SDU Bulletin: Pedagogy and Teaching Methods 2024/2 (67)

IRSTI 14.01
DOI: https://doi.org/10.47344/sdu20bulletin.v67i2.1285

Nazym Nurumova'®, Gulzhan Kudiretbai 2
1. 2SDU University, Kaskelen, Kazakhstan
*e-mail: nurumova.nazym@gmail.com

THE INFLUENCE OF STEM EDUCATION ON MOTIVATION TO LEARN IN
MATHEMATICS LESSONS

Abstract. This study examined the impact of STEM (Science, Technology, Engineering, and
Mathematics) education on 8th-grade students' motivation towards learning mathematics at a
Nazarbayev Intellectual School in Almaty. The research aimed to assess how STEM education
influences motivational factors such as intrinsic value, self-regulation, self-efficacy, utility value,
attainment value, and test anxiety. An experimental design was employed with 52 participants divided
into two groups: a control group using traditional teaching methods and an experimental group
engaging in STEM approaches. The Mathematics Motivation Questionnaire (MMQ), adapted from
the Science Motivation Questionnaire (SMQ), was utilized for data collection before and after the
intervention. Results from paired samples T-tests and descriptive statistics showed significant
enhancements in the motivational levels of students in the experimental group, indicating that STEM
education effectively boosts motivation towards mathematics learning. This research underscores the
significance of incorporating STEM educational practices into mathematics curricula to create a more
engaging and motivating learning atmosphere. These findings are crucial for educators, curriculum
designers, and policymakers focused on improving mathematics education and fostering a greater
interest in STEM fields among middle school students, contributing to the existing literature on
educational motivation.
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Introduction

Motivation is important in all disciplines, but research shows that mathematics imposes unique
motivational barriers, including feelings of anxiety (Dowker A., et al., 2016: 7, 508) and beliefs that
mathematics does not present personal interest or value in life (Peterson J. L., & Hyde J. S., 2017:
438-456). Low motivation towards mathematics is particularly prevalent when students transition to
middle school - a critical period during which students develop their identity as learners (Hogheim
S., & Reber R., 2015: 17-25). Unfortunately, many middle school students experience a decrease in
motivation and performance in mathematics, partly due to differences in school context and teaching
methods, as well as increased complexity of the material (Eccles J. S., et al., 1993: 553-574). Student
motivation to learn is crucial, as motivated students are more likely to put effort into learning the
material, use effective self- regulation strategies, persevere in the face of difficulties, and demonstrate
higher levels of achievement (Renninger K. A., & Hidi S., Eds., 2019). On the other hand,
unmotivated students usually do not tackle challenging academic tasks and do not use labor-intensive
learning strategies due to their unproductive beliefs held regarding their own abilities or the value of
the material they are learning (Wigfield A., et al., 2016: 55-74).

Identifying and supporting unmotivated students during critical periods, such as transitioning to
middle school, is important in preventing academic declines in subsequent years. This is especially
important in STEM disciplines, where issues related to equity, persistence, and achievement are of
particular interest to STEM educators and researchers and impact the future global STEM workforce
(Cromley J. G, etal., 2016: 4-11). Mathematics, in particular, can serve as a crucial filter from which
students ultimately decide to pursue a specialty and career in STEM (Watt H. M., et al., 2017: 254—
271). Research by Dabney, K. P. et al. found that interest in mathematics in middle school was
positively associated with later career interest in STEM (Dabney K. P., et al., 2012: 63—79). Another
study showed that teenagers' beliefs in their mathematical abilities predicted career growth in STEM
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(Blotnicky K. A., etal., 2018: 1-15). Therefore, understanding the factors that influence mathematical
motivation in middle school students can contribute to increasing students' participation in STEM
disciplines (Pintrich P. R., 2003: 667-686).

The aim of this study is to investigate the impact of STEM education on students' motivation to
learn in mathematics lessons. The findings of this research have significant implications for both
theory and practice. From a theoretical perspective, this study contributes to increasing knowledge
about the impact of STEM education on motivation in mathematics lessons, providing empirical data
on the prevalence and differentiation of specific types of motivation among eighth graders (Marsh H.
W., etal., 2019: 331-353). Thus, we can improve existing theoretical foundations and develop more
effective methods to enhance motivation in students' mathematical education. From a practical
perspective, this study offers valuable insights for educators, policymakers, and curriculum designers
(Zimmerman B. J., et al., 1992: 663— 676).

This study followed survey design and was guided by the following research questions:

1. What is the level of motivation of mathematics emotions of middle school students?

2. Which of the six motivational factors of middle-level students is most influenced by STEM
education?

3. How does STEM education influence the motivation of middle school students?

Motivation is a psychological condition that triggers and maintains actions aimed at achieving
goals (Rosenzweig E. Q., et al., 2019: 617-644). Based on expectancy-value theory (Weidinger A.
F., et al., 2020: 413-422), motivation is influenced by students' self-perceptions (expectancies) and
their attitudes towards the task (values) (Ryan R. M., & Deci E. L., 2017). Expectancies are about
students' confidence in their success or their self- assurance in excelling in a particular domain. This
concept of success expectation aligns closely with what is referred to as self-efficacy in other
motivational theories (Zimmerman B. J., & Labuhn A. S.; 2012: 399-425). For instance, queries
regarding self-efficacy might involve asking students about their confidence levels in grasping the
taught concepts or in finishing their homework on schedule (Ramirez G., et al., 2018: 145-164).
Expectancy-value theory further categorizes values into three types: intrinsic value, utility value, and
achievement value (Kazelskis R., et al., 2000: 137-146). Intrinsic value is related to the joy derived
from completing a specific academic activity (Graham

M. J., et al., 2013); utility value is about the relevance of an academic activity to one’s present
or future objectives (Margot K. C., & Kettler T., 2019); and achievement value concerns the
significance of excelling in academic tasks for an individual (Farwati R., et al., 2021: 11-32). Both
intrinsic and utility values partially tie back to elements of the self-determination theory (Armaludin
U, et al.,, 2021: 70-79), which differentiates between intrinsic motivation (acting for personal
satisfaction) and extrinsic motivation (acting for external rewards) (Li Y., & Schoenfeld A. H., 2019).

Despite variations in theoretical frameworks, there is an agreement that self-beliefs and task
perceptions are critical to academic motivation (Puspita L., et al., 2020: 82—89). The intertwining of
students' beliefs and values significantly influences their eagerness and capacity to manage their
learning autonomously (Glynn S. M., et al., 2009: 127-146). Self-regulation theory describes the
cognitive system responsible for managing students' learning approaches (Wigfield A., et al., 2016:
55-74). Self-regulating students set objectives, select educational strategies, arrange a supportive
study environment, track their progress, and allocate their resources wisely (Logan Fiorella et al.,
2021: 14).

Moreover, a critical factor is the level of anxiety students experience, especially concerning
mathematics (Puspita L., et al., 2020: 82—89). Math anxiety represents an adverse emotional response
to learning or facing mathematical challenges (Glynn S. M., et al., 2009: 127-146). One aspect of
math anxiety includes the dread felt before a math test or the distress caused by receiving a math
grade (Wigfield A., et al., 2016: 55-74). Students who suffer from heightened math anxiety or test
anxiety generally hold negative views towards math, avoid math-related activities, and show lower
performance in mathematics (Logan Fiorella et al., 2021: 14).

Science, technology, engineering, and mathematics (STEM) education is integrated into school
curricula to equip students with the skills necessary to tackle problems aimed at enhancing human
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welfare (Puspita L., et al., 2020: 82— 89). STEM education emphasizes the importance of crafting
methodologies (techniques) through analytical processes and mathematical data computation
(mathematics) to devise problem-solving strategies (Glynn S. M., et al., 2009: 127-146). This
educational approach encompasses a framework that involves recognizing learning processes and
anticipating student behaviors (Wigfield A., et al., 2016: 55-74). These aspects can be influenced
through various interventions and several initiatives aimed at retaining STEM engagement (Logan
Fiorella et al., 2021: 14). Success in STEM education is often attributed to effectively addressing
these components (Farwati R., et al., 2021: 11-32). Furthermore, this approach enhances students’
critical thinking and motivational levels, both of which are crucial for academic achievement
(Armaludin U., et al., 2021: 70-79).

In addition to fostering critical thinking, STEM methodologies are also effective in boosting
students' motivational levels (Kazelskis R., et al., 2000: 137—146). Studies, including one by Burke
et al. (2020), have demonstrated that STEM-focused worksheets can significantly enhance students'
enthusiasm for learning (Graham M. J., et al., 2013). Furthermore, research by Farwati et al. [23]
suggests that students show a high level of motivation in science subjects when engaged in STEM-
based learning, highlighting the potential of the STEM approach in increasing student motivation for
learning (Farwati R., et al., 2021: 11-32). Armaludin et al. [24] argue that while motivation can be
externally stimulated, it inherently originates from within, observable in various scenarios. In
educational settings, it is crucial for teachers to employ diverse strategies to inspire active student
participation in learning processes. This aligns with the STEM pedagogy, which prioritizes real-life
problem-solving skills (Armaludin U., et al., 2021: 70-79). Engaging students in practical activities
during learning sessions can prevent boredom and make education more impactful. According to
research by Puspita et al., the STEM approach significantly elevates students' interest in learning
mathematics, underscoring the effectiveness of STEM in enhancing student motivation (Puspita L.,
et al., 2020: 82—89).

Methods and materials

In conducting the study, we used the Mathematics Motivation Questionnaire (MMQ) for high
school students, which was adapted from the popular and well-validated Science Motivation
Questionnaire for college students (Logan Fiorella et al., 2021: 14). The MMQ targets students'
beliefs, values, self-regulation strategies, and their commitment to learning and performance in
mathematics (Glynn S. M., et al., 2009: 127-146). We focused on middle school students because
the decline in mathematics motivation at this age is more pronounced compared to other academic
domains (Wigfield A., et al., 2016: 55-74). The SMQ was developed based on established theories
of academic motivation to examine the relationships between important motivational factors and
academic achievement among college students (Zimmerman B. J., & Labuhn A. S.; 2012: 399-425).
A study by Logan Fiorella et al. examined the construct validity and reliability of this test, with results
indicating that the MMQ provides a reliable, valid, and feasible assessment of specific factors
underlying mathematics motivation among middle school students (Logan Fiorella et al., 2021: 14).
In this MMQ are six constructs: intrinsic value (e.g., “I enjoy learning math”), attainment value (e.g.,
“Earning a good math grade is important to me), self-regulation (e.g., “I use strategies to ensure |
learn math well”), self-efficacy (e.g., “I am confdent I will do well on math assignments and
projects”), utility value (e.g., “Te math I learn is relevant to my life”), and test anxiety (e.g., “l am
nervous about how I will do on math tests”). Each of the 30 total items asks students to use a fve-
point scale to select “never”, “rarely”, “sometimes”, “usually”, or “always”. Each item is evaluated
on a 5-point Likert-like scale where one is not true at all, two is hardly true, three is somewhat true,
four is largely true, and five is exactly true. Since the participant already speaks English, at least at
the B2 level, and the items are worded in a simple fashion, we did not translate them into Kazakh
language. The questionnaire took about 10 min.

We used an experimental method. Participants in the study were purposively selected and
randomly assigned to two groups: a control group consisting of 26 students who studied mathematics
in a traditional way, and an experimental group consisting of 26 students who studied the same
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content using a STEM approach.

The one of the author works as a mathematics teacher in one of the Nazarbayev Intellectual
school (NIS), where we collected data. The sample comprises 52 secondary students in 8" grade who
voluntarily accepted participation. The data used in this study were collected from students attending
five NIS in Almaty-Kazakhstan.

Results and Discussion

To analyze the data and address the research questions outlined in the study, I'll summarize the
key findings based on the analysis section and discuss their implications in relation to the research
questions posed. The study aimed to investigate the impact of STEM education on students'
motivation towards learning mathematics among 8th-grade students in a Nazarbayev Intellectual
School in Almaty, focusing on intrinsic value, self-regulation, self-efficacy, utility value, attainment
value, and test anxiety as motivational factors.

Research Question 1: What is the level of motivation of mathematics emotions of middle
school students?

Figure 1 - Pre-test of all students
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The graph shows the level of motivation among all students, including both experimental and
control groups, before the experiment (pre-test). The data presented allows us to see the initial level
of motivation in six different parameters. The average scores for each of the motivational factors
range from approximately 55 to 75 points, where 100 points would be the maximum possible score.
The graph shows that the highest scores are observed for the factors “intrinsic value” and “self-
efficacy,” while the lowest scores are for “test anxiety.”

Research Question 2: Which of the six motivational factors of middle-level students is most
influenced by STEM education?

To answer the research question, we compared changes in mean scores in the experimental group
before and after the tests. From the presented diagram, we see the results of pretests and posttests of
the control and experimental groups of students at the secondary level of education on six
motivational factors in the field of STEM education: intrinsic value, achieved value, self-regulation,
self- efficacy, practical value and test anxiety.

Based on this comparison, the most significant change occurred in the self-efficacy category.
This can be seen by the increase in height of the green bar compared to the yellow bar in this category,
indicating an increase in the average value after the experiment compared to the initial condition. It
can also be noted that the experimental group's post-test scores in the categories of intrinsic value,
achieved value, and practical value increased slightly, although these changes were not as significant
as in the category of self-efficacy. In the control group, the changes between pretest and posttest were
not as pronounced, which suggests that the intervention in the experimental group contributed to an
increase in motivational factors.

Figure 2 - Results of the mean values of the experimental and control groups
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Research Question 3: How does STEM education influence the motivation of middle school
students?

The findings, specifically the significant improvement in the experimental group's post-test
scores compared to the pre-test (with a statistical significance p <.001), indicate that STEM education
has a positive influence on the motivation of middle school students towards learning mathematics.
The improvement suggests that the integration of STEM education approaches can effectively
enhance students' motivation, potentially across various motivational factors such as intrinsic value,
self-regulation, self- efficacy, and utility value.

The data analysis and the significant findings in the experimental group highlight the
effectiveness of STEM education in enhancing students' motivation towards mathematics. This is
evident from the statistically significant improvement in motivational levels post-intervention,
suggesting that STEM approaches not only aid in improving students' understanding and skills in
mathematics but also positively influence their motivation by making learning more relevant,
engaging, and connected to real-world applications. These findings underscore the importance of
incorporating STEM-based learning strategies in mathematics education to foster a more motivated
and engaged learning environment.

Table 1 - Paired Samples T-Test for control group Paired Samples T-Test

Paired Samples T-Test

statistic df p Mean SE
difference difference
Control Control Student's  0.105 25.0 0917 0.346 3.28
group post- group pre- t
test test

Note. Ha L Measure 1 - Measure 2 ;é 0

Normality Test (Shapiro-Wilk)

W p

Control group post-test -  Control group pre-test 0.982 0.919

Note. A low p-value suggests a violation of the assumption of normality

Descriptives
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N Mean Median SD SE
Control group post-test 26 109 108 12.0 2.35
Control group pre-test 26 109 109 11.7 2.29

Table 2 - Paired Samples T-Test for control group
Paired Samples T-Test

statistic df p Mean SE
difference difference
Experimental =~ Experimental  Student's 4.98 250 <.001 193 3.88
group  post-  group pre-test t
test

NOte. Ha IJ. Measure 1 - Measure 2 ;ﬁ O

Normality Test (Shapiro-Wilk)

W p

Experimental group post-test - Experimental group pre-test 0.943  0.156

Note. A low p-value suggests a violation of the assumption of normality

Descriptives
N Mean Median SD  SE
Experimental group post-test 26 119 119 10.0 197
Experimental group pre-test 26 100 101 173 3.40

The analysis provided in the study employed paired samples T-tests to evaluate changes in
motivation levels among 8th-grade students, comparing scores before and after the intervention in
both a control group (traditional teaching methods) and an experimental group (STEM approach).
The results indicated a statistically significant increase in motivation levels within the experimental
group, as evidenced by a mean difference of 19.3 (p < .001) between pre-test and post-test scores.
Conversely, the control group showed no significant change in motivation levels, with a mean
difference of 0.346 and a p-value of 0.917, indicating that traditional teaching methods did not
significantly affect students'motivation towards learning mathematics.

The substantial improvement in motivation among students in the experimental group highlights
the efficacy of STEM education in engaging and motivating middle school students in mathematics.
STEM education's emphasis on real-world applications, problem-solving, and interdisciplinary
learning likely contributed to this positive outcome. These approaches make learning more relevant
and interesting to students, potentially influencing various motivational factors such as intrinsic value
(enjoyment of learning math), utility value (relevance of math to real-life), and self-efficacy
(confidence in math abilities).
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The stark contrast in motivation levels between the experimental and control groups underscores
the limitations of traditional teaching methods in fostering motivation towards mathematics. The lack
of significant change in the control group's motivation might be attributed to conventional strategies
not adequately addressing students' needs for engagement, relevance, and self- directed learning
opportunities—elements that are central to the STEM approach.

Conclusion

The study's findings indicate a statistically significant increase in themotivation levels among
students exposed to the STEM education approach, as evidenced by the paired samples T-tests
comparing pre-test and post-test scores within the experimental group. This increase in motivation
contrasts with the control group's outcomes, where traditional teaching methods did not produce a
significant change in students' motivational levels towards mathematics. This discrepancy
underscores the potential of STEM education to foster a more engaging and stimulating learning
environment, effectively addressing the unique motivational barriers that mathematics presents.

Key to the study's implications is the understanding that motivation in mathematics education is
multifaceted, encompassing intrinsic value, self- regulation, self-efficacy, utility value, and test
anxiety among other factors. The positive shift in motivation observed in the experimental group
suggests that STEM education's integrated, real-world application of mathematics not only makes
learning more relevant and enjoyable but also enhances students' confidence in their abilities and the
value they attribute to mathematics in their lives and future careers.

In conclusion, the study underscores the pivotal role of STEM education in enhancing motivation
towards mathematics among middle school students, offering valuable insights for educators,
policymakers, and curriculum designers. By adopting STEM-based learning strategies, there is
potential not only to improve educational outcomes in mathematics but also to inspire the next
generation of learners to pursue careers in STEM fields, addressing global challenges and advancing
societal progress.
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MATEMATHUKA CABAKTAPBIHIA OKY MOTUBAIIUACBIHA STEM
OKBITYAbIH OCEPI

Anparna. by seprrey Anmarsiiarsl HazapOaeB 3usiTkepinik MEKTeOiHIH 8-ChIHBIN OKYIIBUIAPHI
apacbiHna STEM (FbUIBIM, TEXHOJIOTHS, MHKCHEPHUS kKOHE MAaTeMaTHKa) OUTIMIHIH MaTeMaTHKaHbI
OKyFa JlereH MOTHBAalLUsAFa dcepiH 3eprreai. 3eprreyaiH makcatsl - STEM 6inim O6epy omicTepiHiH
IIIKI KYHABUIBIK, ©31H-631 peTTey, ©3iH-631 CEeHIMIITIK, NaiJanbUIbIK KYHIBUIBIFBI, >KETICTIK
KYH/IBUTBIFBI JKOHE TECTKE JETeH Kayill- Karep CUSKThl MOTHUBAIMUIBIK (akTopiapra Kajail acep
€TETIHIH aHBIKTay OOJbI. 3epTTeyre NOCTYPIi OKBITY 9IICTEpiH KOJNJAaHATHIH OaKbLIay TOOBI KOHE
STEM onicTepiMeH aiiHaIbICAThIH SKCIIEPUMEHTAIIBIK TOIT OOJIBIN O6IIiHIeH 52 KaThICYIIBI KATHICTHI.
FouteiMu  MoTuBanus —cayamHamackiHaH (SMQ) OeifimaenreH MaTeMAaTHKAIBIK MOTHUBAILIHS
cayanHamacel (MMQ) »sKcrepuMeHTKE JeHiHrl JKoHe KEWiHTl JepeKTepii JKUHAY YIIiH
naigananeuiApl.  JKynTelk yarigeri T-Tectrepi MEH cHUMarTaMaiblK CTaTHCTUKA HOTHKENEpi
HKCHEPUMEHTTIK TOMNTAFbl CTYJACHTTEPIiH MOTHUBAIMs JEHIEHIHIH alTapibIKTall >KOFapblUlaFaHbIH
kepcetTi, Oys1 STEM 6inim GepyiiH MaTeMaTUKaHbl OKY MOTHUBAILIUACHIH apTThIpyJa THIM/II €KeHIH
kepceTTi. byn 3eprrey Matemaruka Oarmapnamanapsina STEM 6iniM Oepy TocUIIEpiH €HTi3y
apKbUIbI KbI3BIFYIIBUIBIK TIEH MOTHUBAILIUSHBI apTTHIPATHIH OKY OPTAChIH KYPYABIH MaHbI3AbUIBIFBIH
aran eteni. byn TaObutFaHgap MaremaTvka OUTIMIH KakcapTy >KOHE OpTa MEKTEN OKYLIbUIAPHI
apaceina STEM cananapbiHa JereH KbI3bIFYIIBUIBIKTEI HACHXaTTayFa OarbITTaIFaH OKbITYIIbLIAP,
OKy OarnmapiamachlH >koOajaymibuiap JKOHE cascaTKepiep VIIIH MaHbI3Abl, OuriM  Oepy
MOTHBAIMCHIHA KATHICTHI Oap 3epTTeysepre yjaec Kocaibl.
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BJIMAHUE STEM-OBPA30BAHUSA HA MOTUBALIMIO K OBYUYEHHUIO HA
YPOKAX MATEMATHUKH

AHHOTauusl. B nanHOM wccrnenoBaHuM M3ydyasnoch BiusiHUe oOpaszoBanHuss STEM (mHayka,
TEXHOJIOTUS, UH)KEHEPHUsI U MaTeMaTHMKa) Ha MOTHBALMIO yYalluXcs 8-X KIJIACCOB K H3YYEHHIO
matematuku B HazapOaeB MHremnekTtyanbHO# mikone B Anmathl. Llenpio uccienoBanusi ObLIo
OLIEHUTb, Kak oOpa3oBanue STEM BiusieT Ha MOTHUBAIMOHHBIC (DAKTOPBI, TAKWE KaK BHYTPECHHSS
LIEHHOCTb, CAMOPETYJIALUS, CaMOd(PPEKTUBHOCTD, IIEHHOCTH MOJIE3HOCTH, IIEHHOCTh JTIOCTHKECHUN U
TpeBora Imepe] 3K3aMeHaMHu. bblIl HMCIONBb30BaH SKCIEPUMEHTAIBHBIM IIaH € ydacTuem 52
YYaCTHHUKOB, PA3CJICHHBIX Ha IBE IPYIIIbI: KOHTPOJIBHYIO IPYIIILY, UCIIOJIB3YIOLIYI0 TPAIULIHOHHBIE
METOABl O0Y4YeHHs W SKCIEPHUMEHTAIBHYIO TPYIIy, HCHoib3yromyto mnoaxonsl STEM. Amnkera
MoTuBauuu Kk Maremaruke (MMQ), agantupoBaHHass U3 aHKEThl  MOTHUBaIMU K Hayke (SMQ),
MCTOJIb30BajIach st cOOpa NaHHBIX JI0 M ITOCIIE BMEIIATEIbCTBA. Pe3yIbTaThl MapHBIX BBIOOPOYHBIX
T-TecTOB M omMcaTebHONM CTATUCTUKM IMOKA3aJIM 3HAYUTEIIBHOE IOBBIICHUE YPOBHS MOTHUBALIUU
yyaluxcs B SKCIEPUMEHTANbHON rpymme, ykas3biBas Ha To, uro STEM-o0pa3oBanue 3¢ ¢hekTuBHO
MOBBIIIAET MOTHUBALIMIO K M3YYEHHIO MAaTEMATHKU. DTO HCCIENOBAHUE IOAUYEPKUBAET BAKHOCTH
BKJIIOYEHUs1 0Opa3oBaTesbHBIX NpakTUK STEM B yueOHble mporpamMmbl MO MaTeMaTUKe IS
co3zanust OoJiee yBIIEKaTEIbHOM M MOTUBUPYIOIIEH aTMochepbl 00yueHHs. DTH Pe3yIbTaThl UMEIOT
peliaroniee 3HaueHUe Ui MpernojaBareield, pa3paOOTYMKOB YYeOHBIX TMPOTPaMM U MOJUTHKOB,
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CTpEeMSAIIUXCS YIY4IIUTh MaTeMaTH4YecKoe 0Opa3oBaHUE W CTUMYJIUPOBATH OONBIINA HHTEPEC K
obmactsm STEM cpenn ydamuxcsi CpeJHUX IIKOJ, BHOCS BKJIAJl B CYHIECTBYIOIILYIO JTUTEPATYPy 11O
00pa30BaTeNbHON MOTHBAITUH.
KaoueBble caoBa: MortuBanusa, STEM-o0Opa3oBanue, cpemHssi IIKOJIa, MaTeMaTHKa,
yyJarimecs.
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