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Abstract

This article examines the effectiveness of an interdisciplinary elective course titled “Science Around Us” in enhancing
middle school students’ understanding of global challenges and the principles of sustainable development. The course is
designed to help learners recognize the interconnected nature of environmental, social, and scientific issues, while also
fostering critical thinking and research skills essential for addressing real-world problems.

The course was implemented for Grade 5-6 students at Gymnasium No. 4 named after A.S. Pushkin in Almaty. Its
curriculum integrates key topics from geography, chemistry, biology, and physics, presenting them through a problem-
oriented and research-based learning approach. Students engaged in inquiry activities, discussions, and small research projects
aimed at analyzing global challenges such as climate change, resource depletion, and environmental pollution.

To evaluate the course’s effectiveness, an initial baseline assessment of students’ knowledge was conducted at the
beginning of the program. An intermediate assessment followed after the first and second academic term to measure learning
progress. The results demonstrate a significant improvement in students’ understanding of sustainable development concepts
and global issues. The mean test score increased substantially, rising from 47% at baseline to 81% after one term of
instruction.

In addition to quantitative gains, qualitative observations revealed increased student engagement, curiosity, and confidence
in discussing complex global problems. Learners demonstrated improved ability to analyze cause-and-effect relationships and
propose potential solutions. The novelty of this study lies in its integrated curriculum design within a secondary school context
and the systematic measurement of learning outcomes. Overall, the findings support the value of interdisciplinary, problem-
based science education in developing young learners’ awareness of global challenges and essential skills for sustainable
development.

Keywords: global challenges, sustainable development, interdisciplinary learning, research-based learning, critical
thinking, middle school science, Education for Sustainable Development.

M.T. Veanues, ™ @ M Jlocan, 2@ B A6oumananos, Y@ T.0.Veames 1@
Y46aii amvinoazer Kasax ynmmoix nedazoeuxanvix ynusepcumemi, Anmamol 5., Kasaxcman
2Cmambyn ynusepcumem, Cmambyn K., Typkus

«BI3JI1 KOPIIAFAH FBLIbIM» )KAPATBUIBICTAHY BOUBIHIIA DJIEKTUBTI KYPChI
APKbLIbI 5-6-CbIHBIIT OKYIIBIJIAPBIHA FAJTAM/bIK MOCEJIEJIEP MEH
TYPAKTBI JAMY /bl OKBITY OAICTEMECIH KETIJIAIPY

Anoamna

By 3epTreyzne Herisri MeKTen OKyIIbUIAPbIHBIH jkahaH/bIK ChIH-KAaTepiep MEH TYPaKThl JaMy KaruaarTapbl Typalibl
TYCIHITIH apTThipyFa OarbITTaiFaH «bi3fi KopiiaraH FhUIBIM» aTThl TOHAPAIBIK JJICKTUBTI KYPCTBIH THIMIUIIC
KapacThIpbliaibl. Kypc OKylIbuIapFa SKONOTHSUIBIK, QJIEYMETTIK JKOHE FBUIBIMU MceNeNep/IiH e3apa OailslaHbIChIH TYCIHyTe
KOMEKTECII, HAKThl OMIPIIIK MacelieNepAl MIeIyTre KaXeTTi ChIHU Oiilay MEH 3epTTey JaF/ibUIAapbIH JaMbITYy MaKCaThIHZA
93ipJIeHTEH.

Kypc Amvater kanmaceiamarsl A. C. Ilymkus atsiagars! Ne4 TUMHA3HUSHBIH 5—6 CHIHBII OKYIIBUIAPH! YIIIH €HTi3UIAL
OHBIH Ma3MyHBI reorpadus, XuMus, OHOJIOTHS JKoHe (U3HKA IOHEPIHIH HETI3ri TaKbIPLITAPBIH OIPIKTIpIII, MPOOIeMaIbIK-
Oarmapyibl JKOHE 3epTTEyre HEri3/eNreH OKBITY (opMacklHIa YCHIHBULIBL. OKyIIbUIap KIMMATThIH e3repyi, TaOuru
pecypcTapIblH CapKbUIYbl KOHE KOpIIaraH OpPTaHBIH JIACTAHYbI CHSIKTHI jkahaHZBIK Macenenepll Tajijgayra OarbITTaiFaH
3epTTey TaIChIpMasapblH OPBIHAAI, MiKipTajacTap MEH IIaFrbIH xKo0ajlapra KaThICThI.

Kypcteiy THiMainiria Oaranay MakcaThIHAA OKy OacTaiFaH Ke3/e OKYIIbUIApIbIH OLTIM JICHTCHiH aHBIKTayFa apHaFaH
OacTankpl JUArHOCTHKA KYPri3uimi. BipiHmi »oHe ekiHIN OKy TOKCaHbl asKTalFaHHaH KEHIH OKy JKETiCTIKTEepiHIH
JMHAMUKAChIH aHBIKTAy VIIiH apayiblk Oaramay eTKi3imi. HoTwkenep OKyIIBDIapAbIH TYPakThl JaMy YFBIMIAphl MeH
»kahaHIBIK Macenenepi TYCiHy JeHIeiHiH alTapibIKTalil apTKaHbIH KepceTTi. OpTala TecT HOTHKECT OacTaIKbl Ke3eHIeT|
47 %-nan Gip TokcaHHaH KeifiH 81 %-fa meiiiH ecTi.
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BECTHUK Ka3HIIY umenu Abas, cepus «lledacocuneckue nayxuy, Nel(89), 2026 e.

CaHzIBIK  KOPCETKIITEpPMEH KaTap, camnalblk Oakpulayjap OKYIIbUIAPJABIH OKYy MOTHBALMSCHIHBIH, TaHBIMIIBIK
OeJICeHUTINHIH JkoHE Kypzeni >kahaHABIK Macesenep TalKbulaylarbl CEHIMJIUNIiHIH apTKaHblH KepceTTi. OKyIibuiap
ce0er-canapIiblK, OaiiaHbICTapIBl Tajlmay JKOHE BIKTHUMAI IICIIiMIepAi YCHIHY AaFObUIapbIH KeTuaipai. byn 3eprreynin
KaHAIIBUIIBIFBI — OPTa MEKTEII XKaFJalbIH/Ia TIOHAPANBIK OKYy KyPCHIHBIH 93ipJieHyl )KoHe OKY HOTIDKEJIePiHiH XKyien Typae
Oaramanybl. JKanmel anraHnma, albIHFAH HOTIDKENIEp IIOHAPANBIK, NPOOJIeMabIK-Oaraapiibl SKapaThUIbICTaHy OUTIMiHIH
OKYIIBUTApABIH kahaHIBIK CHIH-KaTepyepre CaHajbl Ke3KapachlH KaJbINTACTBIPYZAa JXOHE TYPaKThl Iamy JaFIbUIapbIH
JaMBITyJa MaHBI3IBUIBIFBIH PACTa b

Tyiiin ce3nep: >kahaHIBIK Mocemenep, TYPAKThl AaMy, TIOHAPAIBIK OKBITY, 3epTTEYIILIK OKBITY, CHIHH OWay, ’Kapa-
TBUIBICTaHY OLTiMI, TYpaKThl JaMy MY/IECiHE apHaFaH OUTiM.
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COBEPHIEHCTBOBAHHME METOJAUKHA ITPEIIOJABAHUSI I'/TOBAJIBHBIX ITIPOBJIEM
N YCTOUYUBOI'O PAZBUTHUA Y OBYYAIOIIINXCH 5-6 KTIACCOB YEPE3
JEKTUBHBIN KYPC 11O ECTECTBO3HAHUIO «<HAYKA BOKPYT HAC»

Annomayus

B cratee paccmarpuBaeTcs 3((EKTHBHOCT MEXIUCHUIUIMHAPHOTO BJEKTHBHOro Kypca «Hayka BOKpyr Hacy,
HAIpaBICHHOTO Ha TIOBBIIICHHWE IIOHMMAaHHUA YYaIUMHCS OCHOBHOM INKOJNBI IJOOATBHBIX BBI30BOB M IPHHIHUIIOB
ycroifunBoro paszButua. Kypc paszpaboTaH ¢ IEIbI0 NOMOYb INKOJBHUKAM OCO3HATh B3aMMOCBSI3aHHBIM XapakTep
9KOJIOTMYECKHX, CONMANBHBIX M HAyYHBIX HpoOJIeM, a TakKe PasBUTh KPUTHUECKOE MBIIUICHHE M HCCIEIOBATEIIbCKHIE
HABBIKH, HEOOXOIUMBIC IS PEIICHUS PETbHBIX 331a4.

Kypc 6511 peanmzoBan s yaamuxcs 5—6 kmaccoB tumHa3ud Ne 4 uvenn A. C. Ilymkuna r. Anmatel. Ero coneprkanne
WHTETpUpYeT KIIOYEBbIE TeMbl reorpauy, XWMHH, OUONOrMM M (PU3HMKH, KOTOpBIE NPEACTABICHBI B MPOOJIEMHO-
OPHEHTHUPOBAHHOM M HCCIIEA0BATENbCKOM (popMare oOyueHus. Yyariuecs BHIOJIHSIN TIOUCKOBBIE 3a/JaHHsl, Y4aCTBOBAJIM B
00CYKIEHHSIX U MUHH-UCCIIEIOBAHUSX, HANPABJICHHBIX HA aHaJIU3 IJ00ajbHBIX BHI30BOB, TAKMX KaK W3MEHEHHE KIIMMara,
HCTOIIEHNE MPUPOHBIX PECYPCOB U 3arps3HEHUE OKPYKAIOIIeH cpeibl.

Jns oneHkn 3(deKTUBHOCTH Kypca B Havane oOyueHHs ObUla HPOBEACHA BXOJHAsl JMArHOCTHKA YPOBHS 3HAHHUN
yuamuxcs. [locie mepBoi W BTOpPOH 4eTBEpTH OBLIO NMPOBENEHO IPOMEKYTOYHOE OIEHWBAHHWE C LIEBIO ONPEICITCHU
JIMHAMHKY 00y4eHHs. Pe3ynpTaTsl mokasanm 3HaUHUTENBHOE YTydIIeHHEe MOHNMAHUS YYalUMHACS KOHIEHINH YCTOHINBOTO
Pa3BUTHSA U II00aNbHBIX NpobieM. CpetHuil oKa3aTelb TECTUPOBAHUS CYIIECTBEHHO BBIPOC — ¢ 47 % Ha HavyaJIbHOM 3Tare
10 81 % mocie 0JJHOTO TpUMecTpa 00ydIeHHsL.

IMoMrMO KOMMYECTBEHHBIX PE3YJIBTATOB, KA4ECTBEHHbIC HAONIO/ICHHS BBISBIIIM IIOBBIICHHE Y4eOHOW MOTHBAIH,
TI03HABATENFHOW aKTUBHOCTH M YBEPEHHOCTH YYalMXCs MPH OOCYXIEHHH CIOXHBIX TI00aIbHBIX mpodnem. LIkomsHuKH
MPOJEMOHCTPHPOBAIN yIy4IlIeHHbIe HABBIKM AaHAM3a HPHYMHHO-CIIC/ICTBEHHBIX CBSI3€H M BBIIBIKEHHS BO3MOXKHBIX
pemennii. HoBu3Ha TaHHOTO HCCIEOBAHUS 3aKIIOYAETCsS B MEXKIUCLHUIUIMHAPHOM AW3aiiHe y4eOHOTO Kypca B YCIIOBHSX
cpemHel INKOJBI M CHUCTEMAaTHYECKOM OleHKe OOpa30BaTeNbHBIX pPE3yJbTaToB. B I[€JIOM IOJTyYeHHBIE BBIBOJIBI
MOATBEPKAAIOT IIEHHOCTh MEXKIUCIIUIIINHAPHOTO, IIPOOIEMHO-OPHEHTHPOBAHHOTO €CTECTBEHHO-HAYYHOTO 00pa30BaHus I
(hOpMHUPOBaHUSA Y YHAIIMXCS OCO3HAHHOTO OTHOIIECHHS K TII00AJILHBIM BHI30BaM U HABBIKOB YCTOWYHBOIO PA3BUTHSL.

KnroueBble cioBa: Ti00aibHBIC MPOOJIEMBI, YCTOMYHMBOE DPa3BUTHE, MEKANUCHUIUIMHAPHOE OOydYeHHE, HCCIEI0Ba-
TeJIbCKOE 00yUeHHUE, KPUTHIECKOE MBIIIJIEHHE, ECTECTBEHHOHAYYHOE 00pa3oBaHKe, 00pa30BaHNE B MHTEpECax YCTOHYMBOTO
Pa3BUTHS.

Introduction. Modern society faces complex global challenges — from climate change and
biodiversity loss to public health crises — that require a scientifically literate and sustainability-minded
population. Education is increasingly recognized as a pivotal instrument for equipping younger
generations with the knowledge, skills, and values needed to address these 21st-century challenges [1].
In particular, Education for Sustainable Development (ESD) has emerged as a global educational
priority, aiming to integrate principles of sustainable development into all levels of education. ESD
cultivates learners’ abilities to understand the environmental, social, and economic impacts of their
actions and empowers them to act sustainably in complex real-life scenarios [1]. As UNESCO has
emphasized, “Education can, and must, contribute to a new vision of sustainable global development...
Education has a responsibility to be in gear with 21st-century challenges and foster the right types of
values and skills that will lead to sustainable and inclusive growth and peaceful living together”. This
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vision underscores the urgency of reorienting school curricula to address global challenges and
sustainability.

Kazakhstan, in line with international efforts, has incorporated the United Nations Sustainable
Development Goals (SDGs) into its national development strategies and is revising educational
curricula to embed ESD principles [1]. Nevertheless, analyses of the Kazakhstani education system
indicate that more emphasis is still needed on sustainability topics and on developing students’ critical
thinking and problem-solving skills for sustainable development [1]. Today’s secondary school students
will become tomorrow’s decision-makers, so it is crucial that they not only acquire factual knowledge
about global issues but also learn to think critically about complex, interdisciplinary problems.
Integrating global challenges into the school curriculum — especially through an interdisciplinary
approach — is seen as a way to make learning more relevant and to prepare students to engage with real-
world issues [2]. Research in education suggests that fostering connections between subjects can yield a
more holistic understanding and promote deeper cognitive skills. For example, interlinking learning
across different subject areas helps students see patterns and relationships and “promotes critical
thinking, a vital skil/ in today’s fast-paced world” [3]. In other words, an interdisciplinary curriculum
can encourage students to think deeply about big problems by applying multiple lenses, thus reflecting
the interconnected nature of global challenges. This approach aligns with the educational philosophy of
John Dewey and others who advocated learning through doing and connecting knowledge to real-life
contexts [3].

Contemporary global challenges, including climate change, biodiversity loss, socio-economic
inequality, and environmental crises, highlight the urgent need to develop students’ systemic
understanding of sustainable development principles. The United Nations Sustainable Development
Goals Report 2024 emphasizes that achieving the Sustainable Development Goals (SDGS) is directly
linked to improving the quality of education and fostering environmental awareness and civic
responsibility among learners (United Nations, 2024). In this context, education is viewed as a key
instrument for societal transformation.

The conceptual foundations of Education for Sustainable Development (ESD) are outlined in
UNESCO documents, which stress the transition from knowledge transmission to the development of
competencies, critical thinking, and responsibility for the future (UNESCO, 2020; UNESCO, 2022).
Within this framework, interdisciplinarity, practice-oriented learning, and active student engagement
become particularly significant.

Research indicates that the implementation of sustainable development principles within national
education systems faces several challenges, including insufficient methodological training of teachers
and limited instructional resources (Yelubayeva et al., 2023). In the context of Kazakhstani education,
improving methodologies for teaching global issues while considering students’ age-specific
characteristics remains a relevant task.

Inquiry-based learning is considered one of the most effective approaches to fostering systemic
thinking and understanding of global processes. Pedaste et al. (2015) describe the phases of the inquiry
cycle that support the development of students’ cognitive engagement. The research synthesis
conducted by Minner, Levy, and Century (2010) confirms the positive impact of inquiry-based science
instruction on academic achievement and deeper conceptual understanding.

The development of critical thinking skills is essential in preparing students to address global
challenges. The European School Education Platform (2025) highlights the importance of fostering
analytical skills, information evaluation, and evidence-based decision-making. Hendricks (2023) notes
that interdisciplinary learning and content integration significantly contribute to the development of
critical thinking in middle school students.

In the context of science and geography education, the system-activity approach and practice-
oriented learning formats are particularly relevant (Kumarbekuly et al., 2023). Recent studies also
emphasize the role of digital educational resources and artificial intelligence technologies in
enhancing instructional effectiveness (Kadirbayeva & Serikbayeva, 2023; Aitkozhina &
Zhensikbayeva, 2025).
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Basic provisions. Thus, the analysis of scholarly literature demonstrates that developing students’
understanding of global issues and sustainable development requires the integration of inquiry-based
learning, critical thinking development, interdisciplinary connections, and digital technologies.
However, the issue of improving teaching methodology for these topics in Grades 5-6 within elective
science courses remains insufficiently explored, which determines the relevance of the present study.

Within this context, we designed and implemented an elective course called “Science Around Us”
for middle school students (Grades 5 and 6) at Gymnasium No.4 named after A.S.Pushkin in
Kazakhstan. The course was conceived to bridge content from geography, biology, chemistry, and
physics under the unifying themes of global challenges and sustainable development. By exploring
scientific concepts in the context of real-world issues — such as climate change, energy sustainability,
environmental pollution, and human health — the course aimed to increase students’ awareness of
sustainable development while also strengthening their general scientific literacy. A key feature of
“Science Around Us” is its emphasis on research-based learning and critical thinking. Rather than
learning science facts in isolation, students engage in inquiry-driven projects, experiments, and problem-
solving activities that relate directly to global and local challenges. This pedagogical approach is
intended to stimulate curiosity and deeper understanding; indeed, inquiry-based learning methods have
been shown to improve students’ academic achievement in science compared to traditional lecture-
based instruction [4]. Multiple studies and meta-analyses have found a clear positive effect of inquiry-
oriented and student-centered science teaching on student learning outcomes [4]. By involving students
in formulating questions, investigating problems, and reflecting on findings, the course strives to
develop not only content knowledge but also scientific thinking skills and the ability to evaluate
information critically — competencies identified as essential for addressing sustainability issues [2].
Furthermore, situating science learning in real-life problems (for example, studying air quality by
measuring local pollution levels, or learning physics principles through renewable energy projects)
provides context and relevance that can motivate learners and improve retention [3]. Such context-
driven, applicable learning experiences are expected to nurture students’ sense of responsibility and
agency regarding societal and environmental challenges [2].

The current study investigates the impact of the “Science Around Us” elective on students’
understanding of global challenges and sustainable development after one academic term. We posed the
following research question: Does participation in an interdisciplinary, sustainability-focused science
course significantly enhance middle school students’ knowledge of and engagement with global
challenges and sustainable development concepts? We hypothesized that students enrolled in this
course would show measurable gains in conceptual understanding of sustainable development issues
and improved ability to connect scientific ideas across disciplines. To evaluate this, we conducted pre-
and post-course knowledge assessments and analyzed the results. Additionally, we qualitatively
observed student engagement and critical thinking during course activities. The object of the research is
the educational process involved in teaching global challenges and sustainable development to middle
school students. The subject of the research is the effect of an interdisciplinary science course (““Science
Around Us”) on students’ knowledge and skills related to sustainable development. The purpose of the
article is to present the design of this elective course and assess its educational outcomes, thereby
providing evidence and insights into how integrating global challenge themes in secondary education
can improve student learning. To achieve this purpose, the study addressed the following tasks: (1)
develop an interdisciplinary curriculum combining geography, biology, chemistry, and physics content
around sustainability themes; (2) implement the course with Grade 5-6 students in a gymnasium
(advanced secondary school) setting; (3) conduct initial (baseline) and intermediate assessments of
students’ knowledge on key topics; (4) analyze the changes in student performance and understanding;
and (5) discuss the implications of the findings for curriculum design and pedagogy in the context of
ESD. The structure of the article reflects these tasks: after this introduction, we describe the methods
and materials of the study, then present and discuss the results, and finally offer conclusions regarding
the course’s effectiveness, its novelty, and its practical significance.
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Materials and methods. Course Setting and Participants: The study was carried out at Gymnasium
No. 4 named after A.S.Pushkin in Almaty, Kazakhstan. This gymnasium is a secondary school known
for its academic focus. The elective course “Science Around Us” was offered to five classes in total:
three Grade 5 classes (5A, 5B, 5C) and two Grade 6 classes (6A, 6B). In the Kazakhstani education
system, Grade5 and 6 students are generally 10-12 years old. All students in these classes
(approximately 25-27 students per class, for a total of N = 130 participants) took part in the elective,
which was integrated into the school’s curriculum as an optional science enrichment course. Attendance
was high and consistent throughout the term, indicating strong interest either from students or
encouragement by teachers and parents. Prior to the introduction of “Science Around Us,” students had
been studying standard science subjects (biology, geography, etc.) as separate disciplines; however, they
had not received formal instruction explicitly focused on global challenges or the UN Sustainable
Development Goals.

Course Design and Content: “Science Around Us” was designed as an interdisciplinary curriculum
unit spanning one academic term (quarter). The course met once per week for a 45-minute session over
the term (approximately 8-10 weeks in the first term of the school year). Each session centered on a
specific theme related to global challenges and sustainable development, integrating content and skills
from multiple scientific domains. Table 1 outlines example topics covered in the course and their
interdisciplinary connections. For instance, one lesson on “Climate Change and Energy” combined
geography (climate zones, weather vs. climate), physics (the greenhouse effect, energy sources),
chemistry (CO2 and combustion), and social studies (renewable energy solutions). Another lesson on
“Human Health and the Environment” linked biology (disease and nutrition), chemistry (water and air
quality), and geography (distribution of health issues globally). A guiding principle in each lesson was
to relate scientific concepts to real-world issues that students could understand and investigate. Lessons
typically began with a driving question or problem scenario (e.g., “Why are scientists concerned about
rising CO: levels?” or “How does plastic waste affect living organisms?”’). Students engaged in various
active learning strategies such as small-group discussions, hands-on experiments or demonstrations,
analysis of simple datasets, and short research projects. They were encouraged to formulate hypotheses,
gather evidence (for example, by measuring something or researching information), and draw
conclusions, thereby practicing the scientific method in a real-world context. The course also
incorporated elements of project-based learning: in the second half of the term, student teams chose a
sustainability challenge (like water conservation at home or reducing waste in school) and worked on a
mini-project to propose solutions, which they presented to the class. By structuring the course around
authentic problems and multi-disciplinary inquiry, we aimed to make the learning experience more
engaging and meaningful, reinforcing the idea that science is interconnected and “around us” in
everyday life. Notably, this approach mirrors what education experts recommend for fostering critical
thinking — embedding it across disciplines through inquiry and problem-solving, rather than treating it as
an isolated skill [2]. Throughout the course, teachers acted as facilitators, guiding inquiry with
thoughtful questions and encouraging reflection, while students took an active role in constructing
knowledge.

Assessment Methods: To evaluate the impact of the course on students’ understanding, we employed
a pre-test/post-test evaluation design. At the very start of the term (during the first session of “Science
Around Us ™), students were given an initial knowledge assessment. This baseline test consisted of 20
multiple-choice and short-answer questions covering fundamental concepts related to the course themes
(e.g., basic definitions of sustainable development, identification of major global challenges like climate
change or poverty, elementary science facts pertinent to those challenges, and simple scenario-based
questions requiring application of science concepts). The questions were developed by the course
instructors and vetted by subject teachers to ensure they were age-appropriate and aligned with
curriculum standards. Though not an exhaustive test of all possible knowledge, this assessment provided
a snapshot of students’ starting familiarity with global challenge topics and their ability to make
connections across science subjects. Students completed the test individually in class, and it was scored
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out of 100% (each question carrying equal weight, with partial credit for short-answer items as
appropriate). The average score on this initial test represented the baseline knowledge level for each
class.

After approximately two months, at the end of the first academic term (following completion of the
course’s planned lessons for that term), we administered an intermediate assessment to the same
students. This test was designed to be parallel in format and difficulty to the pre-test, covering the same
broad topics and skills. Many questions were analogous (for example, a pre-test question “List two
causes of climate change” might correspond to a post-test question “List two effects of climate
change”), allowing us to gauge gains in specific knowledge areas. The post-test also included a few
questions requiring students to explain concepts in their own words or analyze a new scenario using
concepts learned in the course, in order to assess deeper understanding and transfer of knowledge. The
post-test was likewise scored out of 100%. Both the pre- and post-assessments were not counted toward
students’ grades in any subject; they were presented as a diagnostic tool to help instructors understand
learning outcomes, and students were encouraged to do their best without fear of penalty. We obtained
informed assent from the students and permission from school administration to use these test results for
research, ensuring confidentiality.

In addition to the quantitative knowledge assessments, qualitative observations were made
throughout the course by the instructors (who were also the researchers in this study). After each
session, instructors took brief notes on student engagement, participation in discussions, and any notable
instances of critical thinking or creativity (for example, a student making an insightful cross-disciplinary
connection, or groups coming up with innovative ideas during project work). While these observations
were informal, they provided contextual understanding to complement the test score data. We also
gathered informal feedback from students at the end of the term through a short reflective questionnaire
where students could write what they enjoyed or learned from the course. This feedback was not
systematically analyzed for this article, but representative comments are noted in the discussion to
illustrate student perceptions.

Data Analysis: The primary analysis focused on the comparison of pre-test and post-test scores to
determine if there was a statistically significant improvement in students’ knowledge after one term of
“Science Around Us.” For each class (5A, 5B, 5C, 6A, 6B), we calculated the mean and standard
deviation of the test scores before and after the course. We performed a paired sample t-test for each
class and for the aggregate sample (combining all five classes) to assess whether the increase in scores
was significant. Given the relatively large number of students (n > 20 per class), the t-test is a reasonable
approach for gauging significance of mean differences. We set a significance level of a = 0.05 for these
tests. We also computed the effect size (Cohen’s d) for the score improvements to understand the
magnitude of the educational effect. Additionally, we examined score distributions and the percentage
of students achieving a satisfactory performance (for instance, scoring >70%) before vs. after the course.
The qualitative observations were reviewed to identify common themes or examples regarding student
engagement and skill development, which are integrated in the Results and Discussion to enrich the
interpretation of the quantitative findings.

Results and Discussion. Knowledge Gain after One Term: Analysis of the assessment scores
revealed a clear and significant improvement in students’ understanding of global challenges and
sustainable development concepts after participation in the “Science Around Us” course. Figure 1
illustrates the average test scores before and after the course for the combined group of students, while
Table 2 provides detailed results by class. Prior to the course, the overall mean score on the baseline test
was 46.7% (SD = 12%). This relatively modest average reflects that most students had only fragmentary
prior knowledge of the interdisciplinary topics — for example, many could identify obvious global issues
like pollution or climate change, but few were familiar with the term “sustainable development” or
could explain the interconnections between scientific and social aspects of these challenges. After one
term of instruction, the overall mean post-test score rose to 81.3% (SD = 10%). This constitutes an
average gain of approximately +34.6 percentage points. A paired t-test confirmed that the improvement
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in scores from pre- to post-test was highly statistically significant (t(129) = 25.4, p < 0.001) for the
aggregated sample of five classes. The effect size was very large (Cohen’s d = 2.5), suggesting that the
course had a substantial educational impact.

All five individual classes exhibited significant gains. For instance, Class SA’s mean score increased
from 43% to 78%, Class 5B from 45% to 80%, and Class 5C from Forty-two percent of questions
answered correctly at baseline to 76% at intermediate. Similarly, the Grade 6 classes improved from
about 52-55% averages initially to about 85-88% on the post-test. In general, the 6th graders scored
slightly higher than 5th graders on both pre- and post-tests, which is not unexpected given their extra
year of general schooling. However, the magnitude of improvement was similar across grades (gain of
~34-35 points on average), indicating that the course was effective for different age levels in our
sample. The percentage of students achieving a score of 70% or above (a threshold we might consider
as demonstrating solid understanding) jumped dramatically from roughly 15% of students at pre-test to
about 90% at post-test. In other words, by the end of the term, the vast majority of participating students
could correctly answer most questions about sustainable development topics that they previously did not
understand. This includes being able to articulate definitions (e.g., explaining what “sustainable
development” means), classify challenges (distinguishing environmental vs. social dimensions of global
issues), and apply scientific concepts to new situations (for instance, interpreting a simple data chart on
rising global temperatures and linking it to the greenhouse effect concept learned in class). Figure 2
presents a sample question and the distribution of answers before and after the course, illustrating the
shift from prevalent misconceptions to largely correct explanations after instruction.

These results provide empirical evidence that an interdisciplinary, challenge-focused science course
can significantly enhance middle school students’ content knowledge regarding sustainability and global
challenges. The magnitude of improvement is notable; an average post-test score above 80% suggests
that students not only memorized facts but grasped key concepts well enough to succeed on varied
question formats. The novelty of this finding in the context of Kazakhstan’s secondary education is
worth emphasizing. To our knowledge, “Science Around Us” represents one of the first concerted
efforts in a Kazakhstani secondary school to integrate multiple sciences around sustainable development
themes and to formally measure learning outcomes from such integration. The positive results align
with global trends reported in the literature, reinforcing that when students see the connections between
scientific knowledge and real-world problems, their understanding deepens. This is in line with
Hendricks (2023), who observed that interlinked learning experiences “allow students to transfer skills
and knowledge acquired in one area to another,” helping them see cross-cutting patterns and thereby
fostering a holistic understanding [3]. In our case, students often commented that they enjoyed seeing
how topics in one class related to another — for example, how the concept of “energy” was discussed in
physics (in terms of renewable energy technology) and also in geography (in terms of energy resources
distribution) and environmental science (in terms of energy’s impact on climate). This integrative
approach likely aided retention: concepts were reinforced in multiple contexts, making learning more
robust.

Moreover, the improvement we observed is consistent with the idea that inquiry-based and student-
centered pedagogies enhance learning outcomes in science. Our course deliberately moved away from
rote learning; instead of simply telling students about the SDGs or the water cycle, we engaged them in
discovering and researching these ideas. The large knowledge gains suggest that even young students
can successfully learn through inquiry when given appropriate guidance — a finding echoed by prior
research showing that guided inquiry can yield strong achievement gains in science education [4]. By
asking questions, conducting small experiments, and discussing as a group, students likely constructed a
more meaningful understanding of the material than they would have through passive listening. This
resonates with Minner et al. (2010), who found a “clear, positive trend favoring inquiry-based
instructional practices” in science education, meaning students tend to learn more effectively when
actively involved [5]. Our study adds to that evidence, illustrating it in the context of sustainability
topics and a cross-curricular format. It also supports the approach advocated by critical-thinking
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education experts: integrating inquiry and problem-solving across different subjects creates a richer
learning environment that can sharpen students’ reasoning skills [6].

Development of Critical Thinking and Engagement: Although our primary measured outcome was
content knowledge (as reflected in test scores), qualitative observations during the course suggest that
students also developed transferrable skills and attitudes, notably in critical thinking, collaboration, and
personal engagement with global issues. For example, during a lesson on climate change, students were
presented with a graph of global temperature rise and CO: concentration over time. Initially, many
seemed unsure how to interpret the data. However, as the teacher guided them with questions (“What
pattern do you notice? How could CO: be related to temperature?”’), students began to hypothesize
relationships. One group even drew on their math skills to describe the trend (“it’s increasing faster after
the year 1950, kind of exponential”). By the end of that activity, students not only learned the intended
science content (the link between greenhouse gases and warming) but also practiced analyzing data and
drawing evidence-based conclusions — a critical thinking exercise. In another session focusing on local
environmental issues, students conducted a simple audit of classroom trash to categorize what could be
recycled or reduced. This hands-on activity spurred a lively discussion about consumer habits and
waste, with students debating solutions like “should we ban plastic bottles in school?” They were
critically evaluating possible actions, weighing pros and cons — precisely the kind of higher-order
thinking that sustainability education aims to promote [7]. These anecdotes illustrate how the course
provided a platform for students to exercise judgement and reasoning about real-life problems. By
encountering complex issues that do not have single easy answers, students were challenged to think
more broadly and consider multiple factors, which can strengthen their critical thinking dispositions [8].
Indeed, sustainability topics are well-suited for this because they inherently connect science with
economics, ethics, and societal choices. As noted in a recent European School Education Platform
report, “sustainability education is an ideal way for pupils to develop critical thinking while growing
their sense of responsibility for real-life challenges” [8]. Our classroom experience supports this: many
students expressed a sense of empowerment, saying they felt they could do something about problems
like littering or energy saving after learning about them. This shift from passive awareness to active
interest is a qualitative outcome that, while hard to quantify, is immensely valuable in education for
sustainable development.

Implications for Curriculum and Pedagogy: The success of “Science Around Us” carries several
implications. Firstly, it demonstrates the feasibility and benefits of interdisciplinary electives at the
middle school level. Often, school timetables are rigidly divided by subject, which can create silos of
knowledge. Our model shows that with administrative support, a cross-department collaboration (in our
case, teachers from geography, biology, chemistry, and physics departments co-developed the course)
can result in a cohesive learning experience that breaks down these silos. The improvement in student
outcomes provides an evidence-based rationale for curricular innovation: integrating subject matter
around themes of global significance can reinforce learning in each individual subject as well. For
instance, students reported that what they learned about water chemistry in the elective later helped
them understand a concept in their regular chemistry class, and vice versa for geography. This synergy
suggests that interdisciplinary courses need not compete with traditional subjects; instead, they can
enrich the overall curriculum and help students build connections that enhance mastery across the board.
Educational research supports this view, noting that interdisciplinary approaches help students form a
holistic understanding and see the relevance of their classroom learning to the outside world [9].
Schools aiming to prepare students for the complexities of the 21st century should therefore consider
adding modules or projects that cut across subject boundaries, especially centered on real-world issues
that resonate with students’ lives.

Secondly, our findings underscore the importance of active, student-centered learning strategies in
improving educational outcomes. The dramatic jump in knowledge scores and the enthusiastic
participation we observed both attest that students learn more — and enjoy learning more — when they
are actively involved. Methods such as problem-based learning, scientific inquiry, discussions, and
collaborative projects were integral to this course’s design and clearly contributed to its effectiveness.
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Teachers adopting this approach act less as lecturers and more as facilitators or coaches. This can
initially be challenging in systems accustomed to teacher-centered instruction, but the payoff in student
engagement and understanding is significant. As one 11-year-old student wrote in her feedback, “I liked
that we did things by ourselves — like a small research — it made me remember better and | felt like a
scientist.” Building such confidence and interest in science is an added benefit of the pedagogical
approach used. It aligns with broader educational recommendations that call for moving beyond rote
memorization to develop higher-order skills like analysis, evaluation, and creativity in learners [10]. Our
course combined content knowledge with these skills by necessity — to solve a given sustainability
problem, students had to apply scientific facts, analyze information, and consider solutions, thereby
practicing critical thinking in context. This embedded approach to teaching skills is seen as more
effective than trying to teach skills in abstraction [11]. We recommend that educators looking to
promote critical thinking in their classrooms use interdisciplinary real-world problems as a context, as
we have done, since this naturally invites questioning and multiple perspectives.

Thirdly, the positive outcome of “Science Around Us” supports the agenda of scaling up Education
for Sustainable Development in formal education. Given that Kazakhstan’s national curriculum is
moving toward including ESD principles [9], our pilot can serve as a practical example of what ESD
might look like at the school level. It provides a case study of how global and local challenges can be
introduced to young students in a way that is academically rigorous yet accessible. One key insight is
that students are capable of engaging with “big” issues if those issues are presented at the right level and
tied to concrete activities. For example, while “climate change” is a vast topic, our specific experiment
of building a simple greenhouse model or analyzing temperature data made it tangible for students.
Similarly, discussing a local environmental concern (like air pollution in Almaty on a particularly
smoggy day) helped students relate global challenges to their own community. Such localization of
global issues is known to enhance student interest and comprehension, and is a recommended practice
in ESD methodologies [1]. By sharing our curriculum design and results, we hope to inform educators
and curriculum developers in Kazakhstan and beyond about effective strategies to bring sustainable
development into the classroom. The improvement in knowledge and critical thinking we observed
shows that even within a single term, meaningful progress can be made. Over longer periods or multiple
grade levels, one could expect even greater impact — potentially influencing students’ values and
behaviors, which are ultimate goals of ESD not measured in this study.

Limitations and Further Research: While the results are encouraging, we should acknowledge the
limitations of this study. Firstly, the assessment focused primarily on cognitive knowledge gains. Other
outcomes, such as changes in student attitudes towards the environment or development of specific
skills (e.g. teamwork, scientific inquiry skills), were not formally measured. It is possible that some
students improved their test scores but might not retain the information long-term or translate it into
action. Longitudinal studies would be useful to see if knowledge and interest in sustainability persist
beyond the immediate course. Secondly, there was no control group in our design — all five classes
received the intervention. We therefore cannot conclusively attribute all gains solely to the course, as
students might have also learned from other sources during the term. However, given that global
challenges content was not part of their regular curriculum and the large magnitude of improvement, it
is reasonable to infer the course played a central role. Future research could include a comparison group
or employ a crossover design to strengthen causal claims. Thirdly, our evaluation did not include a
detailed item analysis to identify which concepts students struggled with most or which aspects
improved the most. Such analysis could inform fine-tuning of the curriculum (for example, if we found
that understanding of economic dimensions of sustainable development lagged behind environmental
knowledge, we could adjust the course to address that). Lastly, the study was conducted in one school
which, as a gymnasium, may have students particularly motivated or able to take on extra courses. The
success of “Science Around Us” in a different school context (e.g., a general education school or in
rural areas) would need verification. Nonetheless, the fundamental strategies used — interdisciplinary
integration and inquiry learning — are pedagogically universal and supported by broader research. We
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anticipate similar positive outcomes could be achieved elsewhere with proper adaptation and teacher
training.

In summary, the discussion of our results suggests that integrating sustainable development and
global challenge education into middle school science through an elective like “Science Around Us” is
both feasible and beneficial. The course significantly raised students’ knowledge and engaged them in
higher-order thinking about real-world problems. This mirrors global educational objectives: to prepare
students not just in academic content, but to be informed, critical, and responsible citizens who can
contribute to solving the pressing challenges of our time [1].

Conclusion. The elective course “Science Around Us” demonstrated a successful model for
enhancing students’ understanding of global challenges and sustainable development at the middle
school level. Through its interdisciplinary content spanning geography, biology, chemistry, and physics,
and its emphasis on research-based, student-centered learning, the course achieved a marked
improvement in participating students’ knowledge within a single academic term. Students showed
significant gains in their grasp of key concepts (as evidenced by test score increases) and exhibited an
ability to connect ideas across subjects when reasoning about real-world issues. These outcomes provide
evidence that even young learners (Grades 5-6) can engage deeply with complex topics like
sustainability when taught in an interactive and integrated manner. The findings contribute to the
growing body of literature affirming the value of Education for Sustainable Development approaches in
primary and secondary education. In line with UNESCQO’s vision for education’s role in the 21st century
[1], our study confirms that integrating global challenges into the curriculum can foster the “values and
skills that lead to sustainable and inclusive growth” [1]. Importantly, this work is novel in the context
of Kazakhstani education: it represents an early practical implementation of ESD principles in a
secondary school setting with measurable positive results.

From a practical perspective, the success of “Science Around Us” suggests that schools and
educators should be encouraged to experiment with interdisciplinary courses or projects focusing on
real-world problems. The course’s format can serve as a template for similar initiatives. For
instance, other schools might implement a sustainability club, a project week on global issues, or
integrate SDG-related modules into existing science classes. The critical factors seem to be
providing relevance (connecting science to everyday life and global trends), encouraging inquiry
and critical thinking (letting students ask questions and seek answers), and bridging disciplinary
boundaries (showing that biology, chemistry, physics, and geography knowledge all intersect in
understanding issues like climate change or public health). The improvement in our students’
performance and enthusiasm indicates that such approaches not only impart knowledge but also
potentially inspire a greater interest in STEM and civic responsibility. In the long term, educating
students in this way could contribute to a more sustainability-conscious mindset, as students carry
these lessons into higher grades and eventually into society.

In conclusion, enhancing students’ understanding of global challenges and sustainable development
is both an educational imperative and an achievable goal. The elective course described in this article
serves as a proof-of-concept that with thoughtful curriculum design and active pedagogies, young
learners can significantly broaden their awareness of world issues and develop skills to think critically
about solutions. This aligns with national and international calls to transform education to meet the
demands of our rapidly changing world [1]. We recommend that educational stakeholders — from school
administrators to curriculum developers and policy makers — support and scale up such interdisciplinary
and problem-focused learning opportunities. By doing so, we invest in building a generation of learners
who not only excel in academic competencies but are also prepared to engage with and address the
sustainability challenges that lie ahead. The experience at Gymnasium No.4 provides a hopeful
example: when students are given the chance to explore the science around us in the context of global
challenges, they rise to the occasion, learning with enthusiasm and purpose. This bodes well for the
future, as these empowered learners will be better equipped to contribute to a sustainable and equitable
world.
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