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Abstract

This systematic literature review examines the integration of deep learning technologies and nature-based
learning (NBL) in fostering creativity in early childhood education. While both approaches have been widely
studied independently, their combined potential remains underexplored, representing a significant gap in the
literature. Guided by the PRISMA 2020 framework, this study identified 559 records published between 2014
and 2024 from major academic databases. After a rigorous screening and eligibility process, nine studies were
included in the final thematic synthesis. The findings reveal a clear imbalance in the current research
landscape. Nature-based learning consistently demonstrates strong contributions to creativity through
exploratory play, multisensory engagement, and child-led inquiry, while deep learning technologies are
primarily applied for assessment, personalization, and adaptive instruction, with limited focus on creativity
development. Moreover, evidence of integration between these two domains remains scarce, with no
established conceptual or empirical framework guiding their combined use. This review highlights three
critical gaps: the absence of integrative pedagogical models, the concentration of studies in developed
contexts, and the lack of validated creativity-specific assessment tools for young children. The study
contributes by proposing an integrative perspective that positions deep learning as a supportive analytic tool
within experiential, nature-based environments. Future research should focus on developing context-
sensitive, ethically grounded, and pedagogically aligned models that enhance -creativity without
compromising children’s agency, imagination, and interaction with the natural world.
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INTRODUCTION

Creativity has been increasingly recognized as a core competency in early childhood
education, underpinning children’s capacity for divergent thinking, problem-solving, and
adaptive learning in complex and uncertain environments. Contemporary educational
frameworks emphasize creativity not merely as artistic expression but as a fundamental
cognitive process essential for lifelong learning and innovation. However, recent studies
suggest that the development of creativity in early childhood remains inconsistent and highly
sensitive to contextual factors, including learning environments, pedagogical approaches, and
socio-emotional conditions (Leggett, 2024; Verger et al., 2024) . This issue is particularly
critical given that early childhood represents a foundational period for cognitive development,
during which creative thinking begins to interact with emerging executive functions such as
cognitive flexibility, working memory, and self-regulation.

Despite its importance, opportunities for fostering creativity in early childhood settings
are often constrained by increasingly structured and outcome-oriented educational practices.
Such approaches may limit children’s exploratory behaviors, imagination, and agency, which
are essential components of creative development. Recent empirical evidence highlights that
creativity in young children is shaped by complex interactions between cognitive, emotional,
and environmental factors, rather than being a singular or isolated construct (Vaisarova, 2024)
.In particular, the relationship between creativity and executive function remains nuanced and
context-dependent, suggesting that creativity development requires learning environments
that support flexibility, exploration, and meaningful engagement rather than rigid instruction.

In response to these challenges, nature-based learning (NBL) has emerged as a
promising pedagogical approach that emphasizes direct interaction with natural
environments. NBL facilitates multisensory engagement, experiential learning, and child-led
inquiry, all of which are strongly associated with the development of creativity and holistic
child development (Nurjanah et al., 2024) . By providing authentic and open-ended learning
experiences, nature-based environments enable children to construct knowledge through
exploration and imagination. However, while the benefits of NBL are well-documented, its
implementation often lacks systematic assessment and scalability, particularly in formal
education systems.

Concurrently, rapid advancements in artificial intelligence have introduced new
possibilities for data-driven learning in education. In this study, deep learning refers
specifically to a subset of artificial intelligence techniques that utilize neural networks to
analyze complex patterns in large datasets for purposes such as learning analytics, adaptive
instruction, and personalized feedback. Within early childhood education, these technologies
have primarily been applied to monitoring learning progress and supporting individualized
instruction. Although such applications demonstrate significant potential, current research
indicates that the use of deep learning technologies remains largely focused on assessment and
optimization, with limited attention to their role in fostering creativity or supporting
exploratory learning processes.

A critical issue emerging from the literature is the fragmentation between experiential,
nature-based pedagogies and data-driven technological approaches. Existing studies tend to
examine nature-based learning and deep learning technologies independently, resulting in a
lack of integrative frameworks that bridge ecological learning environments with intelligent
systems. This gap is evident at three levels: (1) conceptually, there is limited theoretical
integration between experiential learning and artificial intelligence in early childhood
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contexts; (2) methodologically, empirical studies rarely examine how these approaches
interact in supporting creativity; and (3) contextually, most research is concentrated in
specific regions, limiting its applicability across diverse socio-cultural settings.

Addressing this gap is essential, as the integration of nature-based learning and deep
learning technologies may offer a more holistic approach to supporting creativity in early
childhood. By combining rich, experiential environments with data-informed insights,
educators may be better equipped to design responsive and adaptive learning experiences that
preserve children’s agency while enhancing pedagogical decision-making. Therefore, this
study aims to systematically review literature published between 2014 and 2024 to examine
how nature-based learning and deep learning have been conceptualized, implemented, and
potentially integrated in fostering early childhood creativity.

This study contributes to the field in three ways. First, it synthesizes fragmented
research on nature-based learning and deep learning within a unified analytical framework.
Second, it identifies conceptual, methodological, and contextual gaps that limit current
understanding of creativity development in early childhood. Third, it proposes an integrative
perspective that informs future research and supports the development of pedagogically
aligned and ethically grounded models of technology-enhanced learning. To guide this
systematic review, four research questions are formulated: (1) How have research
trends on early childhood creativity within nature-based learning evolved over the past
decade (2014-2024)? (2) How has deep learning been applied in early childhood education,
particularly to support creativity development? (3) What forms of integration exist between
nature-based learning and deep learning technologies in enhancing early childhood creativity?
(4) What are the research gaps related to the development of creativity in early childhood
through nature-based and deep learning approaches?

LITERATURE REVIEW
Creativity in Early Childhood Education

Creativity in early childhood is increasingly conceptualized as a multidimensional
construct encompassing cognitive, socio-emotional, and environmental dimensions. Recent
systematic reviews highlight that creativity is closely linked to children’s ability to engage in
divergent thinking, exploratory play, and adaptive problem-solving, all of which are shaped by
contextual learning experiences (Xu et al., 2025) . In early childhood settings, creativity is not
solely an individual trait but emerges through dynamic interactions between the child and
their environment, including pedagogical practices, social interactions, and material
affordances.

Moreover, contemporary research emphasizes the strong relationship between
creativity and executive functions, particularly cognitive flexibility and self-regulation. These
cognitive processes enable children to generate novel ideas, shift perspectives, and sustain
engagement in open-ended tasks. However, empirical findings indicate that creativity
development is highly sensitive to environmental conditions, suggesting that structured and
teacher-directed instruction may constrain children’s creative potential. As a result, there is
growing consensus that fostering creativity requires learning environments that prioritize
autonomy, exploration, and experiential engagement.

Nature-Based Learning and Creativity Development

Nature-based learning (NBL) has emerged as a significant pedagogical approach that
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supports creativity through experiential, multisensory, and child-centered learning processes.
A growing body of systematic reviews demonstrates that exposure to natural environments
enhances children’s cognitive, social, and emotional development, including creativity-related
outcomes such as imagination, exploratory behavior, and flexible thinking (Johnstone et al.,
2022). These findings suggest that natural environments provide rich and dynamic affordances
that stimulate diverse forms of play, including imaginative, risky, and collaborative play.

In addition, nature-based learning has been shown to facilitate holistic development by
integrating physical activity, emotional regulation, and environmental awareness. Outdoor
learning environments encourage children to interact with complex and unpredictable stimuli,
which in turn fosters creative problem-solving and adaptive thinking (Kiviranta et al., 2024) .
Importantly, qualitative evidence indicates that creativity in nature-based settings often
emerges through child-led inquiry and spontaneous exploration, rather than structured
instructional activities.

Despite these benefits, the implementation of NBL faces several challenges. Systematic
reviews highlight the lack of standardized definitions, inconsistent methodological
approaches, and limited high-quality empirical evidence, particularly in early childhood
contexts (Miller et al., 2021). Furthermore, research remains geographically concentrated,
with limited representation from diverse socio-cultural settings, thereby restricting the
generalizability of findings. These limitations indicate the need for more robust and context-
sensitive research designs to better understand the mechanisms through which NBL supports
creativity.

Deep Learning Technologies in Early Childhood Education

Advances in artificial intelligence have introduced new possibilities for enhancing
learning processes through data-driven approaches. In the context of education, deep learning
refers to machine learning models, particularly neural networks, that analyze large datasets to
identify patterns, predict learning outcomes, and support adaptive instruction (Zawacki-
Richter et al., 2019; Aravantinos et al.,, 2024). In early childhood education, these technologies
have been increasingly applied in areas such as learning analytics, personalized feedback, and
assessment systems, enabling more precise monitoring of children’s developmental
trajectories (Chen et al., 2022; Holmes & Tuomi, 2022).

Current literature suggests that deep learning technologies offer significant potential for
improving the efficiency and responsiveness of educational practices. By capturing real-time
data on children’s learning behaviors, these systems enable educators to tailor instruction to
individual needs and monitor developmental progress more effectively. However, existing
research indicates that the application of deep learning in early childhood education remains
largely instrumental, focusing on assessment and optimization rather than on fostering higher-
order cognitive processes such as creativity (Aravantinos et al., 2024; Holmes et al., 2021).

A critical limitation in this area is the lack of pedagogical alignment between
technological tools and developmentally appropriate practices. Early childhood learning is
inherently play-based, exploratory, and relational, whereas many deep learning applications
are designed for structured and measurable learning outcomes. This mismatch raises
important questions about how artificial intelligence can be integrated into early childhood
education without compromising children’s agency, imagination, and social interaction
(UNESCO, 2021; Holmes et al., 2022).
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Toward an Integrative Framework: Bridging Nature-Based Learning and Deep Learning

Nature-based learning (NBL) has emerged as a significant pedagogical approach that
supports creativity through experiential, multisensory, and child-centered learning processes.
A growing body of systematic reviews demonstrates that exposure to natural environments
enhances children’s cognitive, social, and emotional development, including creativity-related
outcomes such as imagination, exploratory behavior, and flexible thinking (Johnstone et al.,
2022). These findings suggest that natural environments provide rich and dynamic affordances
that stimulate diverse forms of play, including imaginative, risky, and collaborative play.

Recent empirical and review-based studies further emphasize that the design and quality
of outdoor environments play a crucial role in shaping children’s learning experiences. For
instance, Craig et al. (2024) highlight that effective nature-based outdoor play and learning
environments require intentional design elements, such as sensory-rich materials,
opportunities for construction and manipulation, and integration of natural features, to
support holistic development in early childhood. Importantly, their study reveals a significant
lack of standardized guidelines and assessment frameworks for designing such environments,
particularly for younger children, indicating a critical gap in the literature.

In addition, recent research underscores that the successful implementation of nature-
based learning is influenced by systemic and contextual factors. Traynor et al. (2025) identify
key enabling conditions including policy support, leadership, resource availability, and teacher
capacity, that determine the extent to which outdoor learning becomes embedded in early
childhood education practices. These findings suggest that while NBL has strong
developmental benefits, its effectiveness depends on broader institutional and ecological
systems that support sustained implementation. Furthermore, meta-level syntheses indicate
that nature-based interventions consistently contribute to children’s well-being, cognitive
engagement, and creative expression, yet remain methodologically fragmented. Kaleta et al.
(2025) argue that despite the growing number of studies, the field lacks integrative
frameworks and consistent evaluation methods, particularly in linking environmental
affordances with specific developmental outcomes such as creativity. This reinforces the need
for more theoretically grounded and methodologically robust research to better understand
how nature-based experiences translate into creative competencies.

RESEARCH METHOD

This study employed a Systematic Literature Review (SLR) approach to identify, evaluate, and
synthesize previous studies relevant to the development of early childhood creativity through
the integration of deep learning and nature-based learning approaches. The SLR method was
selected because it enables researchers to obtain a comprehensive and evidence-based
understanding of research trends, contributions, and gaps within a specific field (Page et al,,
2021; Snyder, 2019).

Data Sources and Search Strategy

Data were collected from reputable international journals indexed in Scopus, Web of Science,
SpringerLink, ScienceDirect, ERIC, and Google Scholar. The search was performed using
specific keywords and Boolean operators to ensure comprehensive coverage of relevant
studies. Table 1 presents the data sources and search strategy applied in this SLR.
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Table 1. Data Sources and Literature Search Strategy

Aspect Description

Type of Data Peer-reviewed international journals

Source

Databases Used  Scopus, Web of Science, SpringerLink, ScienceDirect, ERIC, Google Scholar

Search “early childhood creativity”; “deep learning in early childhood education”;

Keywords “nature-based learning” OR “outdoor learning”; “Al and creativity in young
children”; “environment-based education AND creativity”

Boolean (“deep learning” AND “creativity” AND “early childhood”)

Combination

Publication 2014 - 2024

Year Range

Language English

Access Type Full-text articles

Inclusion and Exclusion Criteria

To ensure the relevance and quality of the selected studies, a systematic inclusion-exclusion
process was applied. Only articles that met specific criteria, such as clear methodology, full-text
availability, and relevance to early childhood creativity, were included. Table 2 summarizes the
inclusion and exclusion criteria.

Table 2. Inclusion and Exclusion Criteria

Aspect Inclusion Criteria Exclusion Criteria
Publication Peer-reviewed empirical or review Non-scholarly works (blogs, policy
Type journal articles reports, unindexed proceedings)
Publication 2014-2024 Before 2014
Year
Language English Non-English
Research Children aged 3-8 years in educational Elementary, secondary, or higher
Subject contexts education subjects
Main Topic Early childhood creativity, nature-based Studies unrelated to these three

learning, or deep learning in education

topics

Article Access

Full-text accessible

Abstract only or restricted access

Methodology

Clear and replicable research method

Method not explicitly described

Study Quality

Theoretical or empirical contribution to
creativity development

No significant contribution to

creativity development

Screening and Analysis Process

The article selection process followed the PRISMA (Preferred Reporting Items for Systematic
Reviews Meta-Analyses) framework, encompassing main  stages:
(1) Identification, (2) Screening, (3) Eligibility checking, (4) Inclusion.
Only studies meeting all inclusion criteria proceeded to the data extraction and thematic
synthesis stages. Each selected article was coded according to eight analytical categories:
(1) Title and author(s); (2) Year and publication source; (3) Research objectives;
(4) Method and sample; (5) Thematic focus (deep learning/nature-based/creativity);
(6) Main findings; (7) Educational implications; and (8) Identified research gaps. The extracted
data were then analyzed using thematic analysis to identify recurring patterns, conceptual
trends, and research gaps across studies (Nowell et al., 2017; Braun & Clarke, 2019). This
process included open coding, data categorization, and narrative synthesis to construct a
conceptual understanding of how deep learning and nature-based approaches have been
discussed in early childhood creativity literature.

and four

and
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Analytical Approach

Data analysis was conducted iteratively and inductively, involving repeated reading of the
articles, highlighting relevant sections, and grouping findings into major themes such as, the
influence of nature-based learning on creativity, the use of artificial intelligence in early
childhood education, and integrative models combining technology and contextual learning.
Comparative analysis among studies allowed the identification of methodological variations,
consistencies, and underexplored areas. The final stage involved synthesizing these themes to
propose a conceptual integrative framework bridging nature-based pedagogy and intelligent
technologies in supporting early childhood creativity. This method was chosen for its
effectiveness in synthesizing interdisciplinary literature, especially on topics combining
technology and naturalistic pedagogy. Thematic synthesis has also been recommended for
handling heterogeneous studies in design and context (Siddaway, Wood, & Hedges, 2019).

Quality Appraisal

A structured quality appraisal was planned to support interpretation of evidence strength. For
empirical studies, appraisal criteria can be applied using an established mixed-methods tool
(for example, the Mixed Methods Appraisal Tool) to examine sampling adequacy, measurement
quality, risk of bias, and clarity of analysis. Quality ratings should be reported and used to
contextualize conclusions, rather than to exclude studies by default. For review-type articles,
appraisal criteria should focus on transparency of search, selection, and synthesis procedures.
The final manuscript should report the appraisal procedure, the number of reviewers involved,
and a summary of quality judgments.

RESULTS AND DISCUSSION
Results

This section presents the findings of the Systematic Literature Review (SLR) and
discusses their implications in relation to the integration of deep learning and nature-based
learning in promoting creativity among early childhood learners. The results are organized
according to the four research questions (RQ1-RQ4), supported by critical comparison with
previous studies. To ensure transparency and traceability of the literature selection process,
the PRISMA 2020 framework was applied. A total of 559 records were identified across
sources. After removing 90 duplicates, 469 records were screened by title and abstract. A total
of 370 records were excluded as off-topic, leaving 99 reports for full-text eligibility assessment.
Of these, 90 reports were excluded for reasons such as non-ECE populations, lack of relevance
to creativity, non-empirical commentary, or insufficient methodological detail. Finally, nine
studies met all inclusion criteria and were included in the thematic synthesis.

Figure 1 illustrates the systematic literature selection process guided by the PRISMA
2020 framework. The figure details each stage of the review, including identification,
screening, eligibility, and inclusion, providing a transparent account of how the initial pool of
studies was progressively refined. Through a rigorous filtering process involving duplicate
removal, relevance screening, and application of inclusion and exclusion criteria, a final set of
studies was selected for analysis. This procedure enhances the credibility and replicability of
the review by ensuring that only methodologically sound and contextually relevant studies
were included.
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Identification of new studies via databases and registers
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theme of early childhood creativity (n = NA)
New studies included in review
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% Reports of new included studies
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Figure 1. PRISMA Flow Diagram of Article Selection

Figure 1 illustrates the systematic study selection process following the PRISMA 2020
framework. The initial search across multiple sources yielded a total of 559 records,
comprising 300 from Google Scholar, 120 from Scopus, 100 from ResearchGate, and 39 from
other registers. Prior to screening, a substantial number of records (n = 560) were removed
due to duplication (n = 90) and automatic filtering as ineligible (n = 470), resulting in 99
records that proceeded to the screening stage.

During the screening phase, titles and abstracts were evaluated based on relevance to
the research focus, leading to the exclusion of 470 records. Subsequently, 40 full-text articles
were sought for retrieval; however, 25 reports could not be accessed, leaving 25 studies for
eligibility assessment. At the eligibility stage, studies were further evaluated using predefined
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inclusion and exclusion criteria, including publication type, language, methodological clarity,
and relevance to early childhood creativity, nature-based learning, and deep learning.

Following this rigorous selection process, a final set of nine studies was included in the
qualitative synthesis. The relatively small number of included studies indicates that, despite a
broad initial pool of literature, only a limited body of research directly addresses the
intersection of nature-based learning, deep learning technologies, and early childhood
creativity. This finding highlights a significant gap in the literature and underscores the need
for more integrative and empirically grounded research in this emerging field.

Table 3 presents the characteristics and key findings of the nine core studies included
in this systematic literature review. The table provides a structured overview of each study’s
context, methodological approach, research focus aligned with the four research questions
(RQ1-RQ4), and principal findings related to early childhood creativity, nature-based learning
(NBL), and deep learning technologies. By synthesizing evidence across diverse geographical
contexts and research designs, this table serves as a foundation for identifying dominant
trends, methodological patterns, and critical gaps in the current body of knowledge.
Furthermore, it enables a comparative understanding of how different approaches,
experiential and technology-driven, have been explored and to what extent they contribute to
the development of creativity in early childhood education.

Table 3. Characteristics of Included Studies (n = 9)

No Author(s) Year Country Method Focus Key Findings
(RQ)
1 Johnstone et 2022 Multi- Mixed- RQ1 NBL enhances creativity via
al. country method SLR exploration, play, and
multisensory engagement
2 Kiviranta et 2024 Finland Systematic RQ1 Outdoor learning improves
al. review creativity and self-
regulation
3 Miller et al. 2021 Global Quantitative RQ1 Strong evidence of NBL
SLR impact on cognitive &
creative outcomes
4 Craig et al. 2024 Global Review RQ1 Design of natural
environments influences
creativity
5 Traynoretal. 2025 UK Quasi- RQ1/RQ4 Implementation depends
experimental on institutional & policy
support
6 Aravantinos 2024 Global Systematic RQ2 Al used for assessment, not
etal. review creativity
7 Chen et al. 2022 Global Review RQ2 Al supports adaptive
learning but lacks creative
focus
8 Holmes & 2022 Europe Review RQ2/RQ4 Al lacks pedagogical
Tuomi alignment in early
childhood
9 Kaleta et al. 2025 Global Review of RQ3/RQ4 No integrative framework
reviews linking NBL and Al

The data presented in Table 3 reveal several important patterns across the nine core
studies. First, there is a clear dominance of research focusing on nature-based learning (RQ1),
with five out of nine studies emphasizing its role in enhancing creativity. These studies
consistently demonstrate that natural environments support creativity through exploratory
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play, multisensory engagement, and child-led inquiry. Moreover, evidence from both
systematic reviews and empirical studies suggests that nature-based learning not only fosters
creative thinking but also contributes to broader developmental domains such as self-
regulation and socio-emotional competence. This indicates a strong and well-established
evidence base for the role of ecological and experiential learning environments in early
childhood creativity.

Second, studies addressing deep learning and artificial intelligence in early childhood
education (RQ2) are fewer and reveal a markedly different pattern. The findings consistently
show that Al technologies are primarily used for assessment, adaptive instruction, and
monitoring learning progress, rather than for directly fostering creativity. This suggests that
current applications of deep learning remain largely instrumental and efficiency-oriented.
Importantly, the absence of creativity-focused Al applications highlights a conceptual
limitation in how technology is positioned within early childhood education, favoring
measurable outcomes over open-ended, exploratory processes.

Third, the integration of nature-based learning and deep learning (RQ3) appears to be
highly limited. Only one study (Kaleta et al., 2025) explicitly addresses this intersection, and
even then, it emphasizes the absence of an integrative framework. This finding confirms that
the potential synergy between ecological learning environments and intelligent systems
remains largely underexplored. As a result, current research does not yet provide sufficient
empirical or theoretical grounding for understanding how these two domains can be effectively
combined to support creativity.

Finally, several cross-cutting gaps (RQ4) emerge from the synthesis. These include the
lack of pedagogical alignment between Al technologies and developmentally appropriate
practices, the strong concentration of studies in developed contexts, and the absence of
validated, creativity-specific assessment tools. Additionally, the methodological distribution
shows a dominance of review-based studies, with relatively limited experimental or
longitudinal research, indicating a need for more robust empirical evidence.

Overall, the data suggest a fragmented research landscape characterized by a strong
foundation in nature-based learning, a rapidly developing but narrowly applied use of artificial
intelligence, and a critical lack of integrative approaches. This imbalance underscores the need
for interdisciplinary frameworks that bridge experiential and data-driven learning paradigms,
while maintaining a focus on creativity as a central outcome in early childhood education.

Table 4 synthesizes the main findings of the reviewed studies in relation to the four
research questions, providing a comparative overview of trends, applications, and research
gaps in the literature. The table reveals a clear imbalance in the current body of knowledge,
with substantial attention given to nature-based learning and its impact on creativity, while
the application of deep learning technologies remains largely limited to assessment and
optimization purposes. Moreover, the integration of these two domains appears to be in its
early stages, with only a small number of studies exploring their potential synergy. This
synthesis not only highlights the fragmented nature of existing research but also underscores
the need for more integrative, context-sensitive, and creativity-focused approaches in early
childhood education.

10
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Table 4. Synthesized Findings Across Research Questions

Research Question

Synthesized Findings

RQ1: Trends in
Nature-Based
Learning and
Creativity

The majority of reviewed studies (5 out of 9) consistently demonstrate that
nature-based learning enhances early childhood creativity through
exploratory play, multisensory engagement, and child-led inquiry. These
approaches are also linked to broader developmental outcomes, including
self-regulation and socio-emotional competence, indicating a strong and well-
established evidence base.

RQ2: Application of
Deep Learning in
Early Childhood

A smaller subset of studies (3 out of 9) shows that deep learning technologies
are primarily applied in assessment, adaptive learning, and personalized
feedback systems. However, their direct contribution to creativity

Education development remains limited, with most applications focusing on efficiency
and measurable learning outcomes rather than open-ended creative
processes.

Only one study explicitly addresses the integration of deep learning and
nature-based learning, highlighting the absence of a coherent conceptual or
empirical framework. Existing evidence suggests potential synergy through
smart learning environments, but this area remains underexplored and
fragmented.

The synthesis identifies three major gaps: (1) lack of integrative frameworks
combining ecological and technological approaches, (2) dominance of studies
conducted in developed contexts, limiting generalizability, and (3) absence of
validated, creativity-specific assessment tools in early childhood education.

RQ3: Integration of
Deep Learning and
Nature-Based
Learning

RQ4: Research Gaps

Discussion

This section critically interprets the findings of the systematic literature review by
examining how current research addresses the intersection of nature-based learning, deep
learning technologies, and early childhood creativity. Moving beyond descriptive reporting, the
discussion synthesizes evidence across studies to identify dominant trends, conceptual
tensions, and unresolved challenges within the field. The findings reveal a persistent imbalance
between experiential and technology-driven approaches, with nature-based learning strongly
associated with creativity development, while deep learning technologies remain largely
confined to assessment and optimization functions. This divergence highlights a fundamental
gap in the literature, where the potential synergy between ecological learning environments
and intelligent systems remains underdeveloped. By situating these findings within broader
pedagogical and technological discourses, this section argues for the need to move toward
integrative, context-sensitive, and creativity-oriented models of early childhood education.

RQ1: Trends in Nature-Based Learning and Early Childhood Creativity

The findings indicate that nature-based learning has become one of the most consistently
discussed approaches in the literature on early childhood creativity. Across recent studies, nature-
based learning is increasingly conceptualized not merely as outdoor activity, but as a holistic
pedagogical environment that offers open-ended, sensory-rich, and socially interactive
experiences. This is significant because creativity in early childhood is strongly shaped by
opportunities for exploration, imagination, risk-taking, and flexible thinking. Contemporary
evidence shows that participation in nature-based programs is associated with gains in children’s
creativity, engagement, and overall developmental outcomes, reinforcing the idea that natural
environments provide meaningful affordances for learning beyond formal instruction (Dankiw et

al,, 2020). A key shift in the literature is the reconceptualization of nature from a passive “setting”
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into an active pedagogical resource that supports inquiry, experimentation, and meaning-making
through play.

Natural elements such as outdoor spaces, weather variation, vegetation, water, and loose
parts create dynamic and unpredictable learning conditions that are highly conducive to creative
thinking. These environments encourage children to generate multiple ideas, test hypotheses, and
construct knowledge through direct interaction with their surroundings. Research suggests that
such experiential learning contexts are closely linked to improvements in executive functioning and
creative problem-solving, particularly when children are given autonomy and time for exploration
(Chawla, 2020). Moreover, creativity appears to be fostered indirectly through the development of
self-regulation, socio-emotional competence, and cognitive flexibility. Children engaged in nature-
based activities often encounter collaborative and uncertain situations that require negotiation,
emotional control, and adaptive thinking, which are foundational processes for creativity
development.

Despite these strengths, the literature also highlights several limitations and areas for
further investigation. Recent studies emphasize that simply providing outdoor exposure is
insufficient; rather, creativity is more effectively supported through intentionally designed nature-
based environments that incorporate sensory diversity, opportunities for experimentation, and
flexible, child-led learning structures (Mygind et al., 2021). In addition, many studies continue to
treat creativity as a secondary or inferred outcome, relying on proxies such as engagement or
problem-solving instead of validated creativity-specific measures. There is also a notable
concentration of research in regions with established outdoor learning traditions, which limits
generalizability across diverse cultural and educational contexts. Overall, while nature-based
learning represents a strong and well-supported foundation for fostering creativity in early
childhood, future research should prioritize more rigorous assessment methods, clearer
pedagogical frameworks, and broader contextual representation to deepen understanding of its
impact.

RQ2: Application of Deep Learning in Early Childhood Education

The findings indicate that the application of deep learning and broader Al-based
technologies in early childhood education remains emerging, fragmented, and relatively narrow in
purpose. Current studies suggest that Al in early childhood contexts is more frequently introduced
through Al literacy, robotics, machine learning exploration, and adaptive digital tools rather than
through direct creativity-oriented deep learning systems. Su and Yang (2022) show that Al
applications in early childhood education are still at an early stage, with most studies focusing on
children’s understanding of Al concepts, computational thinking, robotics, and digital interaction
rather than creativity as a primary developmental outcome. Similarly, Yang (2022) argues that Al
education for young children requires age-appropriate, embodied, and culturally responsive
curriculum design, indicating that the pedagogical framing of Al remains more developed than its
use as a creativity-enhancement mechanism.

A deeper analysis suggests that Al-based learning in early childhood is still largely
instrumental. It is commonly used to support assessment, personalization, engagement, and
inquiry-based interaction, but not yet to cultivate open-ended creativity in a systematic way. For
example, Vartiainen et al. (2020) demonstrate that very young children can meaningfully explore
machine learning through tools such as Teachable Machine, but the focus is mainly on
understanding how machine learning works rather than using it to expand creative expression.
Kewalramani et al. (2021) further show that Al-interfaced robotic toys can support children’s
inquiry literacy, including creative, emotional, and collaborative inquiry; however, such
applications depend heavily on teacher mediation, play-based pedagogy, and dialogic interaction.
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This suggests that Al does not automatically foster creativity; its impact depends on whether the
technology is embedded in exploratory, relational, and child-centered learning experiences.

The main limitation, therefore, is not the absence of Al potential, but the lack of pedagogical
alignment between Al systems and early childhood creativity development. Many Al applications
are designed around measurable outputs, prediction, classification, and adaptive feedback, whereas
creativity in early childhood requires imagination, ambiguity, experimentation, and children’s
agency. Su et al. (2023) identify persistent challenges in early Al literacy, including limited teacher
readiness, lack of curriculum models, and insufficient teaching guidelines, while Samuelsson (2023)
emphasizes the need to include children’s voices, play, and imaginaries when introducing robots
and Al in preschool contexts. Taken together, these studies indicate that future research should
move beyond using Al merely for monitoring or efficiency and should instead design Al-supported
environments that intentionally promote creativity, playfulness, ethical engagement, and
meaningful child-technology interaction.

RQ3: Integration of Deep Learning and Nature-Based Learning

The findings indicate that the integration between nature-based learning and deep learning
technologies remains at an early and underdeveloped stage. Existing evidence does not yet show a
mature pedagogical model that explicitly combines outdoor, ecological, and experiential learning
with deep learning systems to foster early childhood creativity. However, recent studies on smart
learning environments suggest a possible direction for this integration. Smart learning
environments increasingly use sensors, learning analytics, 10T, and Al to capture contextual data
and provide adaptive feedback, but these systems often remain focused on efficiency, monitoring,
and personalization rather than creativity-oriented pedagogy (Maulidiya et al., 2024; Fiitterer etal,,
2025). This suggests that the main gap is not only technological, but conceptual: current systems
are able to collect and analyze learning data, yet they rarely translate such data into pedagogical
strategies that support imagination, exploration, and child-led inquiry.

A promising pathway can be seen in emerging work on AloT and environmentally
responsive learning systems. Tabuenca et al. (2024), for example, demonstrate how Artificial
Intelligence of Things (AloT) can be used in smart learning environments to monitor plants,
environmental conditions, and patterns of human presence, creating opportunities for more
adaptive and ecologically informed learning experiences. Similarly, Tabuenca et al. (2023) show
that [oT-based environmental awareness systems can connect plant-based learning activities with
real-time data, supporting learners’ understanding of ecological processes. Although these studies
are not specifically designed for early childhood creativity, they provide an important conceptual
bridge: technology can be used not to replace direct experience with nature, but to make
environmental interactions more visible, interpretable, and pedagogically actionable. In early
childhood contexts, such systems could help teachers document children’s engagement with
natural materials, observe patterns of inquiry, and design responsive activities that preserve
playfulness and agency.

Nevertheless, the integration of deep learning and nature-based learning must be
approached cautiously. Evidence from Al-based classroom management shows that machine
learning and deep learning are often used for attention tracking, behavior monitoring, and
engagement assessment, while ethical issues such as privacy, data security, and algorithmic bias
remain underreported (Fiitterer et al., 2025). This is particularly important in early childhood
education, where children’s autonomy, emotional safety, and embodied interaction with the
environment must remain central. Garcia-Dominguez et al. (2020) show that deep neural networks
can classify children’s activities using environmental sound data, illustrating the technical
possibility of non-wearable monitoring in child-related contexts; however, such approaches should
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not reduce children’s creative experiences to measurable behavioral signals. Therefore, future
research should develop an integrative framework that positions deep learning as a supportive
analytic layer for teachers, while nature-based learning remains the core experiential and relational
foundation for creativity development.

RQ4: Synthesis of Research Gaps Across RQ1-RQ3

Across the three research questions, the first critical gap concerns the absence of an
integrative framework that explicitly connects deep learning technologies, nature-based learning,
and creativity development in early childhood education. Existing studies tend to treat these
domains separately: nature-based learning is often discussed through ecological, experiential, and
play-based perspectives, while deep learning technologies are usually framed through learning
analytics, prediction, assessment, or adaptive instruction. This separation limits the field’s ability
to explain how data-driven systems could support, rather than disrupt, children’s embodied
exploration, imagination, and agency in natural environments. Recent work on digital technologies
and early childhood nature connection shows that technology can support child-nature interaction,
but the field still needs stronger theoretical grounding, clearer attention to children’s agency, and
more explicit design principles for integrating digital tools with nature-based experiences (Vella et
al,, 2023). Similarly, emerging studies on Al affordances in early childhood education highlight that
global research remains uneven and fragmented, particularly in translating Al capabilities into
pedagogically meaningful practices for young children (Chen, 2024).

The second gap relates to contextual imbalance and limited generalizability. Much of the
evidence on both nature-based learning and Al-supported early childhood education is still shaped
by research traditions, infrastructure, and policy environments in developed contexts. This is
problematic because assumptions about outdoor learning, child agency, creativity, and digital
access are not culturally neutral. In diverse educational settings, including postcolonial and Global
South contexts, early childhood education is deeply shaped by local knowledge, community values,
indigenous practices, material resources, and uneven access to technology. Tesar and Pangastuti’s
discussion of Indonesian early childhood education emphasizes that global educational paradigms
often overshadow local contexts and may marginalize culturally situated understandings of
childhood, learning, and development (Tesar & Pangastuti, 2024). This suggests that future
research should not simply transfer models of nature-based learning or Al-enabled education from
high-resource contexts, but should examine how such models can be reinterpreted through
culturally responsive, locally grounded, and equity-oriented frameworks.

The third gap concerns the shortage of validated, creativity-specific assessment tools that
are developmentally appropriate for young children, especially in studies combining ecological and
technology-enhanced learning environments. Many studies infer creativity from related indicators
such as engagement, curiosity, problem-solving, or divergent behavior, but do not directly assess
creativity using robust and age-sensitive instruments. This weakens the precision of claims about
whether nature-based or Al-supported learning actually enhances creativity. Long et al. (2022)
show that creativity assessment in education remains dominated by divergent thinking tests, self-
report measures, and product-based judgments, each of which has limitations when applied to
young children. In Al-supported contexts, the problem becomes more complex because children’s
data may be collected through automated systems, raising ethical concerns around privacy,
algorithmic bias, transparency, and developmental appropriateness. Berson et al. (2025)
emphasize that Al use in early childhood education requires governance frameworks that protect
children’s rights, privacy, and developmental needs. Therefore, future studies should develop
assessment models that are not only psychometrically valid, but also ethical, child-centered,
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culturally responsive, and capable of capturing creativity as a process rather than merely as a
measurable product.

CONCLUSIONS

This study provides a comprehensive synthesis of research on the intersection of nature-based
learning, deep learning technologies, and early childhood creativity. The findings indicate that
nature-based learning represents a well-established and effective pedagogical approach for
fostering creativity, primarily through its emphasis on exploration, sensory engagement, and child-
centered inquiry. In contrast, deep learning technologies remain largely instrumental, focusing on
assessment, personalization, and efficiency rather than directly supporting creative processes. A
key contribution of this review is the identification of a fundamental imbalance between
experiential and technology-driven approaches. While both domains offer significant potential,
their integration remains limited and conceptually underdeveloped. This fragmentation highlights
the need for interdisciplinary frameworks that bridge ecological learning environments with
intelligent systems in a way that supports creativity as a central educational outcome. Importantly,
the findings suggest that deep learning should not replace experiential learning, but rather function
as a complementary tool that enhances pedagogical decision-making while preserving children’s
agency and engagement. Overall, this study advances the field by articulating a more holistic and
integrative perspective on early childhood education. It underscores the importance of aligning
technological innovation with developmentally appropriate, play-based, and context-sensitive
pedagogies to ensure that creativity remains at the core of learning in early childhood.

LIMITATION & FURTHER RESEARCH

Limitations

This study has several limitations that should be considered when interpreting the findings. First,
the review included a relatively small number of studies (n = 9), reflecting the limited availability
of research that explicitly addresses the intersection of nature-based learning, deep learning
technologies, and early childhood creativity. This constraint limits the generalizability of the
findings and indicates that the field is still emerging. Second, the included studies show
considerable methodological heterogeneity, including systematic reviews, empirical studies, and
conceptual analyses. While this diversity enriches the synthesis, it also makes direct comparison
and generalization more challenging. In addition, many studies focus on broader developmental
outcomes rather than explicitly measuring creativity, which may affect the precision of conclusions
regarding creativity development. Third, the literature reviewed is predominantly drawn from
developed contexts, where access to natural environments and technological infrastructure is
relatively well established. As a result, the findings may not fully represent diverse socio-cultural
and educational settings, particularly in low-resource contexts.

Further Research

Future research should focus on developing integrative and interdisciplinary frameworks that
explicitly connect nature-based learning and deep learning technologies in supporting early
childhood creativity. There is a need for empirical studies, particularly experimental and
longitudinal designs, that examine how these approaches interact in real educational settings. In
addition, future studies should prioritize the development and validation of creativity-specific
assessment tools that are developmentally appropriate for young children. Such tools should
capture creativity as a dynamic and process-oriented construct, rather than relying solely on
indirect indicators such as engagement or problem-solving. Finally, research should expand to
include diverse socio-cultural contexts to enhance the generalizability and relevance of findings.
This includes exploring how local knowledge, cultural practices, and contextual constraints shape
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the implementation of both nature-based and technology-enhanced learning. Ethical
considerations, including data privacy, children’s agency, and the responsible use of artificial
intelligence, should also be central to future research agendas.
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