentiated instruction that balances challenge with support, ensuring tasks
are neither too easy nor overwhelming. A big topic in education,not only in
mathematics.

« Opportunities for collaborative learning to reduce isolation and provide
emotional and academic scaffolding. Also helps with boredom.

. Integration of real-world applications and technology to sustain engagement
and reduce boredom. Gives them a good reason to learn.

. Emotional literacy and resilience programs that help students develop
coping strategies for managing stress and negative emotions associated with
learning challenges.

Additionally, interventions could focus on helping students reframe their
perceptions of difficulty and failure. For example, promoting a growth mindset can
encourage students to see challenges as opportunities for learning rather than as
threats to self-worth (Dweck, 2006).
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3.3 Analysis of Motivation Levels in 7K and 7L Classes

This section presents an analysis of motivation levels among two seventh-grade
classes—7K and 7L—based on student responses to an 88-item Likert-scale
questionnaire. The survey was designed to measure multiple emotional and cognitive
dimensions of motivation in mathematics, using a five-point scale (1 = strongly
disagree to 5 = strongly agree). Each student completed both a pretest and a posttest
to evaluate changes in motivation over the course of instruction.

Descriptive Statistics

Table 3.3.1 Average student motivation scores for 7K and 7L across pretest and
posttest phases.

Class | Pretest Mean Score Posttest Mean Score Percent Change

7K 2.66 2.78 +4.5%

7L 2.92 3.08 +5.6%

Findings and Interpretation

The analysis shows that both 7K and 7L classes experienced an increase in
motivation levels between the pretest and posttest administrations. The 7K class
exhibited a modest improvement of 4.5%, while the 7L class demonstrated a slightly
larger gain of 5.6%. Importantly, both classes improved, suggesting that instructional
methods and the passage of time contributed to enhanced student attitudes toward
mathematics.

However, the 7L class received instruction with the integration of Desmos, a
dynamic graphing and visualization tool, during the posttest instructional period. The
slightly greater increase in 7L’s motivation scores may be associated with the
enhanced interactivity and engagement fostered using technology. Students in 7L
were observed to participate more actively during lessons, and their posttest responses
reflect a generally more positive orientation toward mathematical tasks.

While the differences in improvement percentages are not dramatic, they
provide preliminary evidence that technology-supported instruction may support
increased motivation, especially when tools are aligned with curriculum goals and
student interests. The fact that 7L began with higher baseline motivation scores and
still managed to improve further suggests that Desmos may have played a supportive
role in sustaining engagement.
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Educational Implications

These findings underline the importance of considering digital tools in
mathematics instruction, particularly for younger students. Incorporating interactive
platforms such as Desmos can support not only comprehension but also students’
emotional responses toward the subject. While further research is needed to draw firm
conclusions, the current data support the idea that thoughtful integration of technology
may contribute to more motivated and engaged learners.
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CONCLUSION

This research explored the underlying reasons behind demotivation in
mathematics among middle school students, with a particular focus on psychological,
social, and pedagogical factors. Through a combination of literature review and
quantitative data analysis based on survey results, the study aimed to uncover which
elements most significantly impact student motivation, and how technological
interventions such as Desmos might support engagement and academic performance.

The results indicate that psychological barriers—particularly math anxiety and
low self-efficacy—remain critical impediments to student motivation. These findings
are consistent with prior research highlighting the role of emotions and belief systems
in shaping attitudes toward mathematics. Moreover, social factors such as peer
relationships and teacher-student dynamics were found to influence engagement
levels, especially during the transitional middle school yeatrs.

A comparative analysis of two seventh-grade classes, one of which used
Desmos for studying functions, revealed a noticeable increase in motivation and post-
test scores in the class that benefited from the digital tool. This suggests that
interactive, student-centered technology can enhance motivation, especially when
aligned with well-structured pedagogical practices. The 7L class, which received
instruction via Desmos, demonstrated both improved enthusiasm during lessons and a
higher increase in post-test survey scores compared to the 7K class.

These findings carry important implications for educators, curriculum
developers, and policymakers. Integrating digital tools into mathematics education
can serve as a meaningful strategy to counteract demotivation, particularly when
combined with an understanding of the emotional and social context of learning.
Additionally, the research underscores the importance of assessing student motivation
not only as an outcome but as a dynamic factor that evolves with teaching approaches
and classroom environments.

Future studies may benefit from longitudinal designs and larger sample sizes to
further validate the relationship between technological interventions and student
motivation. However, the current research offers actionable insights that can inform
immediate classroom practice, including the value of differentiated instruction,
emotional support, and the integration of engaging technologies such as Desmos.

This research internship has provided a comprehensive exploration into the
complex factors contributing to middle school students’ demotivation in mathematics,
and offered a practical examination of how technology-enhanced instruction can serve
as an effective response. From planning and conducting the experiment to analyzing
pre- and post-test results, the project allowed for a multifaceted investigation into
students’ psychological, social, and instructional experiences. One of the key
takeaways is that motivation in mathematics is not merely a cognitive issue, but a
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deeply emotional and contextual one—shaped by anxiety, confidence, relationships,
and the methods used in instruction.

Throughout the internship, the implementation of Desmos as a digital learning
tool stood out as a transformative teaching strategy. Unlike traditional methods,
Desmos enabled students to engage visually and interactively with mathematical
concepts, particularly functions and graphs. The 7L class's improved motivation
levels and test scores compared to the 7K class illustrate how even short-term
integration of meaningful technology can enhance classroom dynamics and learning
outcomes. These results echo broader findings from the literature, reinforcing that
student-centered digital tools—when supported by effective teaching—can increase
both understanding and enjoyment of math.

The structured diary of the internship further reflected the systematic planning
and progressive integration of digital methods, beginning with diagnostic pre-
assessments, followed by targeted lessons using Desmos and GeoGebra, and ending
with post-assessment and reflection. This process not only improved student
outcomes but also contributed to professional growth by deepening the researcher’s
understanding of evidence-based pedagogical practices. It became clear that
technology should not be an add-on, but rather an integrated component of a
responsive and inclusive learning environment.

Importantly, this study also demonstrated the role of teachers in recognizing
and responding to emotional cues such as disengagement or anxiety. By aligning
instructional methods with students’ developmental and psychological needs, and by
creating lessons that foster agency, curiosity, and collaboration, educators can better
support sustainable engagement in mathematics. As schools and policymakers
continue to emphasize digital transformation in education, findings from this
internship provide timely, actionable insights.

Going forward, this research can serve as a foundation for continued innovation
in mathematics teaching—where differentiated instruction, emotional support, and
engaging tools like Desmos and GeoGebra are not exceptions, but essential features
of the modern classroom. In conclusion, the research reaffirms that when students feel
supported, challenged appropriately, and allowed to explore concepts actively, their
motivation and achievement can flourish—a goal that should be at the center of all
educational efforts in mathematics.
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APPENDIX

Appendix 1. Questionnaire

1. 51 c HeTepmeHHEM K1y YPOK MaTeMaTHKH

Ouenute no mxane: 1 — CoepiienHo He cornaceH | 2 — Ckopee He
corimaceH | 3 — Heiitpansno | 4 — Ckopee cornaceH | 5 —
TonHocTBIO COrnaceH

2. MHe HPaBUTCSl YPOK MaTeMaTHKH

1 — CosepienHo He cornaceH | 2 — Ckopee He coriaceH | 3 —
Heiitpanbho | 4 — Ckopee corinacet | 5 — [ToaIHOCTBIO corlaceH

3. MarepuaJ, KOTOpPBIii Mbl H3y4aeM Ha ypoKax
MaTeMATHKHM, TaK 3axXBaTbiBaeT, 4YTO
JeliCTBUTEILHO HACJIAXKAAKCH YPOKOM

1 — CosepiieHHo He cornaceH | 2 — Ckopee He coriaceH | 3 —
Hetitpanbsho | 4 — Ckopee cornacet | 5 — [TosHOCTBIO coraceH

4. MHe TaK HpPaBUTCH YPOK, 4YTO $i CHJILHO
MOTHBHPOBAH y4acTBOBATh

1 — CosepuieHHo He coriaceH | 2 — Ckopee He coriaceH | 3 —
Heiitpanbro | 4 — Ckopee cornacet | 5 — IToIHOCTBIO COTrTaceH

5.  MHe Beces1o Ha ypOKe MaTeMaTHKHU

1 — CosepiieHHo He cornaceH | 2 — Ckopee He coriaceH | 3 —
Heititpansho | 4 — Ckopee cornacet | 5 — [TosHOCTBIO cortaceH

6. S c HerepmeHHeM K1Y HOBBIX 3HAHMH Ha
YPOKe MaTeMaTUKH

1 — Cosepuienno He coriaceH | 2 — Ckopee He coriaceH | 3 —
Heiitpanbho | 4 — Ckopee cornacet | 5 — IToIHOCTBIO coTaceH

7. SI pan\-a, YTO MOHST MaTepHAa

1 — CosepiienHo He cornaceH | 2 — Ckopee He coriaceH | 3 —
Heiitpansho | 4 — Ckopee cornacet | 5 — [lonHocThIO cornaceH

8. A wmor\-1a 6Bl caymarb, YacamMH €
BOOJYILIEBJIeHHEM TeMbl PO MATEMATUKY

1 — CosepiienHo He cornaceH | 2 — Ckopee He corjaceH | 3 —
Heiitpansho | 4 — Ckopee cornacet | 5 — [lonHocThIO cornacex

9. Ha ypoke MaTeMaTHKH Y MeHsI CTYYHT Cepile
OT PagoCTH

1 — CosepuienHo He coriaceH | 2 — Ckopee He cornace | 3 —
Heiitpanbho | 4 — Ckopee cornaces | 5 — ITolHOCTBIO COTIaCeH

10. S ¢ pagocTbI0 yabI0alOCh CBOEMY YUHTENI0 Ha
YPOKe MaTeMaTHKH

1 — Cosepiienno He cornaceH | 2 — Ckopee He corjace | 3 —
Heiitpansho | 4 — Ckopee cornacet | 5 — [lonHocThIO cornacex

11. Korma s [aeda0 jJoMalliHee 3aJdaHHe IO
MaTeMaTHKe, Y MeHd X0pollee HACTPOeHue

1 — CosepiienHo He cornacen | 2 — Ckopee He coriaceH | 3 —
Heiitpanbho | 4 — Ckopee cornacet | 5 — IToaHOCTBIO corilaceH

12. SI pan\-a, 4TO MOHMUMAIO MaTEPHAJ

1 — Cosepiienso He cornaceH | 2 — Ckopee He corjace | 3 —
Heiitpanbho | 4 — Ckopee cornacet | 5 — IToaHOCTBIO corilaceH

13. MHe TaK HpaBUTCH [AeJATh JOMAIlIHee

3aJaHHue mo MaTeMaTHKe, 4qTO0 A
MOTHBHpOBaH\-a AeJaTb JAO0NMOJHHUTEJIbHbIC
3aJaHus

1 — CosepiueHHo He coriaceH | 2 — Ckopee He coryiaced | 3 —

Heiitpanbno | 4 — Ckopee cornacet | 5 — IToIHOCTBIO corlaceH

14. B MaremaTMke s ¢ HeTepIEHHUEM KAy
BBINOJTHEHHs] IOMANIHEro 3aaHus

1 — CosepiueHHo He coriaceH | 2 — Ckopee He coryiaced | 3 —
Heiitpanbno | 4 — Ckopee cornacet | 5 — IToIHOCTBIO COTIaceH

15. MHe HpaBUTCHl JOMallHee 3aJaHuUe 110
MaTeMaTHKe

1 — CosepiienHo He cornaceH | 2 — Ckopee He coriaceH | 3 —
Heiitpansho | 4 — Ckopee cornacet | 5 — [TosHOCTBIO cornacex

16. 51 pan\-a, 4TO 3aaHUs TAKHE HHTEPECHbIE

1 — CosepuienHo He coriaceH | 2 — Ckopee He cornaceH | 3 —
HeiitpansHo | 4 — Ckopee cornaces | 5 — IToiHOCTBIO cOTIIaceH

17. S pan\-a, uTo [OMalIHee 3aJaHUe IO
MaTeMaTHKe He BBI3BAJI0O Y MeHS HHKAKHX
npoodaem

1 — CosepiienHo He cornaceH | 2 — Ckopee He corjaceH | 3 —
HeiitpansHo | 4 — Ckopee cornace | 5 — IToiHOCTBIO cOTIIaceH

18. IloroMy 4YTO MHe HPABHUTCA MaTeMaTHKa, s
3aHMMAaKOCh €10 00JIbIIe, YeM MHE HY/KHO

1 — CosepiienHo He cornaceH | 2 — Ckopee He coriaceH | 3 —
Heiitpanbho | 4 — Ckopee cornacet | 5 — [lonHocThIO cornacen

19. Koraa mo mareMaTHKe Bce TOJy4aeTcsi, Moe
cepane HAIOJIHAETC PaJ0CThIO

1 — CosepuienHo He coriaceH | 2 — Ckopee He cornace | 3 —
Heiitpanbho | 4 — Ckopee cornace | 5 — IToiHOCTBIO cOTIaceH

20. Korma nomaiiHee 3aJgaHHe IO MaTeMaTHKe
NMPOXOAUT XOPOIIO, 1 CUSIIO OT PAIOCTH

1 — Cosepiienno He cornacen | 2 — Ckopee He corjaceH | 3 —
Heiitpansho | 4 — Ckopee cornacet | 5 — [lonHocThIO cornaceH

21. Mmue HpPaBUTCS cAaBaTh TeCThI no
MaTeMaTHKe
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1 — Cosepiienno He cornaceH | 2 — Ckopee He coriaceH | 3 —
Heiitpansho | 4 — Ckopee cornacet | 5 — [ToHOCTBIO cornaceH

22. TlotoMy 4TO $I X04y NOJYYHTH XOPOLIYIO
OLIEHKY, 51 YCEPHO I'OTOBJIIOCH K TECTY

1 — CosepiienHo He cornaceH | 2 — Ckopee He coriaceH | 3 —
Heiitpanbho | 4 — Ckopee corinacet | 5 — [ToaHOCTBIO corlaceH

23. 51 nymalo, 4To BCce UAeT OTINYHO

1 — Cosepiienno He cornaceH | 2 — Ckopee He corjiace | 3 —
Heiitpansho | 4 — Ckopee cornacet | 5 — [ToHOCTBIO corniaceH

24. TecTbl IO MaTeMaTHKe — ITO TeCThl, KOTOPbIe
MHE 10 ayuie

1 — Cosepiuienno He cornaceH | 2 — Ckopee He corjiace | 3 —
Heiitpanbro | 4 — Ckopee cornacet | 5 — IToIHOCTBIO COTIaceH

25. 51 pan\-a, 4To MOry cpasy moka3atb, YTO s
BBIYYHI\[IOHSLIT

1 — CosepiieHHo He cornaceH | 2 — Ckopee He coriaceH | 3 —
Hetitpansho | 4 — Ckopee cornacet | 5 — [TosHocTbIO coraceHn

26. I ngymamw, YTO XOpOoWO cHpaBHics\-ach ¢
TECTOM 10 MaTeMaTHKe

1 — CosepuienHo He coriaceH | 2 — Ckopee He coriaceH | 3 —
Heiitpanbro | 4 — Ckopee cornacet | 5 — IToIHOCTBIO COTIaceH

27. Korpa s 3ameyalo, 4YTO Yy MeHsI Bce
MOJIy4aeTcsl, sl CTapaloch eile 6oib1Ie
1 — CosepuienHo He coriaceH | 2 — Ckopee He coryiaceH | 3 —

Heiitpansho | 4 — Ckopee cornaces | 5 — ITolHOCTBIO COTJIACeH

28. Korma TecT mo MaTeMaTHKe
XOpO1O, 1 YJILIOAICH OT PAIOCTH

NPOXOAUT

1 — CosepiienHo He cornaceH | 2 — Ckopee He coriaceH | 3 —
Heiitpanbsho | 4 — Ckopee cornacet | 5 — [lonHocThIO cornaceH

29. 51 nymaw, 4YTO MOIy TOPAUTBLCH CBOUMHM
3HAHUSIMM 110 MaTeMAaTHKe

1 — Cosepuienno He coriaceH | 2 — Ckopee He cornace | 3 —
HeiitpansHo | 4 — Cxopee cornaces | 5 — ITolHOCTBIO COTIIACEH

30. S ropikych CBOMMM BKJIQJaMH B YPOK
MaTeMaTHKH
1 — Cosepuienno He coriaceH | 2 — Ckopee He cornaceH | 3 —

Heiitpanbho | 4 — Ckopee cornaces | 5 — ITolHOCTBIO COTIacCeH

31. Tloc/jie BHINOJIHEHHUSI JOMAIIHET0 3aJaHUS MO
MaTeMaTHKe sl TOPXKych co00ii

1 — Cosepiienno He cornaceH | 2 — Ckopee He corjaceH | 3 —
Heiitpansho | 4 — Ckopee cornacet | 5 — [lonHoCThIO cornacex

32. 51 oyeHb MOTHMBHPOBaH\-a, IOTOMY YTO X0y
TOPAUTHLCS  CBOMMH  JOCTH:KeHHSIMH B
MaTeMaTHKe
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1 — Cosepienno He cornacen | 2 — Ckopee He corjace | 3 —
Heiitpanbno | 4 — Ckopee cornacet | 5 — IToIHOCTBIO COTIaceH

33. Ilocae TecTa mo MaTeMaTHKe sl FTOPAKYCh 00O

1 — CosepiienHo He cornacen | 2 — Ckopee He coriaceH | 3 —
Heiitpanbho | 4 — Ckopee cornacet | 5 — IToaHOCTBIO corilaceH

34. 51 rop:kychb TeM, KaKk XOpOLIO si cnpaBHJICs\-
ach C TECTOM MO MaTeMaTHKe

1 — Cosepiienso He cornacen | 2 — Ckopee He corjace | 3 —
Heiitpanbsno | 4 — Ckopee cornacet | 5 — IToIHOCTBIO COTTIaceH

35. MeHns pa3apakaeT ypoK MaTeMaTHKH

1 — CosepiienHo He cornaceH | 2 — Ckopee He coriaceH | 3 —
Heiitpanbsno | 4 — Ckopee cornacet | 5 — IToIHOCTBIO COTTaceH

36. S Tak 3.110Ch HA ypoKe MaTeMaTHKH, YTO MHe
xouercs yiHTH

1 — CosepiienHo He cornaceH | 2 — Ckopee He coriaceH | 3 —
HeiitpansHo | 4 — Ckopee cornacet | 5 — [TosHOCTBIO cornaceH

37. S 310Cb, TOTOMY 4TO
MaTeMaTHKe TAKOH CJI0KHbIN

MaTrepuaJl mo

1 — CosepiueHHo He coriaceH | 2 — Ckopee He cornaceH | 3 —
Heiitpanbno | 4 — Ckopee cornacet | 5 — IToIHOCTBIO COTIaceH

38. Mens pa3apakaeT ypoK MATeMaTHKHU

1 — CosepiienHo He cornaceH | 2 — Ckopee He coriaceH | 3 —
Heiitpansho | 4 — Ckopee cornacet | 5 — [TosHOCTBIO cornaceH

39. S paccrpoen\-a Bo BpeMsi MATeMATHKH

1 — CosepuienHo He coriaceH | 2 — Ckopee He cornaceH | 3 —
HeiitpansHo | 4 — Ckopee cornaces | 5 — IToiHOCTBIO COTIIaceH

40. MeHs n1eliCTBUTEIbHO 3JIUT YPOK MaTeMaTUKHU

1 — CosepuienHo He cornaceH | 2 — Ckopee He corijaceH | 3 —
Heiirpanbho | 4 — Ckopee cornacet | 5 — I[MonHocTbIO cornacen

41. MeHs pa3apakaeT y4YuTel1b MATEeMAaTHKU

1 — CosepuienHo He coriaceH | 2 — Ckopee He cornaceH | 3 —
HeiitpansHo | 4 — Ckopee cornaces | 5 — IToiHOCTBIO COTIIaceH

42. 51 xorem\-a Obl BBIIUIECHYTH CBOK 3JI0CTH HA
OTHOKJIACCHMKOB

1 — CosepuienHo He coriaceH | 2 — Ckopee He cornace | 3 —
Heiitpansho | 4 — Ckopee cornace | 5 — ITolHOCTBIO COTIaceH

43. MeHsl 0XBATBIBAET KAap OT 3J10CTH

1 — CosepiienHo He cornaceH | 2 — Ckopee He corjaceH | 3 —
HeiitpanbsHo | 4 — Ckopee cornacet | 5 — [lonHocThIO cornaceH

44. Ha ypoke MaTeMAaTHKH 51 pa3apaxeH\-a

1 — CosepuienHo He coriaceH | 2 — Ckopee He cornace | 3 —
Heiitpanbho | 4 — Ckopee cornace | 5 — ITolHOCTBIO COTIaceH



45. Moe qoMalIHee 3alaHHe M0 MaTeMaTHKe MEHS
3JIMT

1 — Cosepiienno He cornaceH | 2 — Ckopee He corjiace | 3 —
Heiitpanbno | 4 — Cxopee cornacet | 5 — IToIHOCTBIO cOrTaceH

46. S 3JIIOCh, IIOTOMY 4YTO JAOMAallHEee 3aJJaHHUe 110
MaTeMaTHKe 3aHUMAaeT TAK MHOI'0O BpeMEeHH!

1 — CosepiienHo He cornaceH | 2 — Ckopee He coriaceH | 3 —
Heiitpanbho | 4 — Ckopee corinacet | 5 — [ToaHOCTBIO corlaceH

47. SI tak 30i1\371a, 4YTO XOTesn\-a ObI BHIGPOCHUTH
JAoMalIHee 3a/laHie B MYCOPKY

1 — Cosepiuenno He cornaceH | 2 — Ckopee He corjiace | 3 —
Heiitpanbho | 4 — Ckopee corinacet | 5 — [ToaHOCTBIO corlaceH

48. $1 3m10ch, KOI/a JeJIal0 AoMallHee 3alaHHe 10
MaTeMaTHKe

1 — CosepuienHo He coriaceH | 2 — Ckopee He coryiaceH | 3 —
Heiitpanbro | 4 — Ckopee cornacet | 5 — IToIHOCTBIO COTIaceH

49. 41 3J110Ch, YTO MHE HY’KHO JeJ1aThb TaK MHOI0
JIOMAIITHEro 3aJJaHus 10 MaTeMaTHKe

1 — CosepiieHHo He cornaceH | 2 — Ckopee He coriaceH | 3 —
Heititpansho | 4 — Ckopee cornacet | 5 — [TosHOCTBIO cornacex

50. M3-3a 3j0cTH Ha J0MallHee 3aJiaHHe IO
MaTeMaTHKe s mpeanoden\-ia 6ol BooOuIe He
HAYHHATH ee 1eJIaTh

1 — CosepiieHHo He cornaceH | 2 — Ckopee He coriaceH | 3 —
Heititpansho | 4 — Ckopee cornacet | 5 — [TosHOCTBIO cortaceH

51. JlomamiHee 3alaHUe MO MaTeMaTHKe TaK MeHs

3JIMT, YTO MHE XO04YeTCHd IMPEKPAaTUThL €ro
AejJaTb
1 — Cosepuienno He coriaceH | 2 — Ckopee He cornace | 3 —

Heiitpanbho | 4 — Ckopee cornacet | 5 — IToIHOCTBIO coTaceH

52. Emie 1m0 TOro, kak s HA4YMHAK [eJaTh
JoMallIHee 3alaHie 10 MaTeMaTHKe, fl 3/110Ch

1 — Cosepiienno He cornaceH | 2 — Ckopee He coriaceH | 3 —
Heiitpanbho | 4 — Ckopee cornacet | 5 — IToIHOCTBIO corlaceH

53. Korga MHe NpHUXOAMTCS [0JI0 CHIETH W
JaeJaTh JOMalIHee 3aJaHue [0 MaTeMaTHKe, s
CTAHOBJIIOCH 0ECMOKOIMHBIM\-0if OT 3J10CTH

1 — Cosepiuienno He cornaceH | 2 — Ckopee He corjaceH | 3 —
Heiitpansho | 4 — Ckopee cornacet | 5 — [lonHocThIO cornacex

54. Ilociae [g0Jaroro BBbINOJHEHUS] IOMALIHEro
3aJaHus mo MaTeMaTHKe b Bech\-Bes
HAnpsiKeH\-a 0T 3J10CTH

1 — Cosepiuenno He cornaceH | 2 — Ckopee He corjace | 3 —

Heiitpansho | 4 — Ckopee cornacet | 5 — [TonHocThIO cornaceH

55. SI Tak 304\-371a, 4TO XOTes ObI pa3opBaTh
IK3aMeHANMOHHBIH JIUCT HA KYCKH
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1 — Cosepienno He cornacen | 2 — Ckopee He corjace | 3 —
Heiitpanbno | 4 — Ckopee cornacet | 5 — IToIHOCTBIO COTIaceH

56. MeHsi pa3paxaer, 4YTO Y4YHTeJlb 3a/1aeT
CJIO’KHBbI€ BOIIPOCHI
1 — CosepiienHo He cornacen | 2 — Ckopee He coriaceH | 3 —

Heiitpanbho | 4 — Ckopee cornacet | 5 — IToaHOCTBIO corilaceH

57. Tlocie TecTa IO MaTeMaTHKe S YYBCTBYIO T'HEB

1 — Cosepiienso He cornaceH | 2 — Ckopee He corjace | 3 —
Heiitpanbsno | 4 — Ckopee cornacet | 5 — IToIHOCTBIO COTTIaceH

58. 51 3mch HaA TO,
MaTeMaTHKe

KaKk 1mpoumeja TeCcT 1o

1 — CosepiienHo He cornaceH | 2 — Ckopee He corjace | 3 —
Heiitpanbno | 4 — Ckopee cornacet | 5 — IToIHOCTBIO COTIaceH

59. 1 3aMeyalo, KaK CKMMAal0 KYJIaKH OT 3JIOCTH
BO BpeMsl TeCTa 10 MaTeMaTHKe

1 — CosepiienHo He cornaceH | 2 — Ckopee He coriaceH | 3 —
HeiitpansHo | 4 — Ckopee cornacet | 5 — [TosiHOCTBIO cornaceH

60. S uyBCTBYIO ce0s1 MOJABJIEHHBIM\-0ii BO BpeMst
MATeMaTHKHU

1 — CosepiienHo He cornaceH | 2 — Ckopee He coriaceH | 3 —
Heiitpanbho | 4 — Ckopee cornacet | 5 — IMoaHoCTbIO coriiacex

61. Bo Bpems TecTa Mo MaTeMaTHKe sl YYBCTBYIO
0€e3HaeKHOCTh

1 — CosepuienHo He coriaceH | 2 — Ckopee He cornaceH | 3 —
Heiitpanbro | 4 — Ckopee cornace | 5 — ITolHOCTBIO cOTIIaceH

62. S mocrosiHHO AyMaw, 4YT0 HE€ IOHUMAI0

MaTepual

1 — CosepuienHo He cornacen | 2 — Ckopee He corjaceH | 3 —
Heiitpanbho | 4 — Ckopee cornacet | 5 — [lonHocThIO cornacex

63. 51 MOCTOSIHHO AyMAal0, YTO HUKOI/AA He MOJIyqy
XOPOILIHX OLICHOK 110 MaTeMaTHKe

1 — CosepiienHo He cornaceH | 2 — Ckopee He corjaceH | 3 —
Heiitpanbho | 4 — Ckopee cornacet | 5 — [lonHocTbio cornacexn

64. S1 mpenmoyen\-ia ObI CAATHCS KOrJa peliaro
3a7a4H

1 — CosepuienHo He coriaceH | 2 — Ckopee He cornace | 3 —
Heiitpanbho | 4 — Ckopee cornace | 5 — ITolHOCTBIO COTIaceH

65. HM3-3a yyBcTBa 0e3HAAEKHOCTH 5 0OJIbLIE He
NPHUKJIAIbIBAI0 YCHIHI

1 — Cosepiienno He cornaceH | 2 — Ckopee He corjaceH | 3 —
Heiitpansho | 4 — Ckopee cornacet | 5 — [lonHocThIO cornaceH

66. SI uyBCcTBYI0 cefsi mapaju3oBaHHLIM\-0ii BO
BpeMsl MATeMATHKH



1 — Cosepiienno He cornaceH | 2 — Ckopee He coriaceH | 3 —
Heiitpansho | 4 — Ckopee cornacet | 5 — [TonHOCTBIO cornaceH

67. S moyTm HaYMHAIO IUIaKaTb, MOTOMY 4YTO HE
3HaK, 4TO JA€jJ1aTh

1 — CosepiienHo He cornaceH | 2 — Ckopee He coriaceH | 3 —
Heiitpanbho | 4 — Ckopee corinacet | 5 — [ToaHOCTBIO corlaceH

68. 51 nymalo, 4TO ypOK MaTeMATUKH CKYYHbI

1 — Cosepienno He cornacen | 2 — Ckopee He coriaceH | 3 —
Heiitpanbho | 4 — Ckopee corinacet | 5 — [ToaHOCTBIO corlaceH

69. 51 He mory cocpeaoTOYHTHCSH, IOTOMY 4YTO MHE
CKYYHO

1 — CosepuienHo He coriaceH | 2 — Ckopee He coriaceH | 3 —
Heiitpanbho | 4 — Ckopee cornacet | 5 — IToIHOCTBIO COrllaceH

70. MHe Tak CKy4YHO, YTO s HE MOIY OCTaBaTbCS
00pbIM HA YPOKe

1 — CosepiieHHo He cornaceH | 2 — Ckopee He coriaceH | 3 —
Heititpansho | 4 — Ckopee cornacet | 5 — [TosHOCTBIO cortaceH

71. Ha ypoke MaTeMaTMKH MOHM MBICJIM 4YacTo
BHTAIOT B 00/1aKaX

1 — CosepuienHo He cornaceH | 2 — Ckopee He coriaceH | 3 —
Hetitpanbsho | 4 — Ckopee cornacet | 5 — [TosHOCTBIO coraceH

72. M3-3a CKYKM §l yMalo, 4YTO MHe BCe PaBHO Ha
MaTepuaJj

1 — Cosepuienno He coriaceH | 2 — Ckopee He cornaceH | 3 —
Heiitpansho | 4 — Ckopee cornaces | 5 — ITolHOCTBIO COTIIACeH

73. Koraga MHe cKY4HO, 51 IyMal0: ecJiM Obl TOJIBKO
YPOK MaTeMaTHKH yiKe 3aKOHYHJICsH!

1 — Cosepiienno He cornaceH | 2 — Ckopee He coriaceH | 3 —
Heiitpanbsho | 4 — Ckopee cornacet | 5 — [lonHocThIO cornaceH

74. Ha ypoke MaTeMaTHKH 1 MeYTAI0

1 — Cosepuienno He coriaceH | 2 — Ckopee He coryiace | 3 —
HeiitpansHo | 4 — Ckopee cornaces | 5 — ITolHOCTBIO COTJIACeH

75. $1 mocTrosiHHO CMOTpPpIO HA 4YacCbl, MOTOMY 4TO
BpeMs UIET CIMIIKOM MEJJICHHO

1 — CosepuienHo He coriaceH | 2 — Ckopee He cornace | 3 —
Heiitpanbho | 4 — Ckopee cornaces | 5 — IToiHOCTBIO cOTIaceH

76. 51 ctaparoch OTBJIeYb Ce0sl OT CKYKH

1 — Cosepiienno He cornaceH | 2 — Ckopee He corjaceH | 3 —
Heiitpansho | 4 — Ckopee cornacet | 5 — [lonHocThIO cornaceH

77. S1 cTaHOBJIOCH 0eCNOKOHBIM\-0i, TOTOMY YTO
MPOCTO K1Y OKOHYAHHUS YPOKa

1 — CosepuienHo He coriaceH | 2 — Ckopee He cornace | 3 —
Heiitpansho | 4 — Ckopee cornaceH | 5 — ITolHOCTBIO COTIIACEH
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78. 51 3ameuaro, KaK OMyCKaWCh B Kpecie\cTyie
OT CKYKH

1 — CosepiienHo He cornacen | 2 — Ckopee He corjace | 3 —
Heiitpanbsno | 4 — Ckopee cornacet | 5 — IToIHOCTBIO COTIaceH

79. Ilpocto aymast o0 JOMalIHEM 3aJaHUM 110
MaTeMaTHKe, MHe CTAHOBUTCS CKY4HO

1 — CosepiienHo He cornaceH | 2 — Ckopee He coriaceH | 3 —
Heiitpanbho | 4 — Ckopee cornacet | 5 — IToaHOCTBIO corilaceH

80. Moe pnomamiHee 3ajaHHe MO0 MaTeMaTHKe
yOuBaeT MeHsl 0T CKYKH

1 — Cosepuienno He cornacen | 2 — Ckopee He corjace | 3 —
Heiitpanbho | 4 — Ckopee cornacet | 5 — IToaHOCTBIO corilaceH

81. MHe Tak CKy4YHO, 4TO s He Xo04y OoJiblIe
YUYUTBCS

1 — CosepiueHHo He coriaceH | 2 — Ckopee He cornaced | 3 —
Heiitpanbno | 4 — Ckopee cornacet | 5 — IToIHOCTBIO COTIaceH

82. 51 cHOBa IYyMalw 0 TOM, HACKOJIbKO CKy4YHOe
JOMallHee 3aJaHue 110 MaTeMaTHKe

1 — CosepiienHo He cornaceH | 2 — Ckopee He coriaceH | 3 —
Heiitpansho | 4 — Ckopee cornacet | 5 — [TosHOCTBIO cornacex

83. Mou MbICIH NOJHOCTBIO I/1e-TO B JIPyroM
Mmecre

1 — Cosepuienno He cornacen | 2 — Ckopee He coriacen | 3 —
Heiitpansro | 4 — Ckopee cornaceH | 5 — IToiHOCTBIO COTIIaceH

84. 51 ckyuaw, aymasi 0 TOM, YTO BBINOJIHEHHE
3THX 3aIaHUI 0€CCMBICJIEHHO

1 — CosepuienHo He coriaceH | 2 — Ckopee He cornaceH | 3 —
Heiitpanbro | 4 — Ckopee cornace | 5 — ITolHOCTBIO cOTIIaceH

85. 3ajgaHus Mo MaTeMaTHKe TaKHe CKy4HbIe

1 — CosepuienHo He cornaceH | 2 — Ckopee He corjaceH | 3 —
Heiitpanbho | 4 — Ckopee cornacet | 5 — [lonHocThIO cornacen

86. OT CKykH st Obl JydYlle 3aHsJICA\-aCh YeM-TO
JIPYTUM HMHTEPeCHbIM

1 — Cosepuienno He cornacen | 2 — Ckopee He cornacen | 3 —
Heiitpanbho | 4 — Ckopee cornace | 5 — IToiHOCTBIO cOTIaceH

87. Korna s Jeilal0 JoMaluHee 3ajaHHe O
MaTeMaTHKe, sl ObICTPO YCTAI0 OT CKYKH

1 — Cosepiienno He cornacen | 2 — Ckopee He corjaceH | 3 —
Heiitpansho | 4 — Ckopee cornacet | 5 — [lonHocThIO cornaceH

88. 51 HaumHaw 3eBaTb OT CKYKH BO BpeMms
MaTeMaTHKH



1 — Cosepurenno He cornacen | 2 — Ckopee He coryaces | 3 — 89. S cuMTaI0 YTO YPOK MATEMATHKH JHYHO JJIst
Heiitpanbno | 4 — Cxopee cornacet | 5 — IToIHOCTBIO COTrTaceH MeHsI He HyZKeH

1 — Cosepiienno He cornacen | 2 — Ckopee He corjace | 3 —
Heiitpanbho | 4 — Ckopee cornacet | 5 — IToaHOCTBIO corilaceH
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