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Abstract

This systematic literature review examines methodological trends in nature-based instruction
(NBI) in science education between 2021 and 2025, focusing on formal and school-linked
learning settings. Based on searches in Scopus and Web of Science, 138 empirical studies were
screened, with 58 meeting quality criteria using the Mixed Methods Appraisal Tool (MMAT).
Most studies used qualitative or mixed-methods designs, drawing primarily on observations,
field notes, and concept inventories. Analytic approaches leaned heavily on thematic and
content analysis. Pedagogically, outdoor inquiry and place-based education were the most
common strategies, supported by school gardens and, to a lesser extent, citizen science and
TEK-informed programs. Outcomes focused mainly on affective domains (e.g., identity,
interest, self-efficacy, nature connectedness) and cognitive gains (e.g., achievement,
knowledge), with fewer studies addressing scientific practices or behavioural change. Most
interventions occurred in nearby outdoor sites and were delivered through formal education.
While the field shows strength in ecological validity and instructional design, recurring
challenges include limited use of causal designs, short follow-up periods, and inconsistent
implementation reporting. The review recommends building a shared measurement
framework, expanding equity-focused research, and integrating Al tools responsibly to
support future growth in outdoor science education.

Keywords: Nature-based Instruction, Outdoor Learning, Place-Based Education, School
Gardens, Citizen Science, Science Education, Inquiry-Based Learning, Cognitive and Affective
Outcomes, Data Literacy, Mixed-Methods Research, PRISMA, MMAT

Introduction

Nature-based instruction (NBI) is drawing renewed attention as schools adapt after the
pandemic, climate and sustainability move up policy agendas, equity debates foreground
Traditional Ecological Knowledge (TEK), and educators begin experimenting with Al and
learning analytics in outdoor learning. These shifts call for a synthesis of what we know, rather
than more isolated examples. Yet the field remains methodologically fragmented. Research
designs, measurement tools, reporting practices, and implementation details are
inconsistent, making comparison and cumulative evidence difficult.
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The years since 2020 have deepened the relevance of nature-based instruction (NBI). In
response to the disruptions caused by the pandemic, educational systems around the world
began to reconsider where, how, and with what tools students engage in learning. Outdoor
environments and local micro-sites offered safer, more adaptable, and engaging alternatives
that made it possible to continue instruction even as public health guidelines shifted. At the
same time, the escalating climate crisis pushed issues like sustainability, biodiversity loss, and
socio-ecological resilience to the forefront of both policy and educational discourse. These
shifts happened alongside rapid advancements in artificial intelligence (Al) and data
technologies, which opened up new avenues for designing learning experiences, delivering
feedback, and analyzing student work, while also raising important concerns around privacy,
equity, and the role of learners in shaping knowledge. Collectively, these forces have
reshaped not only what science is taught, but also how research into science education is
carried out: where studies take place, which designs are viable, what counts as valid evidence,
and which outcomes are given priority.

Historically, research into nature-based instruction (NBI) has offered vivid accounts of student
engagement, interest, and emotional connection to the natural world, alongside encouraging
evidence of growth in conceptual understanding, inquiry skills, and environmental attitudes.
However, the field’s methodological diversity has made it difficult to build a cohesive and
cumulative body of knowledge. Much of the work has relied on practitioner-led case studies,
small pilot projects, and quasi-experimental designs using pre- and post-assessments, often
with tools tailored to specific contexts and limited long-term tracking. These features aren’t
accidental or insignificant, they reflect the unique demands of outdoor learning
environments, such as dealing with weather, terrain, safety, and access. They also reflect the
ethical complexities of working with communities and local knowledge holders, which require
trust, reciprocity, and respect for data sovereignty. Additionally, the constraints of formal
schooling are schedules, resources, and the need to align with assessment frameworks to
further shape what is feasible. These challenges raise a key methodological question: How
can the field maintain the authenticity of nature-based learning while introducing the rigor
needed to build a robust and transferable knowledge base?

There is a pressing need for a methodologically focused synthesis of NBI research in today's
context. Since 2021, researchers have been experimenting with blended approaches to
measurement, combining tools such as pre- and post-tests, Likert-scale surveys, interviews,
observations, and, in some cases, structured lesson observation protocols (e.g., modified
versions of RTOP or COPUS adapted for outdoor learning environments). A smaller portion of
studies has begun incorporating logs, sensors, geotagged photographs, or low-stakes
analytics to track student activity. In parallel, research on teacher education has expanded its
focus to include both preservice and inservice teachers’ self-efficacy, their ability to design
effective instruction, and their fidelity in implementing NBI programs. Citizen-science models
have brought additional attention to issues such as data quality, participation trends, and
environmental stewardship behaviours. However, the use of rigorous causal research designs
like randomized controlled trials, regression discontinuity, or stepped-wedge rollouts remains
uncommon, largely due to practical and ethical challenges, especially when it’s not acceptable
to withhold valuable outdoor learning experiences from some students. Long-term studies
that assess whether changes in understanding or attitudes endure over time are also rare,
with most research reporting only on outcomes measured immediately after the intervention.
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Additionally, inconsistent reporting on how faithfully programs are implemented and the
quality of instruction makes it difficult to interpret results and replicate studies.

Emphasizing the importance of place and community in nature-based instruction (NBI) also
brings forward critical issues of equity and knowledge representation. In many school
systems, historically underserved communities face significant barriers which is limited access
to safe and well-maintained green spaces, fewer resources for transportation and materials,
and restricted scheduling flexibility. This makes on-campus micro-sites and nearby urban
greenspaces especially valuable, but also methodologically sensitive. Researchers must be
careful not to frame these contexts or the learners within them from a deficit perspective,
while still acknowledging the structural constraints at play. Integrating Traditional Ecological
Knowledge (TEK) and culturally sustaining pedagogies demands thoughtful methodological
approaches such as collaborative design with community partners, ethical review processes
that reflect local priorities, and data practices that respect community ownership and
sovereignty. As studies increasingly span different cultural and regional settings, it's
important to balance measurement consistency with cultural sensitivity and language
nuance. A methodologically driven review can therefore reveal not just technical
considerations like instrument selection, but also the ethical foundations that shape research
design.

At the same time, the rise of artificial intelligence (Al) in education has opened a new frontier
for research in nature-based instruction (NBI). Some recent studies have begun exploring the
use of Al particularly large language models (LLMs) as tools for generating field prompts,
offering feedback on reflective journaling, or analyzing student work. Others have taken a
more critical stance, positioning Al itself as a topic for student inquiry, for instance, by
comparing Al-generated observations with human ones or by discussing data ethics in the
context of citizen science. However, there remains a notable lack of systematic, real-world
evaluations of Al-supported learning tools in outdoor settings. The logistics of outdoor
environments complicate device use and data tracking, and they also intensify concerns
around surveillance, consent, and equitable access. A methodologically grounded review
could help the field prepare for thoughtful and ethical integration of Al, one that includes
clear reporting on data use, informed consent procedures, and analytic transparency.

Taken together, these developments point to four interconnected reasons why a systematic
review of methodological trends in nature-based instruction (NBI) from 2021 to 2025 is both
timely and necessary:

1. Post-pandemic recalibration: In the wake of COVID-19, research in NBl adapted by shifting
study locations, such as using campus micro-sites and neighbourhood walks and adopting
more pragmatic designs like quasi-experiments, as well as lighter, more flexible
measurement tools. These changes deserve thorough documentation and critical analysis.

2. The climate and sustainability imperative: NBI offers a powerful platform for teaching about
climate change and biodiversity. A closer look at how current studies define and measure
outcomes like systems thinking, stewardship, and place-based attachment can help guide
the standardization of future assessments.

3. Equity and knowledge justice: The rise of approaches that incorporate Traditional Ecological
Knowledge (TEK) and foster community collaboration highlights the need for research
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practices that are not only methodologically sound but also ethically grounded. A synthesis
can help surface effective models and expose recurring challenges in this space.

4. The rise of Al and learning analytics: Early explorations of Al-driven support and data
analytics in outdoor learning environments bring both exciting opportunities and serious
concerns. A review can clarify where the evidence is beginning to take shape and where
greater caution, reflection, or innovation may be needed.

This review is not intended as a meta-analysis focused on effect sizes. Rather, it is a systematic
literature review (SLR) that concentrates specifically on the design of studies, the kinds of
measurement tools they employ, the settings (both geographic and institutional) in which
they take place, and the types of outcomes they aim to assess. The review limits its scope to
empirical, English-language studies published between 2021 and 2025 in higher-tier academic
journals (those ranked in the top two quartiles, Q1-Q2), with a preference for open-access
publications to support transparency and reuse. By combining descriptive data such as the
frequency of different research designs, tools, and regional focuses with a thematic analysis
of methodological choices, this review seeks to offer a comprehensive overview of how NBI
research is currently being conducted, while also pointing to clear and practical directions for
future inquiry.

This review offers three key contributions. First, it outlines the most common research
designs currently used in nature-based instruction (NBI) and explores the trade-offs that
influence those choices such as practical feasibility, ethical concerns, and the need for
ecological validity. Second, it presents a comprehensive overview of the measurement tools
researchers are using, including pre/post assessments, Likert-scale surveys, concept
inventories, structured observation protocols, and performance-based tasks, along with
analytic platforms like SPSS, R, AMOS, NVivo, ATLAS.ti, PLS-SEM, and various learning
analytics tools. This mapping highlights where greater standardization could improve
consistency across studies and allow for more robust meta-analytic synthesis. Third, the
review identifies several critical gaps: a limited number of randomized controlled trials and
long-term follow-up studies; inconsistent reporting on instructional fidelity;
underrepresentation of Global South contexts, despite the wealth of local ecological
knowledge; and the early, largely unexplored integration of Al in outdoor learning. Together,
these insights lay the groundwork for a future research agenda that is both methodologically
rigorous and sensitive to local context. We provide the first systematic mapping of
methodological practice in nature-based instruction (2021-2025), applying PRISMA 2020 and
MMAT for rigorous screening and appraisal. Our contribution is a usable synthesis of designs,
measures, and analytic approaches, plus a roadmap for better reporting, greater equity, and
careful integration of Al

The review is grounded in several key theoretical commitments that help shape its
contributions. Nature-based instruction (NBI) is rooted in constructivist and socio-
constructivist theories, which see learning as an active process of meaning-making, shaped
through tools, dialogue, and community practices. It also draws from experiential learning
traditions that emphasize a cycle of hands-on experience, reflection, conceptual
understanding, and experimentation. Place-based education offers a valuable perspective for
understanding how local ecologies, histories, and cultural contexts provide relevance and
shape identity. In turn, frameworks such as culturally sustaining pedagogy and funds of
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knowledge emphasize the legitimacy of community-held knowledge including Traditional
Ecological Knowledge (TEK). Finally, the review draws on principles of assessment for learning,
focusing on low-stakes, formative, and authentic tasks that assess not just outcomes, but also
the learning process itself. These theoretical orientations inform the review’s methodological
focus which prioritizing authentic inquiry, rich and varied forms of evidence, and multiple
ways of knowing, while still aiming for methodological rigor and the ability to synthesize
findings across studies.

To guide its scope, this review sets out a series of research questions:

e RQ1 : What research designs and methods of data collection and analysis are most
commonly used in empirical studies on NBI from 2021 to 20257

e RQ2 : What teaching strategies and instructional approaches define nature-based
instruction in science education during this period?

¢ RQ3 : What types of student outcomes are most often studied, and how are they
assessed?

e RQ4 : Where are these studies taking place (e.g., school gardens, forests, coastal areas,
urban green spaces), and what forms of delivery are used (formal, informal, or non-
formal)? How long and how intensive are the interventions?

¢ RQ5 : Which levels of education are most represented in the research?

Rather than focusing solely on learning outcomes, this review emphasizes the underlying
research architectures which are the designs, tools, and contexts that shape how we
understand NBI. The goal isn’t to promote a one-size-fits-all model, because such a model
wouldn’t suit the wide range of settings and communities involved in nature-based education.
Instead, the review aims to offer a coherent overview of current practices, a shared
vocabulary for discussing measurement and reporting, and a thoughtful set of priorities to
inform the next wave of research. Research that is not only methodologically sound but also
grounded in place, equity, and relevance.

Methodology

This study is structured as a Systematic Literature Review (SLR), following the guidelines
outlined in the PRISMA 2020 framework for transparent and rigorous reporting. From the
outset, the review was guided by six research questions (RQ1-RQ6), each addressing a
different aspect of nature-based instruction (NBI): research designs and methods,
pedagogical approaches, outcome measures, learning contexts, educational levels and
geographic regions, and methodological gaps. The review protocol laid out clear procedures
in advance, including: the sources of information and search terms used; criteria for including
or excluding studies; steps for screening and selecting relevant literature; rules for coding and
organizing data; methods for evaluating study quality; and the approach to synthesis and
sensitivity analysis. All analytical decisions were carefully recorded to ensure the work could
be reproduced, audited, and verified by others.

To gather relevant literature, we conducted searches across two well-established,

multidisciplinary databases known for their strong coverage of both education and

environmental education:

e Scopus (Elsevier): Searches were performed across article titles, abstracts, and keywords
(TITLE-ABS-KEY).
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e Web of Science Core Collection (Clarivate): Topic searches (TS) included titles, abstracts,
author keywords, and Keywords Plus, spanning the SCI-EXPANDED, SSCI, and ESCl indices.

The search covered publications from January 1, 2021, to September 30, 2025, and was
limited to documents in English. We focused on peer-reviewed articles and early-access
papers. While review articles were included in the initial search to ensure broad coverage,
they were excluded from the final dataset if they were not empirical in nature.

Search Strategy and Strings

The search strategy was developed in stages and structured around four key conceptual
categories:

1. the context of science education,

2. terminology related to nature-based instruction (NBI),

3. indicators of empirical research, and

4. constraints related to time and language.

To ensure consistency across databases, the field settings were aligned using TITLE-ABS-KEY
for Scopus and TS (topic search) for Web of Science.
Here is the final search string used for Scopus:

("science education” OR "STEM education" OR "science teaching")
AND  ("nature-based" OR  "outdoor learning" OR  ‘"outdoor education"
OR "place-based" OR "field-based" OR "school garden"
OR "green schoolyard" OR "forest school" OR "citizen science"
OR "traditional ecological knowledge" OR "TEK")

AND (study OR trial OR experiment OR quasi-experiment OR "mixed-methods"
OR case OR evaluation OR impact OR effectiveness OR efficacy)
AND PUBYEAR > 2020
AND (LIMIT-TO (LANGUAGE, "English"))

And for the Web of Science Core Collection:

TS=("science  education” OR "STEM  education® OR ‘'science teaching")
AND  TS=("nature-based" OR ‘"outdoor Ilearning" OR ‘"outdoor education"
OR "place-based" OR "field-based" OR "school garden"
OR "green schoolyard" OR "forest school" OR "citizen science"
OR "traditional ecological knowledge" OR "TEK")

AND TS=(study OR trial OR experiment OR quasi-experiment OR "mixed-methods"
OR case OR evaluation OR impact OR effectiveness OR efficacy)
AND LA=(English)
AND PY=(2021-2025)

Every search run was carefully documented, this included the date and time of the searches,
the number of results returned, and the export settings used. These details are available in
the search log as part of the project’s data and materials archive.

Record Management and De-duplication
We collected detailed metadata for each study, including information such as the authors,
title, abstract, keywords, year of publication, journal name, DOl or URL, document type,
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author affiliations, countries or regions (when available), open-access status, and citation

counts. To ensure the dataset was clean and non-redundant, we applied a two-step de-

duplication process:

1. DOI Matching: We first standardized DOIs by removing URL prefixes and labels, then
matched records based on these normalized identifiers.

2. Title and Year Matching: For records without DOIs, we normalized titles and publication
years, converting text to lowercase and removing extra spacing to identify duplicates.
When duplicates were found, we kept the version that contained the most complete
metadata. A log of all matched pairs and the retained entries is stored as part of the project

archive for transparency and future reference.

Eligibility Criteria

Inclusion criteria for the review were clearly defined. Studies had to meet the following

conditions:

1. Be empirical in nature whether using quantitative, qualitative, or mixed-methods
approaches and explicitly focus on nature-based instruction (NBI) within science
education, either in formal school settings or school-linked environments.

2. Provide sufficient methodological detail regarding research design, implementation,

measurement tools, and analysis to allow for meaningful extraction and comparison.

Be published in English.

4. Appear in journals ranked in the top two quartiles (Q1 or Q2) at the time of publication,
as determined by Scimago SJR or Clarivate JCR; if the two sources differed, a Q1-Q2
ranking in either was considered acceptable.

5. Open access was preferred to support accessibility and verification, though not
mandatory.

Exclusion criteria included editorials and commentaries without systematic methods,

technical papers on tools or instruments that had not been tested in school or classroom

contexts, studies unrelated to science education, and any publications released prior to 2021.

w

Study Selection (Screening)

The screening process was carried out in two stages, with each stage reviewed independently

by two researchers:

o Level 1 — Title and Abstract Review: At this stage, studies were filtered based on their
relevance to science education and whether they explicitly addressed nature-based
instruction (NBI). Additional filters included evidence of empirical research (such as the
presence of participants, data, or analysis), publication year (2021-2025), and language
(English).

e Level 2 — Full Text Review: In this round, each study was examined in full to ensure it met
the inclusion criteria. This included verifying the study’s methodological detail, confirming
the journal’s quartile ranking, and assessing whether the study aligned with the focus of
the review. Reasons for excluding studies were recorded to ensure transparency.

The initial pool of studies came from SCOPUS and Web of Science exports. These were filtered
by publication year, language, and deduplicated using DOI and title matching. To identify
relevant empirical studies in NBI, keyword heuristics were applied across titles, abstracts, and
keywords.
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Figure 1. PRISMA Flowchart

Quality Appraisal Using the Mixed Methods Appraisal Tool (MMAT)

Appraisal Approach: To assess the quality of studies included in this review, we applied the
Mixed Methods Appraisal Tool (MMAT) to all those that passed the PRISMA screening. Each
study was categorized based on its design (qualitative, randomized quantitative, non-
randomized quantitative, descriptive quantitative, or mixed methods). Because some records
only included abstracts rather than full-text papers, we took a cautious approach: if key
evidence was missing, we marked the study as “Can’t tell,” and if the evidence was limited or
ambiguous, we labelled it “Include with reservations.” These provisional decisions should be
revisited and verified using the full texts before any meta-analytic synthesis.

Summary of MMAT Decisions: Out of the total set of screened studies:

¢ 33 were fully included,

e 25 were included with reservations,

e 80 were excluded.

More detailed breakdowns by MMAT category and decision type are available in the
corresponding table.
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Table 1
MMAT Category Decision n
Mixed methods (5) Include 7
Qualitative (1) Exclude (insufficient reporting) 35
Qualitative (1) Include 9
Qualitative (1) Include with reservations 2
Quantitative descriptive (4) Exclude (insufficient reporting) 40
Quantitative descriptive (4) Include 16
Quantitative descriptive (4) Include with reservations 22
Quantitative non-randomized (3) Exclude (insufficient reporting) 4
Quantitative non-randomized (3) Include 1
Quantitative randomized (2) Exclude (insufficient reporting) 1
Quantitative randomized (2) Include with reservations 1

Methodological Considerations: Studies labelled as “Include with reservations” often had one
or more methodological weaknesses. The most common issues were incomplete reporting on
how consistently the intervention was delivered (fidelity) or how much exposure participants
received (dosage). Others provided limited or no evidence supporting the reliability or validity
of their measurement tools. In the case of randomized studies, many lacked clear information
about how randomization was carried out or whether groups were comparable at the start.
For non-randomized studies, inadequate control for confounding variables was a frequent
concern. These limitations highlight the importance of reviewing full texts carefully before
including such studies in any quantitative synthesis.

Operational Definitions and Coding Scheme

To guide data extraction and ensure consistency, we developed a detailed codebook in

advance, aligning each construct with one of the six research questions (RQ1-RQ6):

e RQ1-Designs & Methods: We categorized the primary research design used in each study
(e.g., randomized experiment, quasi-experiment, mixed-methods, survey, case study,
design-based research, ethnography, action research, or observational study). We also
documented data collection methods such as interviews, observations, pre/post
assessments, Likert scales, concept inventories, performance tasks or artifacts,
observation protocols like RTOP/COPUS, and digital tools like logs or sensors. For analytic
techniques, we recorded methods such as thematic analysis, statistical packages (e.g.,
SPSS, R, AMOS), or structural equation modelling tools like PLS-SEM. We required explicit
evidence of random assignment for a study to be classified as a randomized trial, and for
quasi-experimental designs, a clear pre/post comparison with a control group.

e RQ2 - Pedagogies: We coded for instructional strategies, including outdoor or field-based
inquiry, place- and community-based learning, school gardens and campus micro-sites,
citizen science, forest schools, experiential models, TEK and culturally sustaining
pedagogy, project- or problem-based learning, service learning or stewardship, guided
inquiry with protocol, and Al-supported scaffolding.

e RQ3 — Outcomes & Measures: We tracked the types of outcomes studied, conceptual
understanding, inquiry skills, engagement and motivation, self-efficacy, values and
attitudes, environmental behaviour and stewardship, collaboration and social-emotional
learning (SEL), and data or digital literacy. We also noted the instruments used to assess
these outcomes, such as tests, inventories, Likert scales, interviews, observations,
performance tasks, and analytics or sensor-based data.
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e RQ4 - Contexts: We identified the learning environments (e.g., forests, parks, rivers,
coastal areas, urban green spaces, community gardens, school campuses, or agricultural
settings), the type of delivery (formal, non-formal, or informal education), and the
duration or intensity of the intervention (single-day, unit-length, or longitudinal).

e RQ5 — Levels & Regions: We recorded the educational level targeted (primary, lower or
upper secondary, tertiary/undergraduate, or teacher education (both preservice and in-
service) and geographic region (based on author affiliations or study location, when
available).

e RQ6 — Gaps & Trajectories: We noted whether studies provided evidence of causal
identification, included longitudinal follow-up, reported on fidelity or use of protocols,
used standardized measurement tools, or incorporated Al and analytics.

When labels or classifications were unclear, we referred to detailed examples and justification

notes within the codebook to guide consistent decision-making.

Synthesis and Analysis

We used a convergent integrated synthesis approach to align our analysis with the six

research questions (RQs). This included:

o Descriptive statistics to summarize the frequency and proportion of different research
designs, data collection and analysis methods, pedagogical approaches, measured
outcomes, learning settings, and educational levels. These data were visualized using bar
charts, line graphs, and radar plots.

o Temporal trend analysis (2021-2025) to track shifts over time, such as increased adoption
of mixed-methods designs, emerging methodological combinations, and the growing
presence of Al or learning analytics in the research.

o Cross-tabulations to explore how key variables intersect, for example, how pedagogical
strategies relate to outcome types, how learning settings correspond to different
measurement tools, and how education levels align with study design choices.

e Thematic analysis involved a blend of inductive and deductive coding focused on
methodologically relevant excerpts. This helped identify underlying rationales (e.g., the
pursuit of ecological validity), recurring constraints (e.g., safety or access issues), and
patterns in reporting practices (e.g., fidelity documentation and data governance).

All tables and figures were generated through scripted workflows based on the extracted

dataset, with both inputs and outputs systematically versioned to ensure traceability and

reproducibility.

Findings

This findings includes only the studies that met the quality threshold under the MMAT
screening process, those marked as “Include” or “Include with reservations.” The numbers
presented below reflect how these studies were categorized based on the information
available in their titles, abstracts, and keywords.
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The studies that passed the MMAT quality screen were predominantly qualitative (n = 14) or
used mixed-methods designs (n = 8). A smaller subset employed survey-based approaches (n
= 6), and only two studies used designs with stronger causal inference: one quasi-
experimental and one randomized controlled trial. This distribution is consistent with recent
reviews, which describe the evidence base for nature-based instruction (NBI) as promising
but methodologically varied. Well-powered randomized trials that can rigorously isolate
treatment effects in real-world school settings remain rare (Mann et al., 2022; Vasilaki &
Doulkeridou, 2025).

There are some signs of progress such as the emergence of cluster-randomized trials in early
childhood education (e.g., the PRO-ECO project) but these remain limited in number and are
often concentrated in specific regions (Ramsden et al., 2025). Within this broader
methodological landscape, observations and field notes were the most commonly used forms
of data collection (n = 19), followed by tests or concept inventories (n = 12), and interviews
or focus groups (n = 8). Survey tools (n = 5) and digital or sensor-based methods (n = 1) were
much less frequently used.

In terms of analysis, thematic and content analysis dominated (n = 12), while statistical
approaches like ANOVA, ANCOVA, or regression were used in only a few cases (n = 4). More
advanced techniques such as machine learning or learning analytics appeared only
sporadically (n = 1). These patterns reflect ongoing recommendations in the field to combine
rich, descriptive documentation of learning processes with validated outcome measures and
analytic strategies that account for clustering and potential confounds (Mann et al., 2022;
Vasilaki & Doulkeridou, 2025).

30 -
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28
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5
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2
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Outdoor/Field Place-based School Garden  Citizen Science  TEK/Indigenous iVFT/Virtual Field
Inquiry Education (PBE) Partnerships

Counts

Category

Figure 5. Research Question 2 (RQ2): Pedagogical Approaches

In terms of teaching strategies, the majority of studies focused on outdoor or field-based
inquiry (n = 28) and place-based education (PBE) (n = 16). School gardens were also a frequent
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setting (n = 12), while citizen science projects (n = 5), partnerships involving Traditional
Ecological Knowledge (TEK) or Indigenous communities (n = 2), and immersive virtual field
trips (iVFT/VR) (n = 1) were less commonly used.

Importantly, the literature emphasizes that simply taking learning outside is not enough to
ensure meaningful educational gains. The most effective outcomes occurred when
instructional designs intentionally connected real-world phenomena with core scientific
practices such as measurement, modelling, and argumentation and paired them with aligned
assessment strategies (Mann et al., 2022).

Citizen-science programs were most impactful when students were explicitly taught how to
handle data: including quality control, reasoning under uncertainty, and making evidence-
based claims (Peltoniemi et al., 2023). Similarly, while immersive technologies like virtual field
trips are still emerging, they have shown promise in supporting learning particularly when the
experiences are tightly linked to conceptual goals and include structured opportunities for
reflection (Vasilaki & Doulkeridou, 2025).

Across all instructional formats, one constant appears: ongoing professional development for
teachers, especially in areas like risk management, facilitating inquiry, and formative
assessment is a key factor in successful implementation.
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Figure 6. Research Question 3 (RQ3): Targeted Outcomes

When it comes to learning outcomes, most studies focused on affective dimensions such as
students’ identity, interest, self-efficacy, connection to nature, and overall well-being (n = 21)
followed closely by cognitive outcomes, including academic achievement and content
knowledge (n = 19). Process-related outcomes like scientific practices, data literacy, and
collaboration were less commonly assessed (n = 10), as were behavioural outcomes, such as
actions taken or intentions to act (n = 6). However, both of these areas show signs of
increasing attention in recent work.

Evidence from meta-analyses and large-scale programs suggests that cognitive gains depend
heavily on how well the learning experience is aligned with clear goals and how much

886



INTERNATIONAL JOURNAL OF ACADEMIC RESEARCH IN PROGRESSIVE EDUCATION AND DEVELOPMENT

Vol. 14, No. 4, 2025, E-ISSN: 2226-6348 © 2025

exposure students receive. Affective outcomes while consistently positive, require further
support through behavioural or performance-based measures to confidently claim long-term
impact or transfer (Vasilaki & Doulkeridou, 2025).

Some of the most compelling findings come from multi-site studies involving school gardens.
For instance, the TX Sprouts program showed measurable improvements in academic
performance (e.g., fourth-grade reading) and student diet when the program was
implemented in a sustained and coherent way (Davis et al., 2023). Similarly, a two-year
randomized trial in low-income elementary schools found that increased fruit and vegetable
consumption occurred only when students received ample exposure and the program was
delivered with fidelity (Wells et al., 2022).

These findings underscore the importance of reporting not just outcomes, but also fidelity of
implementation and dosage, to help explain variation in results across studies.
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Figure 8. Research Question 4 (RQ4): Delivery Contexts
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The settings and delivery formats used in these studies largely reflect the practical realities of
implementing nature-based instruction. Most interventions took place in nearby outdoor or
field environments (n = 29) and school gardens (n = 12). Fewer studies were set in river or
watershed areas (n = 6), coastal or marine environments (n = 3), or urban parks and green
spaces (n =1).

In terms of how learning was delivered, the majority of studies were situated within formal
education settings, such as schools or universities (n = 49). However, there was also
meaningful engagement through non-formal (n = 17) and informal (n = 16) educational
programs.

Consistent with findings from randomized trials, the most lasting cognitive and emotional
outcomes were associated with sustained exposure, for example, weekly sessions or
semester-long modules that allowed for ongoing measurement, reflection, and modelling. In
contrast, one-off activities, even when highly engaging, generally resulted in more modest
knowledge gains unless they were part of a broader, coherent learning sequence (Davis et al.,
2023; Wells et al., 2022).

Given this, the field would benefit from standardized reporting on how often and for how
long students are engaged, the structure of inquiry cycles, and contextual factors such as
access to green spaces, safety protocols, and teacher training. Including this kind of detail
would significantly improve both the transferability of findings and the ability to assess cost-
effectiveness (Mann et al., 2022).
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Figure 9. Research Question 5 (RQ5): Educational Levels

Finally, the distribution of studies across different educational levels was fairly balanced.
There was strong representation at both the primary level (n = 23) and secondary level (n =
22), along with a significant number of studies in post-secondary or higher education contexts
(n = 17). While fewer in number, studies focused on early childhood education (n = 4) are
beginning to emerge and show promising growth.
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This pattern aligns with recent reviews, which note that most research in nature-based
instruction has been concentrated in primary and secondary education, with a new and
expanding body of work now focusing on young children particularly in relation to themes like
nature connectedness and well-being (Vasilaki & Doulkeridou, 2025).

Discussion

This systematic review analyzed 58 empirical studies on nature-based instruction (NBI) in
science education, published between 2021 and 2025. The focus was methodological, looking
closely at how researchers designed their studies, what kinds of measures they used, and how
they approached data analysis. The goal wasn’t to summarize the learning outcomes
themselves, but rather to understand broader patterns in how this research is being
conducted: What types of study designs are being chosen, under what circumstances, for
what reasons, and how well are these decisions being documented in ways that support
synthesis, promote equity, and enable thoughtful, responsible scaling?

The outcomes reported in the reviewed studies show a strong emphasis on affective
dimensions such as identity, interest, self-efficacy, connection to nature, and wellbeing
alongside cognitive outcomes like achievement and conceptual understanding. This balance
reflects a more mature theory of change in nature-based instruction: affective engagement
and experiences that resonate with students’ identities are not just side benefits, but often
serve as key drivers of long-term participation in scientific learning.

However, the field still faces challenges in tracking outcomes over time. Many studies rely on
short follow-up periods and self-reported behavioural data, which limits our understanding
of longer-term impacts. Large, multi-site randomized studies offer a promising path forward.
For example, both the TX Sprouts program and a two-year, multi-state randomized trial of
school gardens have shown that consistent exposure, program coherence, and faithful
implementation are strong predictors of student outcomes and help explain differences
between sites (Davis et al., 2023; Wells et al., 2022).

These studies also highlight reporting practices that would benefit the broader field such as
clearly documenting dosage (frequency x duration), adherence to core components, and the
extent of teacher training. These elements are essential for interpreting mixed results and
conducting meaningful cost-effectiveness analyses.

Another important theme that cuts across the literature is the inconsistency in how learning
is measured. Many studies rely on teacher-made tests or custom-designed scales that lack
evidence of reliability or construct validity. This limits the usefulness of their findings,
especially when trying to compare across studies or include them in a meta-analysis. In
contrast, research that pairs validated concept inventories and affective scales with
performance-based tasks such as rubric-scored data notebooks or student-produced
arguments offers both greater depth and better comparability.

Several reviews recommend moving the field toward a “measurement commons”: a shared
set of openly licensed, age-appropriate tools that assess core science concepts, as well as
validated affective measures for constructs like identity, interest, self-efficacy, and nature
connectedness. These tools should be supplemented by transparent rubrics that account for
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reliability and are designed to assess scientific practices and data literacy (Mann et al., 2022;
Vasilaki & Doulkeridou, 2025).

Building such a commons would make it easier to aggregate findings across studies, conduct
more nuanced analyses (e.g., comparing by setting, grade level, or program duration), and
support better-informed planning for large-scale studies, including those using cluster-
randomized designs.

The locations and types of institutions represented in the studies mostly formal school
settings using nearby outdoor spaces or school garden that closely reflect the logistical and
policy constraints that real-world schools face. Encouragingly, some of the strongest research
designs are emerging in early childhood education (Ramsden et al., 2025), showing that it is
entirely feasible to run rigorous trials when ethical considerations are carefully addressed and
randomization is done at the classroom level. Similar investments in underrepresented
regions would not only strengthen the generalizability of findings but also promote greater
equity in the field.

Taken together, these findings point to several clear priorities for future research.

First, the field needs to deepen its use of causal designs. This means expanding the use of pre-
registered cluster-randomized trials and, where randomization isn’t possible, employing
strong quasi-experimental alternatives such as regression discontinuity or synthetic control
methods. These studies should include pre-study power calculations, use appropriate
statistical techniques (like multilevel models or cluster-robust estimators) to handle data
clustering, and transparently report issues like attrition and missing data (Ramsden et al.,
2025).

Second, the community would benefit from collaboratively developing a shared set of
measurement tools. This could include age-specific concept inventories, validated scales for
affective constructs (like interest, identity, and self-efficacy), and well-documented rubrics for
assessing process outcomes. Having common tools would reduce variability across studies,
make it easier to combine findings through meta-analysis, and speed up the development of
a cohesive theory base (Vasilaki & Doulkeridou, 2025; Mann et al., 2022).

Third, implementation science should become standard practice in this research area. Studies
should routinely include tools like fidelity checklists, logs of teacher professional
development, and records of student exposure and go beyond description by analyzing how
these variables influence outcomes. Findings from garden-based RCTs show that this kind of
implementation data isn’t just background detail, it actively predicts which programs work
and why (Davis et al., 2023; Wells et al., 2022).

Fourth, the field should thoughtfully expand both the scope and delivery methods of nature-
based instruction. For example, citizen science programs should clearly define the data
literacy skills they aim to teach, design tasks and assessments to match those goals, and
document how students engage with the process, including the quality and accuracy of their
data workflows (Peltoniemi et al., 2023).
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Emerging technologies like immersive virtual field trips (iVFT) and virtual reality (VR) offer
exciting possibilities for increasing access and giving students more frequent practice.
However, these tools must be evaluated with the same level of rigor as in-person outdoor
learning. This includes using standardized outcomes, clear analysis plans, and designs that
account for the fact that learning happens in complex, often clustered environments (Vasilaki
& Doulkeridou, 2025).

Fifth, the principles of equity and local relevance need to move beyond good intentions and
become central to the design of studies. Research partnerships in Africa, Latin America, and
other underrepresented regions should be supported with shared tools, phenomena that
reflect local contexts, and strong professional development networks for teachers. This will
allow researchers to examine how cultural, ecological, and infrastructural differences
influence outcomes (Mann et al., 2022).

Finally, as tools like learning analytics and lightweight Al start to appear in outdoor learning
such as using image recognition for biodiversity logs or natural language processing (NLP) for
analyzing field notes and it’s essential to build in ethical safeguards. That means adopting
privacy-by-design frameworks, conducting regular bias audits, and documenting how the
models work. Most importantly, researchers should evaluate whether these technologies
support rather than replace the vital role of teachers and facilitators in guiding scientific
practice.

In summary, this review reinforces that nature-based instruction (NBI) is not just about
changing the setting, it represents a deeper shift in how science is taught and learned. When
instructional approaches are thoughtfully designed to connect real-world phenomena with
hands-on, data-rich inquiry, and when assessments are clearly aligned with the skills and
understandings being targeted, students show meaningful progress, progress that is
increasingly measurable and backed by evidence.

What the field needs now is a coordinated methodological effort: stronger approaches to
identifying causal effects, shared tools for measuring learning, greater transparency around
how programs are implemented, and a broader, more equitable inclusion of regions and
communities that have historically been underrepresented.

Taken together, these steps will help turn promising results into reliable, transferable
knowledge about what works, for whom, and under what conditions NBI can make the biggest
impact in science education (Mann et al., 2022; Vasilaki & Doulkeridou, 2025; Ramsden et al.,
2025; Davis et al., 2023; Wells et al., 2022; Peltoniemi et al., 2023).

Conclusion

This review brings together peer-reviewed research on nature-based instruction (NBI) in
science education from 2021 to 2025. The evidence reveals a field that is pedagogically rich
but methodologically inconsistent. Most studies rely on qualitative or mixed-methods
designs, often grounded in extensive use of observations and field notes. Only a small number
of studies primarily quasi-experimental and randomized trials which offer stronger causal
insight into NBI’s effects. This imbalance does not undermine the value of qualitative work,
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but it highlights the need for a broader mix of rigorous designs to build a more robust
evidence base.

Instructionally, the most effective approaches go far beyond simply holding lessons outdoors.
Successful programs deliberately integrate local phenomena with core scientific concepts and
authentic practices such as data collection, modelling, analysis, and scientific argumentation.
These approaches are most commonly implemented in place-based settings and school
garden environments, where real-world relevance is tightly connected to the curriculum.

In terms of learning outcomes, most studies focus on affective domains including identity,
interest, self-efficacy, nature connectedness, and wellbeing as well as cognitive outcomes like
achievement and conceptual understanding. Attention to process-oriented outcomes, such
as data literacy and scientific reasoning, is increasing but still limited. Similarly, few studies
explore behavioural indicators of learning. What is clear, is that sustained exposure and
fidelity to program design strongly influence student outcomes. Yet, reporting on key factors
like program dosage, teacher professional development, and implementation integrity
remains inconsistent across the literature.

This review contributes to the field in three meaningful ways. First, it offers a quality-filtered
overview of research designs, pedagogical approaches, outcomes, and contexts which helping
to clarify where evidence is accumulating and where it is still lacking. Second, it proposes a
clear agenda for strengthening measurement and reporting. This includes the use of validated
tools for cognitive and affective constructs, well-constructed rubrics for assessing practices
like modelling or argumentation, and standardized reporting of implementation variables
such as frequency, duration, and teacher support. Third, it identifies the conditions under
which NBI is most effective namely, when learners engage in sustained inquiry, participate in
data-rich tasks, and receive formative feedback in field or simulation-based environments.

Of course, this review has its limitations. The wide variation in assessment tools used across
studies made it difficult to compare outcomes directly or synthesize findings quantitatively.
Additionally, there is a noticeable geographic skew: most studies were conducted in Europe
or North America, with limited representation from the Global South or Indigenous
communities.

To address these gaps, future work should take four important directions. First, the field
should expand the use of pre-registered, cluster-randomized trials and high-quality quasi-
experimental designs, using multilevel analysis to account for complex learning settings.
Second, researchers should work together to create a shared “measurement commons” a
suite of open-access, age-specific tools and rubrics that promote consistency and enable
credible cross-study comparisons. Third, implementation science should become standard
practice: studies need to report fidelity, dosage, and teacher development, and examine how
these variables affect learning outcomes. Finally, the field must prioritize equity and
contextual diversity by investing in partnerships, replications, and locally grounded work in
underrepresented regions.

892



INTERNATIONAL JOURNAL OF ACADEMIC RESEARCH IN PROGRESSIVE EDUCATION AND DEVELOPMENT

Vol. 14, No. 4, 2025, E-ISSN: 2226-6348 © 2025

Together, these steps can turn isolated promising findings into reliable, transferable
knowledge about how nature-based instruction works, for whom it is most effective, and
under what conditions it produces the greatest benefits for science education.
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