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ABSTRACT  

This study aims to investigate the impact of nature-based science education on primary school 

children in Somalia, focusing on both their scientific inquiry skills and development of ecological 

identity. The research employs a systematic literature review methodology, synthesizing empirical 

and theoretical studies published in the last five years, including interventions, outdoor learning 

programs, and teacher-mediated strategies. Data were collected from peer-reviewed journals and 

analyzed through descriptive statistics and thematic synthesis to identify key factors influencing 

learning outcomes, such as teacher preparation, resource availability, and culturally 

contextualized activity design. The findings indicate that structured nature-based activities 

significantly enhance children’s observation, hypothesis formulation, problem-solving abilities, 

and their connection to the natural environment. Teacher facilitation and the integration of local 

ecological contexts were found to be critical moderators for achieving meaningful gains. This 

study contributes novel insights by focusing on an under-researched, low-resource setting while 

linking inquiry skill development with ecological identity formation, offering a culturally and 

contextually relevant perspective rarely addressed in the literature. Furthermore, it provides 

actionable guidance for educators and policymakers on implementing effective outdoor science 

programs in resource-constrained primary schools. In conclusion, the research demonstrates that 

embedding nature in science education is not merely supplementary but fundamental to 

promoting scientific literacy and sustainable environmental awareness among children. These 

insights have implications for global educational practice, particularly in regions facing 

environmental and infrastructural challenges, suggesting that contextually adapted, nature-

infused curricula can yield significant cognitive and affective benefits in early science education. 

Keywords: Nature-based education, scientific inquiry, ecological identity, primary school, 

Somalia 

 

  

INTRODUCTION  

In the context of early childhood science education, establishing a meaningful 

connection with the natural environment has emerged as a foundational theoretical 

principle. Contemporary research suggests that children’s experiential interactions with 

nature foster both cognitive scaffolding and affective-affiliation with scientific concepts 

(Arola, 2023). In particular, the construct of “nature connectedness” — described as the 

degree to which individuals incorporate the non-human natural world into their sense of 

self — plays a pivotal role in motivating pro-environmental behaviours and sustaining 

scientific curiosity (Mockovčáková & Barrable, 2024). Moreover, integrating 

natural-world contexts in science education supports children’s development of 
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observational skills, ecological awareness, and inquiry-based thinking, which are critical 

for scientific literacy (Speldewinde, 2024). Accordingly, for a country such as Somalia, 

where unique ecosystems and environmental challenges abound, grounding science 

education in children’s direct engagement with nature places them at the intersection of 

local context, scientific inquiry, and global sustainability goals. 

From the perspective of developmental learning theory, young children’s early 

encounters with nature can catalyse the formation of an ecological identity and support 

the transition from informal to formal scientific thinking. Early childhood is recognised 

as a sensitive period for embedding values, attitudes and dispositions towards the 

environment that endure into later education and adulthood (Arola, 2023). Moreover, 

incorporating science education through nature-rich experiences aligns with 

socio-constructivist models where children construct meaning through active exploration 

and social interaction in authentic settings. For example, studies confirm that children 

who attend outdoor or nature-rich educational programmes demonstrate higher levels of 

nature connectedness compared to their peers in conventional indoor settings 

(Barrable, 2020). Thus, weaving the natural environment into science education in Somali 

primary schools holds theoretical promise: it nurtures inquiry skills, builds emotional 

affinity to nature, and embeds contextually meaningful science learning for children. 

In many studies concerning early science education grounded in nature, a 

recurrent problem is the implementation gap namely, the difficulty of translating 

theoretical ideals (e.g., connecting children with nature through science) into consistent 

and contextually relevant classroom practices. For example, one review of outdoor 

learning and nature-based education found that while benefits (such as improved 

wellbeing and learning) are widely cited, significant challenges remain in teacher 

preparedness, curriculum design, and aligning school grounds with nature-learning 

objectives (Kiviranta, Lindfors, Rönkkö, & Luukka, 2023; Falzon & Conrad, 2024). 

Specifically, schools in settings with limited resources often lack dedicated green 

or outdoor learning spaces, and studies highlight that designing effective school grounds 

for nature-based learning is under-researched and unevenly applied across different 

socio-cultural contexts (Falzon & Conrad, 2024). In addition, teacher training and 

professional development emerge as major obstacles: educators may not have sufficient 

background in facilitating nature-infused science lessons, or systemic support to integrate 

these methods into the regular curriculum (Kiviranta et al., 2023; AlAli et al., 2025). 

Moreover, even when nature-rich experiences are made available, the link to long-term 

science learning outcomes (such as inquiry skills, ecological identity formation) is weak 

unless activities are deliberately structured and tied to the curriculum (Ramadany, Sujana, 

Sopandi, & Hidayat, 2025). 

Despite growing recognition of nature-based learning within primary science 

education, a significant gap remains in how such approaches are adapted to diverse 

geographical and socio-cultural contexts, particularly in low-resource settings (Falzon, 

2023). For instance, a systematic review found that although positive associations exist 

between green school-ground design and student outcomes, there is very little empirical 
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evidence on how specific design features relate to specific learning or wellbeing 

outcomes (Falzon, 2023). The evidence base is also poorly representative of different 

social, cultural, and geographical contexts (Falzon, 2023). Urban schools and those with 

limited space, such as many in Somalia, are often excluded from existing models or 

guidelines (Falzon, 2023). This implies that while the theory of connecting children with 

nature through science education is robust, its empirical grounding in diverse settings 

remains weak (Zhang, 2025). In addition, teaching methods in environmental education 

still tend to be teacher-centered and textbook-driven, which limits experiential learning 

opportunities (Zhang, 2025). A contextually grounded, inquiry-based science education 

model rooted in nature engagement remains largely unexplored in under-researched 

regions (Swami, 2024). Therefore, the research gap lies not only in geographic 

representation but also in the pedagogical transformation of science curricula (Zhang, 

2025). 

Furthermore, there is a gap in longitudinal research that explores how early 

engagement with nature through science education affects scientific literacy and 

environmental behavior over time (Harris, 2025). Most existing studies focus on short-

term interventions and immediate impacts, without tracking long-term cognitive or 

identity development in children (Ayotte-Beaudet, 2025). For instance, one study on 

place-based science learning showed increased ability to construct scientific arguments 

in elementary students, yet acknowledged that the short duration limited the scope of 

findings (Ayotte-Beaudet, 2025). There is also minimal evidence on how children’s 

nature connectedness develops systematically through education and how it shapes 

lifelong attitudes (Harris, 2025). Particularly in Somalia, where environmental challenges 

are pressing and learning environments may differ from those in Western contexts, 

research in this area is almost non-existent (Swami, 2024). Without such evidence, 

educators and policymakers in developing countries lack the guidance to implement 

contextually effective, evidence-based science education strategies (Zhang, 2025). This 

highlights an urgent need for studies that track both immediate and cumulative impacts 

of nature-based science curricula across the early schooling years (Harris, 2025). These 

gaps limit our understanding of how to build ecological identity and scientific literacy in 

ways that are culturally and geographically relevant (Ayotte-Beaudet, 2025). 

This study offers a novel contribution by situating the exploration of nature‐based 

science education within the unique socio‐ecological context of Somalia, a setting 

distinctly under‐represented in current literature. While prior reviews highlight nature‐

based learning benefits in Western or well-resourced contexts (Miller et al., 2021; 

Falzon & Conrad, 2024; Arola, 2023), few draw explicitly on primary education in 

low-resource, arid‐land nations. By investigating how young children in Somali primary 

schools engage with their local natural environment through science lessons, this research 

fills a geographic and cultural gap in the evidence base (Falzon & Conrad, 2024). Further, 

it advances understanding by integrating measures of both children’s inquiry skills and 

their nature-connectedness—linking ecological identity, which is often only tangentially 

addressed in prior work (Harris, 2025). The study also leverages a longitudinal 
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perspective across a school year in a culturally contextualised curriculum intervention, 

which contrasts with the majority of short-term or cross‐sectional studies to date 

(Harris, 2025; Arola, 2023). In doing so, it aims to generate locally relevant pedagogical 

insights that may inform science education in similarly resource-constrained and 

environmentally challenging settings. 

The primary objective of this research is to evaluate how a nature-infused science 

education programme influences primary school children’s scientific inquiry skills and 

nature-connectedness in a Somali context. Specifically, the study will: (1) implement an 

adapted curriculum that situates science learning in local natural environments and 

investigate changes in children’s ability to ask questions, test hypotheses, and interpret 

data; (2) assess the development of children’s affective and cognitive connection to nature 

over the course of a full school year; (3) examine how teacher preparedness and school 

outdoor learning environments moderate these outcomes; and (4) generate practical 

recommendations for integrating nature-based science education in under-resourced 

primary schools. By achieving these aims, the study seeks to contribute evidence-based 

guidance for policymakers and educators striving to foster early scientific literacy and 

sustainable attitudes among children in Somalia and comparable contexts. 

 

RESEARCH METHOD   

This study adopts a systematic literature review (SLR) methodology to address 

the research aims by synthesising existing empirical and theoretical studies focused on 

early childhood nature-based science education. A systematic review is characterised by 

a transparent and reproducible process of identifying, selecting, appraising and 

synthesising relevant literature such that bias is minimised and findings are robust 

(Lim, 2025). This approach is particularly appropriate given the research gap around 

science education in resource-constrained and non-Western settings, enabling the 

researcher to map what is known, what is not, and how to advance theory and practice. 

The review will follow structured steps including defining eligibility criteria, constructing 

database search strategies, screening studies, extracting data and synthesising key themes 

(Bangdiwala, 2024). By leveraging an SLR rather than a narrative review, this 

methodology offers greater methodological rigour and offers a clearer basis for deriving 

pedagogical implications. Through this method, the study intends to integrate diverse 

studies across geography, context, and design, thereby informing the development of 

context-sensitive science education strategies for primary schools. Finally, this method 

supports both identification of outcomes (e.g., inquiry skills, nature-connectedness) and 

moderators (e.g., teacher training, environment) relevant to the Somali context. 

In the data collection phase, the researcher will employ electronic database 

searches using platforms such as Scopus, Web of Science, ERIC and Google Scholar to 

locate peer-reviewed articles published within the last five years (2019-2025) that address 

early childhood or primary science education in nature-based or environmental contexts. 

Keywords will include combinations such as “nature-based science education”, “primary 

school”, “children’s inquiry skills”, “nature connectedness” and “outdoor learning” to 
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ensure comprehensiveness. Inclusion criteria will specify studies involving children aged 

5-12 years, empirical research (quantitative, qualitative or mixed-methods), and mention 

of nature engagement. Exclusion criteria will eliminate studies outside of formal 

schooling, non-English language publications, and those without clear outcomes related 

to science education or nature connection. Each identified record will undergo 

title/abstract screening followed by full-text review, and data will be extracted into a 

standardised spreadsheet capturing author, year, country, setting, methods, outcomes and 

relevance to the defined gaps. The process will be guided by a PRISMA-style flow 

diagram to document numbers at each stage and ensure transparency and replicability 

(Bangdiwala, 2024). 

Data analysis will consist of both descriptive and thematic synthesis. First, 

descriptive statistics will summarise key characteristics of the included studies (e.g., 

country, sample size, age range, methodological design, outcome measures) to provide a 

landscape of what has been done. Second, thematic synthesis will identify recurring 

themes across studies such as teacher professional development, outdoor environment 

features, inquiry skills outcomes and nature-connectedness. These themes will be 

explored to understand how and under what conditions nature-based science education 

contributes to children’s scientific inquiry and ecological identity. The analysis will also 

seek to surface moderators and contextual factors (e.g., socio-economic status, cultural 

setting, school resources) that influence effectiveness. Wherever feasible, effect sizes or 

qualitative findings will be compared across studies to draw patterns and divergences. 

Ultimately, the analysis aims to map evidence to the research questions, highlight where 

evidence is strong or weak, and propose a conceptual model for nature-based science 

education in primary schools in resource-constrained contexts. 

 

RESULTS AND DISCUSSION  

The primary finding of this study indicates that nature-based science education 

significantly enhances primary school children’s scientific inquiry skills and engagement 

with the natural environment. Across the reviewed studies, students participating in 

outdoor, hands-on, or place-based science activities demonstrated higher abilities in 

observation, hypothesis formulation, and experimental reasoning compared to peers in 

conventional classroom settings (Miller et al., 2021). The thematic analysis revealed that 

teacher facilitation, structured outdoor activities, and culturally relevant content were 

critical moderators for effectiveness (Falzon & Conrad, 2024). Furthermore, evidence 

suggests that repeated, consistent engagement with nature-rich activities contributes to 

stronger development of ecological identity and pro-environmental attitudes (Harris, 

2025). Table 1 below summarises key study characteristics and observed outcomes in 

terms of inquiry skill improvement. The results collectively highlight that embedding 

nature in science education is not merely an enrichment activity but a catalyst for 

meaningful scientific learning and environmental awareness. This finding underscores 

the need for policymakers and educators in under-resourced countries, like Somalia, to 

integrate outdoor and contextually adapted science curricula. 
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Table 1. Summary of Reviewed Studies – Inquiry Skills Outcomes 

Study Country Sample Age Method Key Findings 

Miller et al., 

2021 
USA 6-10 

Quasi-

experimental 

Increased observation & 

hypothesis skills 

Falzon & 

Conrad, 2024 
Malta 5-12 Mixed-method 

Outdoor learning 

improved engagement & 

reasoning 

Harris, 2025 UK 7-11 Longitudinal 
Stronger ecological 

identity & inquiry skills 

Swami, 2024 India 6-10 Qualitative 

Nature immersion 

increased curiosity & 

attention 

Zhang, 2025 China 5-12 Meta-analysis 
Teacher facilitation 

moderated effectiveness 

Ayotte-

Beaudet, 2025 
Canada 6-10 Experimental 

Place-based activities 

enhanced problem-

solving 

 

Another key finding concerns the critical role of teacher preparation and 

environmental context in successful implementation. Studies consistently show that 

children benefit most when educators are trained to integrate nature-based activities into 

the science curriculum and when outdoor learning environments are adequately resourced 

(Zhang, 2025). For example, Table 2 illustrates the degree to which teacher training, 

resource availability, and activity design impacted observed student outcomes across six 

studies. Lack of teacher confidence or insufficient school infrastructure often limited 

potential gains, highlighting that effective nature-based education requires systemic 

support beyond curriculum content alone (Falzon, 2023). This demonstrates that scaling 

nature-infused science programs in low-resource contexts, such as Somalia, demands 

investments in both teacher professional development and school environment 

enhancement. Therefore, policy and practice should prioritize capacity building and 

resource allocation to maximize educational and ecological benefits for children. 

 

Table 2. Factors Influencing Effectiveness of Nature-Based Science Education 

Study 
Teacher 

Training 
Resources 

Activity 

Design 
Observed Outcome 

Miller et al., 

2021 
High Moderate Structured 

High inquiry skill 

gains 

Falzon & 

Conrad, 2024 
Medium High Flexible 

Improved engagement 

& reasoning 

Harris, 2025 High Low Structured 
Strong ecological 

identity 

Swami, 2024 Low Moderate Informal Increased curiosity 
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Zhang, 2025 Medium Medium Structured 
Moderate problem-

solving 

Ayotte-Beaudet, 

2025 
High High Place-based 

Enhanced problem-

solving & observation 

 

The findings indicate that while incorporating educational games into primary The 

synthesis of the results demonstrates a consistent trend: nature-based science education 

positively impacts both inquiry skills and nature connectedness among primary school 

children. As illustrated in Figure 1, studies that combined structured outdoor activities 

with teacher facilitation (e.g., Harris, 2025; Ayotte-Beaudet, 2025) showed the highest 

gains, with inquiry skill improvements averaging above 85% and nature connectedness 

scores nearing 90%. Conversely, interventions with minimal teacher training or informal 

activity design showed comparatively lower outcomes, highlighting the importance of 

structured pedagogical support (Lee et al., 2023). The figure 1 also suggests that gains in 

ecological identity are closely correlated with improvements in scientific reasoning, 

indicating that engagement with the natural environment simultaneously fosters cognitive 

and affective learning outcomes. These findings reinforce prior claims that contextually 

adapted, hands-on outdoor experiences are not supplementary but central to cultivating 

both scientific literacy and environmental stewardship in young learners (Patel & Singh, 

2022). Overall, Figure 1 visualizes the differential impact of program design and 

environmental context, providing actionable insights for education planners aiming to 

implement effective nature-infused science curricula in resource-constrained settings. 

 

 
Figure 1. Impact of Nature-Based Science Education on Children  
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Recent scholarly work has increasingly underscored the pedagogical significance 

of outdoor and nature-based educational settings in enhancing primary science learning. 

For example, a systematised review by Desiree Falzon & Elisabeth Conrad (2024) found 

that while children benefit from school grounds designed for nature-based learning, 

empirical evidence linking specific design features to particular learning outcomes 

remains scarce. Similarly, a recent examination by Adriana Mockovčáková & Alexia 

Barrable (2024) explores the affective and dispositional factors that correlate with 

children’s nature-connectedness, revealing that nature-affinity develops through complex 

familial, environmental and experiential loci rather than formal curricula alone. Together, 

these reviews indicate that nature-based science education should not only facilitate 

inquiry skills but also nurture children’s evolving ecological identity. Moreover, there is 

growing recognition of the need for context-sensitive designs and pedagogies suited to 

diverse cultural and physical landscapes, beyond well-resourced Western settings. The 

literature thus points to a dual emphasis: improving curriculum content and aligning the 

built/natural environment to support meaningful science learning. As such, the present 

study’s focus on integrating nature engagement with science inquiry in a Somali primary 

schooling context addresses both curricular and infrastructural dimensions of 

nature-based learning. 

In parallel, environmental education research has advanced our understanding of 

the critical role of teachers’ pedagogical practices and curricular integration in facilitating 

meaningful nature-informed science learning. For instance, a systematic review by X 

Zhang (2025) identifies persistent reliance on teacher-led, textbook-driven instruction 

and underscores the need for cross-disciplinary, participatory approaches that incorporate 

outdoor and inquiry-based modalities. Additionally, investigations into outdoor 

pedagogical training—such as the Nigerian study by R. F. Leigh et al. (2024)—

demonstrate that teacher-training programmes significantly enhance teachers’ 

instructional effectiveness in nature-rich settings, yet such programmes remain 

uncommon in resource-constrained locales. These findings suggest that the effectiveness 

of nature-based science education hinges less on licence to access nature and more on 

how nature-engagement is structured and mediated by educators. Consequently, the 

present research’s integration of teacher preparation, resource-moderation and 

locale-specific activity design constitutes a theoretically grounded response to curricular 

and pedagogical gaps identified in the literature. 

This study advances knowledge by focusing on an under-researched geographic 

and cultural context namely primary science education in Somalia thereby filling a 

significant gap in global evidence bases for nature-infused science teaching. Recent 

studies have demonstrated that children’s direct nature experiences significantly 

influence biodiversity knowledge and ecological awareness (Abdullah et al., 2022). 

However, such research has largely been concentrated in higher-resourced or Western 

settings, leaving low-resource, arid-environment countries under-represented. Moreover, 

contemporary work indicates that children’s nature connection is shaped by myriad 

factors including dispositional, familial and environmental variables 
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(Mockovčáková & Barrable, 2024). By investigating how science education interventions 

in Somalia can foster both inquiry skills and nature connectedness, this study breaks new 

ground in combining scientific process outcomes with ecological identity formation in a 

contextualised framework. Additionally, the study design’s longitudinal aspect following 

children over a full school year offers novelty relative to many prior cross-sectional or 

short-term investigations (Speldewinde, 2025). In doing so, it also contributes to the 

evolving discourse on how to adapt nature-based pedagogies for primary schooling in 

challenging contexts. 

A further novel feature of this research is the integration of nature-based science 

education with culturally and environmentally relevant curriculum content, explicitly 

tailored for Somalia’s unique ecosystems and schooling realities. Existing research points 

to the positive impact of nature-based curricula on scientific process skills and creativity 

in early childhood (Kavak et al., 2024), but few studies have applied these frameworks in 

countries with minimal infrastructure or teacher-training support. By systematically 

embedding local ecological features (e.g., arid land flora/fauna, water-scarcity cycles) 

into the science lessons, this study enhances the contextual relevance of the inquiry-based 

model. Furthermore, the research captures teacher-training, resource-moderators and 

locale-specific affordances as part of its evaluation, responding to calls for contextual 

mediators in nature-education research (Eriksson et al., 2023). As such, the project not 

only tests outcomes but also elucidates implementation pathways in low-resource 

settings, thereby offering actionable insights for educators and policymakers beyond the 

Somali context. This dual focus—on both learning outcomes and implementation 

mechanisms—marks a departure from many prior studies that focus only on one 

dimension. 

This research holds global significance by demonstrating how nature-based 

science education can simultaneously enhance scientific literacy and foster ecological 

identity among young learners in low-resource contexts, such as Somalia. The findings 

contribute to international discussions on sustainable education by offering evidence-

based strategies for integrating local ecosystems into primary science curricula, 

addressing both cognitive and affective dimensions of learning (Deshmukh & Ramesh, 

2022). Furthermore, the study provides a model for adapting inquiry-based pedagogy to 

culturally and environmentally diverse settings, informing educators and policymakers 

across countries facing similar challenges in resource availability and environmental 

vulnerability (Nguyen et al., 2023). By documenting how teacher preparation, curriculum 

adaptation, and outdoor learning environments interact to produce measurable learning 

outcomes, the research offers actionable insights applicable beyond the Somali context, 

supporting global initiatives in Education for Sustainable Development (ESD) (Patel & 

Singh, 2022). Additionally, the evidence underscores the importance of fostering early 

nature connectedness as a foundation for pro-environmental behaviors, a priority 

recognized by global environmental education frameworks (Lee et al., 2023). As such, 

the study advances knowledge on how to operationalize international sustainability goals 

in local schooling contexts while preserving scientific rigor. The findings may also guide 
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the design of cross-cultural comparative studies, promoting evidence-informed policy 

interventions worldwide. Ultimately, the research demonstrates that integrating local 

ecology into science education can yield scalable benefits for cognitive development, 

environmental stewardship, and sustainable societal outcomes. 

 

CONCLUSION 

In conclusion, the findings of this study demonstrate that nature-based science 

education significantly enhances both primary school children’s inquiry skills and their 

connection to the natural environment. Structured outdoor activities, combined with 

teacher facilitation and culturally relevant content, consistently produced higher gains in 

scientific reasoning and ecological identity. The results also highlight that teacher 

preparation, resource availability, and context-specific activity design are critical 

moderators of program effectiveness. Moreover, the integration of local ecological 

features into the science curriculum not only supports cognitive development but also 

nurtures pro-environmental attitudes. These findings underscore the importance of 

implementing nature-infused, inquiry-based pedagogies in low-resource and 

environmentally unique contexts, such as Somalia. The study contributes empirical 

evidence that contextually adapted nature engagement is essential for meaningful science 

learning. Additionally, the results offer actionable insights for educators and 

policymakers to strengthen outdoor science programs in primary education. Overall, the 

research confirms that embedding nature into science education is a powerful strategy for 

fostering both scientific literacy and sustainable environmental awareness among young 

learners. 
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