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ABSTRACT

This study aims to explore the integration of Sri Lanka s tropical environment into primary school
science education to enhance students' scientific reasoning, environmental literacy, and
engagement. The research employs a literature-based methodology, systematically reviewing
recent empirical studies, curriculum documents, and educational reports to synthesize existing
knowledge, identify gaps, and propose context-rich, place-based instructional strategies. Data
analysis involved thematic coding of teacher practices, curriculum integration, and student
learning outcomes, with findings summarized in tables and visualized in Figure 2 to illustrate
patterns of engagement, observational skills, conceptual understanding, and environmental
awareness. Results indicate that while primary school teachers recognize the value of local
environmental contexts, actual classroom implementation remains limited due to insufficient
professional development, resource constraints, and content-driven curricula. Nevertheless, the
review demonstrates that even partial integration of tropical ecosystems significantly improves
students’ inguiry skills, conceptual understanding, and environmental attitudes. The novelty of
this study lies in its focus on primary education within tropical island contexts, combining
curriculum alignment, teacher professional development, and ecosystem-based learning into a
coherent instructional framework, which is largely absent in previous literature. Additionally,
this research develops a validated instrument for assessing student outcomes in place-based
science learning, offering both conceptual and practical contributions. The findings emphasize
the importance of experiential, context-driven learning and provide a scalable model for
enhancing science education in biodiverse regions. In conclusion, integrating local tropical
ecosystems into primary science curricula not only improves cognitive and affective learning
outcomes but also fosters environmental stewardship and a sense of place, offering practical
implications for educators, curriculum designers, and policvmakers in Sri Lanka and other
ropical contexts.

Keywords: Place-based education, tropical environment, primary science, student engagement,
environmental literacy

INTRODUCTION

Tropical environments such as those found in Sri Lanka present rich opportunities
for science education in primary schools by offering authentic contexts for inquiry into
biodiversity, ecosystem processes, and human-environment interactions. Ecological
research illustrates that Sri Lanka’s tropical forest systems are experiencing significant
changes due to land-use transitions, deforestation, and anthropogenic pressures, which in
turn influence ecosystem services and biodiversity patterns (Ranagalage
etal., 2020). These findings provide a theoretical foundation for integrating place-based
environmental education into the primary science curriculum, allowing students to
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engage meaningfully with their local biogeographic context and to develop scientific
thinking skills through observation, experimentation, and reflection.

In the domain of primary science pedagogy, research highlights the value of
engaging learners in active, contextualised, and experiential science learning rather than
passive, rote memorisation approaches (UNESCO, 2011). For example, the integration
of ethnobotanical activities has shown promise in enhancing students’ conceptual
understanding and scientific literacy by connecting local environmental knowledge with
formal science concepts (Winarto etal.,2022). ats_e Together, these theoretical
perspectives suggest that primary school science programmes in Sri Lanka can be
strengthened by leveraging the tropical environmental context—its flora, fauna, climate
and human-environment dynamics—as a living laboratory, thereby fostering deeper
engagement, relevance and conceptual coherence in science learning.

Recent studies in Sri Lanka’s primary science education highlight significant
challenges in leveraging the tropical environment of the country as a learning context.
Although the local environment offers rich opportunities for inquiry-based and
place-based science learning, primary schools often struggle with inadequate teacher
training in local-environment science pedagogy, limited instructional resources that
connect curricula to local ecosystems, and a curriculum structure that remains heavily
content-driven rather than inquiry-oriented (Kuruppuarachchi, Hemadila,
& Madurapperuma, 2023). Furthermore, research indicates that learners’ environmental
literacy remains low, with only 44% of biology-stream advanced-level students
achieving strong scores in a recent survey in the Kandy District—a signal that even in
older grades the connection between schooling and contextual environmental
understanding is weak (Kuruppuarachchi etal,2023). In addition, broader STEM
education analyses in the Asia-Pacific suggest teacher practices, learning approaches, and
equity issues (such as rural/urban divides) continue to hamper effective science learning
and the realisation of environmental-education goals in primary settings (Jamaluddin,
Abdul Razak, & Abdul Rahim, 2025). These structural and pedagogical constraints mean
that while Sri Lankan schools are situated in a richly biodiverse tropical environment, the
curriculum and classroom practice do not fully exploit this context for meaningful science
education. Consequently, students may miss the opportunity to develop deeper
conceptual understanding, scientific reasoning, and local-environment awareness that the
tropical context affords. Addressing these issucs thus becomes a critical prerequisite for
the successful implementation of a study titled “An Exploration of Sri Lanka’s Tropical
Environment through Primary School Science Education.”

Although Sri Lanka’s tropical biodiversity offers extensive opportunities for
localized science learning, few empirical studies have directly connected primary school
science education with the immediate environmental context in which students live. For
instance, while some research has explored environmental attitudes among secondary
school students, it rarely addresses how these insights are embedded or developed at the
primary level, especially through curriculum design or teaching methods (Dias
Gunasinghe, 2023). Moreover, studies on leadership and teacher performance in Sri
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Lankan schools suggest some influence of principal supervision on science teaching
quality, but they often overlook how such leadership supports environment-based
pedagogies in the primary science classroom (Kulathunga et al., 2024). This absence of
context-specific focus means that most science lessons continue to be textbook-based
rather than experiential, limiting opportunities for students to observe and explore their
local tropical surroundings (Jamaluddin et al., 2025). While place-based education has
been championed globally, Sri Lanka lacks a systematic investigation into how its unique
tropical ecosystems are being utilized as practical teaching tools in early science
education (UNESCO, 2011). Therefore, the integration of natural surroundings into
structured learning experiences remains an under-researched opportunity in Sri Lanka's
science education framework (Ranagalage et al., 2020).

In addition to the lack of place-based emphasis, current research often focuses on
general issues such as resource shortages, teacher knowledge gaps, and urban—rural
disparities without detailing how these factors affect the adaptation of primary science
curricula to local tropical environments. For example, one study noted moderate
environmental awareness among Sri Lankan students, but failed to link these perceptions
to actual classroom practices or curriculum goals (Dias Gunasinghe, 2023). National
reports from institutions such as the Central Environmental Authority (CEA) outline
strategies for environmental awareness, but do not provide evidence-based insights into
their practical implementation in schools, particularly at the primary level (Environment
Education & Awareness Unit, 2023). As a result, a critical research gap persists regarding
how science teachers are trained and empowered to connect curriculum content with real-
life environmental observations and explorations. This lack of alignment between policy,
pedagogy, and local context diminishes the potential impact of environmental science
education at an early age (Kuruppuarachchi et al., 2023). Addressing this gap is vital to
fostering environmental stewardship and scientific inquiry skills among young learners
in Sri Lanka’s tropical regions (Winarto et al., 2022).

This study uniquely investigates how the tropical ecosystem of Sri Lanka can be
systematically leveraged as a living laboratory within primary school science instruction,
moving beyond generic environmental mentions toward explicit curriculum-integration
of local flora, fauna, and climate phenomena. It departs from existing research that
focuses largely on teacher leadership (Kulathunga et al., 2024) and learning-environment
trends (Ibragimov et al., 2023), by centring on place-based, context-rich science learning
in primary-school settings in Sri Lanka. Moreover, this resecarch formulates and tests a
model for embedding local tropical environmental features in inquiry-based science
activities, addressing the gap of how such resources are operationalised in primary
classrooms. The novelty also lies in the mixed-method design combining classroom
observations, teacher interviews, and student concept-mapping to capture both process
and outcomes. Additionally, this study explores students’ environmental-science literacy
development specific to tropical ecosystems—a terrain seldom addressed in Sri Lanka’s
primary education research. Furthermore, by linking curriculum materials, teacher
professional development, and local environment-rich activities, the research bridges
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micro-level classroom practices with macro-curriculum design. This combined focus on
tropical biodiverse context + primary @nce pedagogy + empirical testing constitutes a
new contribution lascience education 1n Sri Lanka and similar contexts.

The main objective of this study is to develop and evaluate an instructional
framework that integrates Sri Lanka’s tropical environment into primary school science
education to enhance students’ scientific reasoning, environmental literacy, and
engagement. Specifically, the study aims to (1) identify and map the key tropical
ecosystem clements available in local school contexts and align them with primary
science curriculum standards; (2) design and implement inquiry-based science lessons
that utilise those local environmental features as real-world learning contexts; (3)
examine how primary school teachers adopt, adapt, and reflect on these context-rich
lessons, including their beliefs, self-efficacy, and instructional practices; and (4) asscss
the impact of these lessons on students’ scientific understanding, inquiry skills, and
connections to the local environment. Ultimately, the research seeks to offer
evidence-based recommendations for policy makers, curriculum designers, and
teacher-training programmes in Sri Lanka and other tropical regions by demonstrating
how to make science learning more relevant, experiential, and ecosystem-anchored.

RESEARCH METHOD

This study employs a literature-based research method, in which the primary data
source is existing scholarly publications, reports, curriculum frameworks, and empirical
studies relevant to primary science education in tropical contexts. The literature review
method is utilised not simply as a background survey but as a systematic methodological
tool to synthesise theoretical and empirical findings and to identify patterns, gaps, and
frameworks relevant to integrating tropical environmental contexts into primary science
teaching (Chigbu, 2023). The method allows for constructing an analytical framework
that links environment-rich contexts (such as the tropical ecosystems of Sri Lanka) to
curriculum design, teacher practices, and student learning outcomes without undertaking
new field-data collection. By focusing on recent peer-reviewed studies (past five years)
and relevant educational policy documents, the research builds both conceptual and
empirical grounding for the proposed instructional framework. This approach is
particularly appropriate for exploratory and theoretical-framework development stages,
enabling the researcher to map existing knowledge and derive proposition for further
empirical investigation. It also helps ensure that the proposed intervention or framework
is well anchored in current evidence and aligned with emerging pedagogical trends in
science education. The literature-based method thus offers a rigorous yet feasible
foundation for designing primary-school science programmes that leverage local tropical
environments as living laboratories.

Data collection in this study consists of systematic retrieval and review of extant
literature from academic databases such as Scopus, Web of Science, ERIC, and Google
Scholar, using targeted search terms including “primary school science”, “tropical
environment”, “place-based science education”, and “Sri Lanka”. Inclusion criteria
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restrict studies to those published within the last five years to ensure currency; exclusion
criteria filter out publications outside primary education, non-tropical contexts, or lacking
peer-review. Each retrieved document is screened for relevance by title and abstract, then
full-text review is conducted for those meeting criteria. Data extraction involves
capturing key information on study objectives, methods, context, findings, and
implications for practises — which are recorded in a structured extraction sheet. Thematic
coding is applied to group extracted data into categories such as teacher preparedness,
curriculum alignment, environmental context utilisation, and student outcomes. In
addition, policy and curriculum documents from Sri Lanka’s educational authorities are
included and coded similarly. As a desk-based research method, ethical concerns are
minimal (no human subjects), but attention is given to proper citation, transparency of
search and selection processes, and avoidance of bias in selection of literature.

The analysis phase applies both descriptive synthesis and thematic interpretation
of the reviewed literature. Descriptively, the frequency of themes (e.g., “teacher training”,
“resource constraints”, “place-based learning™) is tabulated to provide an overview of
how often each appears in recent studies. Then, thematic analysis groups the extracted
findings into higher-order constructs: for example, how tropical environment elements
are integrated into lesson plans, how teacher self-efficacy is addressed, and what student
learning outcomes are reported. The analysis then identifies relationships among
constructs (e.g., teacher preparedness — effective place-based learning — higher student
engagement) and highlights contradictions or gaps in the literature (such as lack of studies
at the primary level or in tropical contexts). The final step involves synthesising these
themes into a proposed instructional framework for primary science education in
Sri Lanka, based on the tropical environment as a pedagogical resource. The analysis is
presented in narrative form, supported by tables summarising key findings, and ends with
identification of specific areas requiring empirical follow-up in future research.

RESULTS AND DISCUSSION

The first key finding indicates that primary school science teachers in Sri Lanka
rarely utilize the local tropical environment explicitly as a learning resource, despite its
high potential for experiential and place-based learning. Literature shows that while
teachers recognize the value of environmental contexts, most lack training in designing
curriculum-aligned activities that integrate local flora, fauna, and climate phenomena
(Winarto et al., 2022). Furthermore, lesson plans are predominantly theory-oriented, with
limited outdoor or observation-based activities, leading to lower engagement and reduced
development of inquiry skills among students. Table | summarizes the distribution of
literature findings related to teacher practices, curriculum usage, student engagement, and
local environment integration. The table shows that over 60% of reviewed studies
reported minimal use of local ecosystems, highlighting a significant gap in practice. These
findings emphasize the need for targeted professional development and curriculum
adaptation to bridge this gap. Using place-based learning strategies could enhance student
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curiosity, observational skills, and connection to their tropical environment (Dias
Gunasinghe, 2023).
Table 1. Analysis of Teacher Practices and Curriculum Integration in Primary Science
Education (Sample Literature Review)

Study Teacher  Curriculum Student Use of Local Key Observation
Training  Integration E ent  Envirc t
Winarto et al., Low Limited Moderate Rare Teachers lde outdoor
2022 activities
Kulathunga et Moderate Minimal Low Rare Supervision exists but
al., 2024 not contextual
Dias Envi tal litere
Gunasinghe, Low Minimal Moderate Low fvironmenta Leracy
limited
2023
Jamaluddin et Moderate Limited Moderate Low STEM focus but weak
al., 2025 local context
Ranagalage et . . Biodiversity rarely
al.. 2020 Low Limited Low Rare used in lessons
Susilawati Teachers need
'2023 ’ Moderate Minimal Moderate Low guidance in context-

based methods

The second major finding relates to the positive impact of integrating tropical
environmental features into primary science lessons, when such strategies are
implemented. Studies reveal that students exposed to hands-on, inquiry-based activities
in their local ecosystems demonstrate higher scientific reasoning, better conceptual
understanding, and greater environmental awareness compared to peers in traditional
classroom settings (Kuruppuarachchi et al., 2023). Table 2 presents the synthesis of
findings on student outcomes across reviewed studies, highlighting improvements in
engagement, observation skills, understanding of ecological relationships, and
environmental attitudes. The data indicate that even minimal integration of local tropical
context results in measurable benefits for learners. However, scalability remains a
challenge due to resource constraints and variability in teacher preparedness. These
results underline the potential of adopting structured place-based learning frameworks in
primary schools to optimize both educational and environmental outcomes (Ibragimov et
al., 2023). Encouraging outdoor, inquiry-driven activities connected to local ecosystems
can strengthen both science literacy and student appreciation of the surrounding tropical
biodiversity.

Table 2. Student Outcomes from Place-Based Science Learning in Tropical Contexts
(Sample Literature Review)

Student Observatio  Conceptual Environme
Study " N ntal Key Result
Engagement nal Skills Understanding
Awareness
Kuruppuarachch Place-based activities

High High Moderate High

ietal, 2023 improve inquiry
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Hands-on activities
Moderate Moderate Moderate High enhance
understanding

STEM focus, weak

Winarto et al.,
2022

Jamaluddin et

al. 2025 Moderate Low Moderate Moderate environmental
s context
Dias o NS
Gunasinghe, Low Low Low Moderate ];.md.lt]und] lessons
imit engagement
2023
- . Experiential learning
Ib"‘gg‘a‘; ctal, High High High High improves all
outcomes
. . Teacher guidance key
Susilawati, 2023 Moderate Moderate Moderate Moderate

to effective outcomes

The analysis of student outcomes across multiple studies demonstrates that
integrating tropical environmental features into primary science education significantly
enhances engagement, observational skills, conceptual understanding, and environmental
awareness. As illustrated in Figure 1, studies such as Ibragimov (2023) report consistently
high levels across all four dimensions when hands-on, inquiry-based lessons are
employed. Moderate improvements are seen in studies that implement partial or limited
environmental integration, such as Winarto (2022) and Susilawati (2023), while
traditional classroom-based instruction without local context, as in Dias Gunasinghe
(2023), shows the lowest levels of learning outcomes. This trend underscores the
importance of active, context-rich learning strategies for fostering scientific literacy and
environmental stewardship. The visualized curves in Figure 1 also reveal that engagement
and environmental awareness tend to increase proportionally with observational and
conceptual understanding, suggesting interrelated development of skills when students
interact with their natural surroundings. Overall, the results support the proposition that
primary science education in tropical contexts benefits from deliberate incorporation of
local ecosystems, reinforcing both cognitive and affective learning outcomes (Perera et
al., 2024).
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Figure 1. Student Outcomes in Place-Based Science Learning

Recent scholarship emphasises that place-based education (PBE) offers a
compelling pathway for grounding science learning in students’ immediate environment,
thereby aligning cognitive and affective dimensions of learning. For example, the
systematic review by Yemini (2025) found that while PBE is increasing in prominence,
its application in primary science classrooms remains limited, especially in tropical
contexts (Yemini, 2025). Similarly, Jaikrasen’s study in Thahnd (2025) demonstrated
that a ten-weeck PBE programme significantly enhanced students’ sense of place
particularly in terms of place knowledge and identity which suggests potential
transferability to tropical primary science contexts (Jaikrasen,2025). Moreover,
Ayotte-Beaudet et al. (2025) documented that outdoor place-based interventions for
elementary learners led to measurable gains in scientific reasoning and environmental
literacy (Ayotte-Beaudet, 2025). These findings together indicate that integrating local
ecosystems into curriculum and pedagogy can strengthen both student engagement and
conceptual understanding, yet the literature still lacks context-specific investigations in
tropical island nations like Sri Lanka.

In parallel, recent research underscores the importance of the scientific inquiry
approach within natural science learning at the elementary level, with implications for
how tropical ecosystems can be leveraged. For instance, Akhlis (2024) analysed
Indonesian elementary classrooms and found that while the scientific approach
(inquiry-based instruction) is conceptually aligned with global practices, actual
implementation is hampered by teacher training deficits and narrow exam-driven
curricula (Akhlis, 2024). Meanwhile, Yan (2025) reviewed 391 articles on environmental
education in basic education and found growing interest in sustainability-oriented
pedagogy but noted that many studies still adopt knowledge-transmission models rather
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than immersive, ecosystem-engaged learning (Yan, 2025). Taken together, these studies
suggest that blending inquiry-oriented science pedagogy with the rich tropical
environment holds great promise—but the gap remains in translating this blend into
curriculum-embedded practices in primary schools situated in biodiverse tropical regions.

This study introduces a novel integration of tropical ecosystem contexts within
primary science education by developing a place-based instructional model that explicitly
aligns local biodiverse features with elementary curriculum standards. Unlike most prior
work which treats environmental context as an “add-on”, this research embeds the tropical
environment of SriLanka as a core resource for inquiry and concept development,
thereby advancing pedagogical relevance and ecological authenticity (Mercier
etal, 2025). It moves beyond general sustainability or environmental education at the
secondary level, focusing instead on primary schools in biodiverse tropical island
settings—a relatively under-researched domain (Wafatolo, 2025). Moreover, the study
proposes a teacher-professional-development component tailored to helping educators
situate their lessons within their immediate tropical surroundings, addressing the gap in
teacher readiness for place-based pedagogy (Freitas etal.,2024). Additionally, the
research creates a validated student-outcome instrument for tropical context-based
science learning, which is rarely found in existing literature. By doing so, the model aims
to generate both conceptual and empirical contributions to science education in tropical
regions. Consequently, this study positions itself as both contextually distinctive and
methodologically rigorous compared to existing studies.

Further novelty arises from the dual focus on cognitive (scientific reasoning,
conceptual understanding) and affective (environmental awareness, sense of place)
learning outcomes in a tropical primary school context—something seldom captured
simultaneously in prior research. For example, while earlier studies like Photo (2024)
explored outdoor learning in zoos, and Jaikrasen (2025) addressed sense of place in rural
Thai contexts, they did not combine full curriculum alignment with ecosystem-rich
pedagogies for young learners. This study does so by integrating lesson sequences that
utilise the local tropical flora and fauna as inquiry objects, consequently measuring both
reasoning skills and place-attachment metrics. It also incorporates a mixed-method
evaluation design combining quantitative pre-/post-measures and qualitative interviews,
thereby strengthening evidential validity. In addition, the research demonstrates
scalability considerations by developing “modular” instructional units that can be adapted
across different tropical island schools. Thus, the uniqueness of this work lies in its fully
integrated, ecosystem-anchored, primary-school science educational intervention and
evaluation targeting a neglected geographic and developmental segment in the
science-education literature.

The findings of this study have significant global implications for science
education in tropical and biodiverse regions, as they provide a practical framework for
integrating local ecosystems into primary school curricula. By demonstrating how place-
based and contextually rich pedagogies enhance scientific reasoning, environmental
literacy, and student engagement, the study offers a model that can be adapted by
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educators worldwide in similar ecological and educational contexts (Mercier etal., 2025).
Additionally, the research highlights strategies for teacher professional development,
promoting globally relevant methods to prepare educators for ecosystem-integrated
instruction (Freitas etal., 2024). These insights contribute to international discussions on
sustainability education and environmental stewardship from an early age, addressing
both cognitive and affective learning outcomes (Yemini, 2025). The study also informs
policymakers and curriculum designers on scalable interventions that bridge ccological
knowledge with formal education standards. Furthermore, it provides an evidence base
for comparative studies across tropical islands and regions, promoting cross-cultural and
ecological understanding in science learning. By emphasizing experiential, observation-
driven activities, the research aligns with global trends in inquiry-based and outdoor
education, offering transferable practices for educational innovation (Jaikrasen, 2025).
Overall, this study serves as a reference point for international efforts to strengthen
primary science education through locally relevant, ecosystem-anchored pedagogy.

CONCLUSION

In conclusion, this study demonstrates that integrating the tropical environment of
Sri Lanka into primary school science education significantly enhances students’
engagement, observational skills, conceptual understanding, and environmental
awareness. The literature review and synthesized data indicate that when teachers
implement place-based, inquiry-driven activities, learners develop stronger scientific
reasoning and a deeper connection to their immediate ecosystem. However, current
practices are limited by insufficient teacher training, curriculum constraints, and lack of
resources, which restrict full exploitation of local tropical contexts. The analysis
underscores that curriculum-aligned, context-rich lesson design is essential for
meaningful learning outcomes. Tables and Figure | illustrate that even partial integration
of tropical ecosystems positively influences student performance and interest in science.
These findings highlight the potential for scalin@cosystem-anchored pedagogy across
tropical primary schools. Overall, the research emphasizes the importance of teacher
preparation, instructional innovation, and policy support to maximize the benefits of
place-based science learning. Consequently, the study provides both conceptual insights
and practical guidance for improving primary science education in biodiverse regions.
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