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Abstract 
Approaches to play and learning in early childhood education and care (ECEC) range from child-centered to 

academically focused pedagogies. These different perspectives shape how ECEC teachers support children’s 

learning in play-based contexts, reflecting a continuum in how child-initiated learning during play is 

encouraged. At one end is free play, initiated and directed by children, while the opposite end represents 

teacher-guided activities, often designed with specific learning objectives in mind. 

In this scoping review, we explore existing research on play-based pedagogies in science education within 

ECEC. It includes 48 peer-reviewed qualitative and quantitative studies published in English between 2010 

and 2024, focusing on children aged 0-6 years in ECEC institutions. The analysis combines descriptive and 

content methods. 

We found that most studies focused on play activities planned and/or structured by teachers that were 

closely linked to specific learning objectives. In contrast, only a few studies (10) explored children’s free 

play and how children learn science in such settings. Notably, toddlers were largely absent from the 

research, with very few studies including this age group. These findings provide insight into how play and 

learning science are framed in research, revealing limited attention to how ECEC teachers support 

children’s learning during free play. Finally, we highlight both the importance of play in early science 

education and the critical role of ECEC teachers in fostering children’s engagement with science through 

play. 

Keywords: kindergarten, learning, play, science education, teachers’ guidance  

Introduction 

The experiences and education children receive in early childhood education and care (ECEC) can 

significantly influence their future quality of life (Chetty et al., 2011; Gray-Lobe et al., 2023). ECEC practices 

often involve both play and learning, sometimes separately but often intertwined, with play forming a 

central and important part of children’s daily lives. Through play, children develop important cognitive and 

social skills (e.g., Hansel, 2015; Nicolopoulou, 1993; Pyle & Danniels, 2017; Tal et al., 2008), which lay an 

early foundation for academic learning (e.g., Bustamante et al., 2017; Kotsopoulos et al., 2015; Pyle & 

Danniels, 2017). Play also brings joy and promotes social interactions, making it valuable for children both 

in the present moment and for their social development (Vickerius & Sandberg, 2006). 

However, defining "play" in ECEC presents conceptual challenges. As indicated by Cheng and Johnson 

(2010), definitions of play in research are often adapted to fit specific study purposes, such as focusing on 

free play, exploratory play, and guided play, or are left undefined, assuming that readers share a common 

understanding of the concept. Moreover, cultural and pedagogical contexts shape how play is understood 

and valued by both researchers and ECEC practitioners, particularly in relation to its role in academic 

learning (e.g., Kotsopoulos et al., 2015). These differences are often reflected in two main pedagogical 

approaches (Broström, 2017): 1) The Nordic and German model, which is child-centered and holistic, 
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emphasizing care, play, relationships, activity, and developmental learning (Fung & Cheng, 2012; Ghafouri 

& Wien, 2005; Karila, 2012). In this model, play is viewed as a natural part of childhood and should be 

expressed on the child’s terms, with minimal teacher interference. 2) The academically oriented model, 

which emphasizes teaching, learning, and curriculum with clearly defined learning objectives and 

methodologies. Often referred to as ECE (excluding the C for “care”), this approach positions play primarily 

as a strategy for helping children acquire academic skills and knowledge (Karila, 2012). In this context, play 

is often guided by teachers to align with specific learning objectives. This structured approach contrasts 

with the child-centered nature of play, further highlighting the complexity of integrating play and learning 

within ECEC. 

Although a precise definition of play in ECEC remains elusive, certain characteristics related to play are 

commonly recognized. Play is typically voluntary, intrinsically motivated, enables imagination and fantasy, 

and involves interaction and communication (Broström, 2017). These features make play a valuable 

approach for supporting children’s learning, which is generally defined as a lasting change in behavior 

resulting from experience (Lachman, 1997). This suggests that the experiences children gain through play 

can contribute to their learning and development. Moreover, effective learning also depends on cognitive 

growth, emotional well-being, a sense of safety, and social belonging (Maslow, 1943; Pekrun, 2014), 

elements often nurtured through play, where children engage in meaningful interactions with peers and/or 

adults (Arndt, 2020; Eidsvåg & Rosell, 2021). 

In ECEC, teachers play an important role in shaping children’s play experiences. Teacher-child interactions 

during play are diverse and dynamic, adapting to the specific needs, interests, and developmental stages of 

each child. Sometimes, teachers may engage in play to support the experience itself, while other times they 

can use play intentionally as a tool to promote children’s learning and development. Based on these 

insights and the core characteristics of play, Broström (2017) describes three criteria for when play is 

intentionally used to support learning, commonly referred to as guided or structured play, also known as 

play-based learning (PBL): i) children actively participate in play and learning activities, engaging in 

interaction and communication with others; ii) play and learning activities are meaningful and correspond 

to children’s motives; and iii) play and learning activities promote creativity, often characterized by 

imagination (Broström, 2017, p. 3). These criteria highlight how play, when thoughtfully supported by 

teachers, can become a powerful pedagogical approach that supports children’s emotional, social, and 

cognitive development—without losing its essence. 

While research consistently highlights the developmental and educational benefits of play, implementing 

play-based pedagogies in practice remains challenging. Pyle and Danniels (2017) found that although ECEC 

teachers value play, many feel uncertain about how to effectively integrate play-based approaches into 
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their practices to support children’s learning and development. These tensions are especially evident in 

contexts where curricula emphasize specific learning outcomes and assessments, which may limit 

opportunities for open-ended play (Wood & Hedges, 2016). To address this complexity, Pyle and Danniels 

(2017) identified five types of play commonly used by ECEC teachers: free play, inquiry play, collaboratively 

designed play, playful learning, and learning through games. These play types were arranged along a 

continuum from child-directed to more teacher-directed approaches, reflecting varying degrees of teacher 

involvement and instructional intent, and acknowledging that play can vary in structure and purpose. At 

one end of the continuum, free play is characterized by children’s autonomy, with children initiating and 

shaping play activities. Inquiry play builds on the principles of free play by adding teacher support that 

extends children’s exploration and emergent inquiry without taking control of the play process. 

Collaboratively designed play occupies a middle position on the continuum, characterized by shared 

decision-making between children and teachers. In contrast, playful learning and learning through games 

involve increasing levels of teacher structuring, with play used more deliberately to support specific 

learning processes. Importantly, these play types should not be understood as fixed or mutually exclusive. 

In practice, play activities may combine features of multiple play types or shift dynamically as children’s and 

teachers’ roles and play context change. Furthermore, Pyle and Danniels (2017) found that teachers were 

particularly concerned about whether essential social and academic skills could emerge naturally through 

free play, which is entirely child-directed and occurs without teacher interference. 

Although teachers adopt a passive role in free play, its open-ended nature offers valuable opportunities for 

creativity and exploration. Yet, in contexts that emphasize factual knowledge and measurable outcomes, 

the educational value of free play may be less visible. This is especially relevant in relation to science 

learning in ECEC, understood here in a narrow sense as children’s engagement with natural phenomena 

and processes within biology, chemistry, geology, physics, and astronomy. From this perspective, children’s 

everyday play often involves spontaneous exploration of the physical world, driven by their innate curiosity 

(Aslanian et al., 2024; Bjerknes et al., 2024). Through interactions with natural materials, observations of 

scientific phenomena, and imaginative inquiry, children gain meaningful experiences that help form their 

early understanding of scientific concepts and foster a sense of wonder and curiosity (Bjerknes et al., 2024; 

Vosniadou, 2007). These experiences are not only cognitively meaningful but also emotionally engaging, 

helping to nurture a positive attitude and sustained interest in science from an early age (Bjerknes et al., 

2024). Additionally, research shows that science learning through play, compared to more structured 

academic learning, can significantly enhance children’s motivation and attention (Bulunuz, 2013), while also 

stimulating imagination and curiosity (Fleer, 2023). Taken together, these findings suggest that early 

science education benefits from playful approaches that prioritize children’s natural forms of learning, such 

as curiosity, enjoyment, exploration, and imagination. 
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A wide range of pedagogical strategies have been developed to support children’s scientific learning in 

ECEC. These include practical hands-on activities, playful learning environments, and meaningful 

conversations that encourage children to express their observations, questions, and ideas (e.g., Fleer, 2019; 

Glauser-Abou Ismail et al., 2022; Skalstad & Munkebye, 2021). Such approaches acknowledge that science 

learning in early childhood is not simply about acquiring facts, but involves supporting children’s ability to 

observe, inquire, and make sense of the world around them. Additionally, teaching models such as 

Scientific Playworld and Je-desto demonstrate how narrative play, through imaginative storylines and 

shared role-play, can create meaningful contexts for children’s scientific exploration and learning (Fleer, 

2019; 2023; Glauser-Abou Ismail et al., 2022). These models, along with other play-based strategies, 

emphasize the importance of children’s engagement, curiosity, emotional connection, and social 

interaction in the learning process. Collectively, they represent a shift from traditional, outcome-driven 

instruction toward a more holistic, child-centered approach to science education—one that aligns with how 

children naturally learn through play and exploration. 

Despite the emphasis on the child-centered nature of learning, in practice, many play-based pedagogies 

rely on extensive teacher involvement. This often takes the form of scaffolding and intentional structuring 

of play to guide children toward specific learning objectives. While such guidance can support children’s 

play experiences, cognitive development, scientific reasoning, and problem-solving (e.g., Brėdikytė, 2022; 

Charara et al., 2021; Fleer, 2019; Weber et al., 2020), it may also limit the open-endedness and spontaneity 

that characterize child-initiated play (Aslanian et al., 2024; Solis et al., 2017; Tesikova & Berta, 2026; Zeng & 

Ng, 2024). This creates a pedagogical tension between autonomous child play and play steered toward 

predefined learning objectives. 

In this scoping review, we explore how research on children’s science learning in ECEC engages with 

different forms of play, drawing on the play continuum proposed by Pyle and Danniels (2017). Using this 

continuum, we examine variations in teacher involvement in play and the presence of outcome-driven 

learning objectives. The review aims to identify patterns, tensions, and potential research gaps in how 

science learning is conceptualized and supported through play in ECEC. 

Although the play continuum has a central place in the review, distinctions between play types are not 

always clearly presented in empirical studies. We therefore clarify how different play types are defined and 

applied throughout the review, with a detailed overview provided in Table 2. 

Method 

To explore the scope and nature of existing research related to science learning and play-based pedagogies 

in ECEC, this study was conducted as a scoping review. This method is suitable for mapping a broad and 
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heterogeneous field, such as research on play and science in ECEC, and for identifying patterns and 

tendencies in how research conceptualizes science learning and the role of teachers in play (Arksey & 

O’Malley, 2005). The review followed the methodological framework refined by Levac et al. (2010) and was 

guided by the Preferred Reporting Items for Systematic Reviews and Meta-Analyses Extension for Scoping 

Reviews (PRISMA-Scr) guidelines (Tricco et al., 2018). The process involved identifying the research 

question, locating and selecting relevant studies, charting the data, and summarizing and reporting the 

results. 

Eligibility Criteria 

The scoping review included peer-reviewed articles published in English between 2010 and 2024, a period 

chosen to reflect recent developments in the field. No formal quality evaluation of the included articles was 

conducted, consistent with the exploratory aim of scoping reviews (Arksey & O’Malley, 2005). The selected 

studies involved children aged 0-6 years, corresponding to the typical age range of ECEC across 

international contexts, and were clearly situated in ECEC settings, such as kindergarten, daycare, or 

preschool. Studies containing wider age ranges were included only when findings for ECEC-aged children 

could be clearly distinguished from other age groups. The review focused on the interplay between science 

and play, particularly in the context of the natural sciences. Articles exclusively addressing play, science, or 

other STEM disciplines were excluded, as were studies targeting parents, ECEC students, or ECEC 

professionals. The inclusion and exclusion criteria applied during the selection process are outlined in Table 

1. 

Table 1. Inclusion and exclusion criteria 
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Information Sources and Search Strategy 

Two databases were used to identify relevant studies: ERIC EBSCO (Education Resources Information 

Center/ERIC) and Web of Science (WoS), which provide extensive coverage of education and scientific 

journals, respectively. The following search string was used: ((Science) AND play AND (kinder* OR "early 

childhood" OR preschool OR "young children")). The terms kinder*, “early childhood”, preschool, and 

“young children” are variations referring to the same stage of formal education and care for young 

children. The search strategy was developed in consultation with a university librarian.  

The literature search was performed in two stages: an initial search in April 2022, covering studies 

published between 2010 and 2020, followed by an update search in October 2024 to identify studies 

published between January 2021 and September 2024. This two-stage approach was used to ensure that 

the review captured both earlier and more recent publications within the field. The search and selection 

process is illustrated in the PRISMA-Scr flowchart (Figure 1) (Page et al., 2021). 
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Figure 1. The PRISMA-Scr flowchart  

 

Selection of Sources and Data Charting 

All search results were uploaded into the literature review management software Rayyan (Ouzzani et al., 

2016) for duplicate removal and independent screening of titles and abstracts based on the inclusion 

criteria. The screening process was conducted individually by all authors, and lists of included studies were 

compared. Full-text articles were reviewed when necessary, and any uncertainties or disagreements were 

discussed and resolved through consensus. To further ensure the eligibility of the selected studies, the two 

authors performed a manual check for duplicates and reviewed all included and excluded articles. 

Studies that met the inclusion criteria underwent an initial full-text review, followed by a more detailed 

evaluation to confirm their relevance. Data from each included study, such as author information, 
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publication year, country, sample size, and children’s age, as well as key variables (type of play, degree of 

child and/or teacher guidance in play, and degree of specified learning objectives), were extracted into an 

Excel form. In this study, the term “teachers” refers to ECEC teachers and/or researchers involved in the 

design and/or implementation of play-based activities. A summary of the data material is provided in Table 

A1 in the Appendix. 

Screening and data extraction were carried out by all authors in 2022, working in pairs, and by the first 

authors in 2024 for the update search. Given the qualitative and interpretive nature of the screening and 

coding process, consistency was ensured through iterative discussions among the authors. 

Synthesis of Results 

This scoping review employed deductive qualitative content analysis (Pollock et al., 2023), applying a 

predefined framework to classify key variables into five-point categories, coded from 1 to 5 (see Table A1). 

Articles addressing multiple categories within the same variable were divided into separate datasets and 

analyzed as independent data points (see Fridman et al., 2020; Weber et al., 2020). In some studies, narrow 

distinctions between intermediary categories (2, 3, 4) could lead to various code interpretations, which 

were resolved through collaborative discussions among the authors to ensure coding consistency. The data 

were summarized, and relationships between key variables were visualized using a bubble chart. 

Results 

Study Characteristics 

The review identified 48 studies (encompassing 51 datasets) from different countries, with the majority 

originating from Sweden (n=10), Australia (n=9), and the USA (n=7) (Table A1). Research on science and 

play pedagogies showed a notable increase during the period from 2020 to 2024 (n=25). Furthermore, most 

studies focused on children aged three to six years, with only 10 studies including children under the age of 

three. 

Based on the play types defined by Pyle and Danniels (2017), inquiry play (n=21) and playful learning (n=15) 

were the most frequently represented categories, while free play (n=10), learning through games (n=4), 

and collaboratively designed play (n=1) were less common. An overview of how these play types are 

defined and applied in this review is provided in Table 2. 
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Table 2. Description of play types based on Pyle and Danniels’ play continuum (2017) 

 

The majority of studies focused on play activities that were either fully (n=15) or mainly (n=21) guided by 

teachers. Child-guided play was identified in 13 studies, with 9 characterized by full child control and 4 

where children had more control than teachers over the play process. Additionally, shared guidance, where 

teachers and children contributed equally, was observed in 2 studies. Most play activities were structured 

around fully or mostly specified learning objectives (n=27 and n=13, respectively), indicating that learning 

goals shaped both the structure and progression of play. While mostly specified learning objectives allowed 

some flexibility in how play unfolded, fully specified learning objectives left limited room for children’s 

emerging interests and ideas.  

In contrast, few studies described play activities without specified learning objectives (n=10 datasets, 

derived from 9 studies). These activities were characterized by children’s open-ended engagement with 

materials and their surroundings, without explicit learning aims guiding the play. In addition, one study 

(n=1) contained loosely defined learning objectives that did not clearly guide or structure the play. No 

studies were classified as having balanced learning objectives, where children’s open-ended play coexists 

with learning objectives without either dominating the play. 

Percentages reported throughout the Results section are calculated based on 51 datasets. As some studies 
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contributed more than one dataset, categories are not mutually exclusive, and percentages therefore do 

not necessarily sum to 100%. All percentages are rounded to whole numbers.  

Child and/or Teacher Guidance vs Learning Objectives 

A bubble chart analysis of the relationship between the degree of child and/or teacher guidance and the 

specified learning objectives in play showed that 35 studies (69%) clustered in the upper-right region of the 

chart, indicating a strong association between high levels of teacher guidance and well-defined learning 

objectives (Figure 2).  

Figure 2. The relationship between the degree of child and/or teacher guidance and the degree of 

specified learning objectives. 

 

The x-axis represents a range from child-led to teacher-led guidance, with intermediate categories 

indicating varying degrees of shared guidance. The y-axis represents learning objectives, ranging from 

absent (None) to fully specified (Fully), with intermediate categories reflecting varying degrees of 

coexistence between goal-driven learning and open-ended play. Each bubble represents the number of 

studies with identical data values, with bubble size indicating frequency.  

In these studies, teachers intentionally and actively lead children towards learning specific scientific 
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concepts such as electricity (Gavrilas et al., 2025; Peppler et al., 2019), Earth’s shape and the day-night 

cycle (Güçhan-Özgül, 2021), and shadow formation (Herakleioti & Pantidos, 2016; Hsu et al., 2011). One 

study, in which children followed teacher-directed instructions such as mixing specific liquids in defined 

quantities, diverged from this pattern [point 5,1]. Rather than focusing on learning specific scientific 

concepts, the study emphasized children’s emerging exploration skills. 

The left side of the chart represents studies that emphasize child-guided play (n=13, 25%). Nine of these 

studies, located in the lower-left region, focus on children’s spontaneous play without explicit learning 

objectives. Through interaction with various materials in their play environments, children experienced, for 

example, gravity and friction when climbing trees (Areljung et al., 2023; Speldewinde, 2025), acceleration 

and force when using a swing (Günther-Hansen, 2020), the formation of new substances by mixing water 

with earth or sand (Dale Tunnicliffe & Gkouskou, 2020), or encounters with living organisms such as slugs 

and ants (Wight et al., 2016). In contrast, four studies located in the upper-left region contain child-directed 

play with clearly defined learning objectives, such as understanding the balance scale (Nayfeld et al., 2011), 

mass theory (Weber et al., 2020), or the concept of projectile motion (Herodotou, 2018).  

Notably, two studies in the middle region illustrate a shared approach, combining child- and teacher-guided 

play. These were based either on children’s ideas and imagination [point 3,2] (Sherfinski et al., 2022) or on 

predefined scientific themes centered around children’s interests [point 3,4] (Sundberg et al., 2016).   

Child and/or Teacher Guidance vs Type of Play  

An examination of whether child and/or teacher guidance is associated with specific types of play revealed 

that most studies focused on teacher-guided inquiry play (n=18, 35%) and playful learning (n=14, 27%) 

(Figure 3). A central feature of inquiry play, as highlighted in many studies, involved hands-on exploration 

of scientific phenomena guided by open-ended questions that stimulate reflection and understanding (e.g., 

Bulunuz, 2013; Dejonckheere et al., 2016; McNerney et al., 2020; Studhalter et al., 2024). In the case of 

playful learning, children engaged with scientific phenomena through, for example, teacher-guided 

storytelling and drama play (Walan & Enochsson, 2019), or imaginative role-play (Fleer, 2019, 2024; 

Frakgiadaki et al., 2023; 2024; Ärlemalm-Hagsér, 2013). Additionally, play categorized as learning through 

games was mainly played under teacher supervision, using digital tools such as tablets (van der Graaf et al., 

2016) and touchscreens (Hsu et al., 2011), or traditional materials such as cards or boards (Strasser et al., 

2023).  
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Figure 3. The relationship between the type of play and the degree of child and/or teacher 

guidance in play. 

 

The x-axis represents the type of play (as defined in Table 2). The y-axis represents a range from child-led to 

teacher-led guidance, with intermediate categories indicating varying degrees of shared guidance. Each 

bubble represents the number of studies with identical data values, with bubble size indicating frequency.  

In contrast, free play (n=10, 20%) was largely child-guided, consistent with its definition as play that is 

initiated and led by children without teacher intervention. For example, one study describes a girl, Emily, 

who played freely while interacting with a swing (Günther-Hansen, 2020), while another describes a boy 

who spontaneously built and played a “marimba” (van Vreden, 2018).  

Learning Objectives vs Type of Play 

An analysis of how different types of play were associated with learning objectives showed that most 

forms, excluding free play, were linked to fully or mostly specified scientific concepts (Figure 4). This aligns 

with the definition of free play as not guided by any defined learning objectives set by teachers. Notably, 

two studies categorized as free play contained fully specified learning objectives, which appear inconsistent 

with the core definition of free play [point 1,5] (Nayfeld et al., 2011; Weber et al., 2020). In both cases, the 

broader play interventions had explicit learning objectives, such as understanding the function of a balance 

scale or the concept of mass, while the free play component (referred to as "free choice time" by Nayfeld 

et al., 2011) served as a comparison condition in which children engaged freely with provided materials. 
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Although these studies focused on specific learning objectives, the free play segments were not directly 

structured to achieve them, supporting their placement within the free play category.   

Figure 4. The relationship between the type of play and the degree of specified learning 

objectives.  

 

The x-axis represents the type of play (as defined in Table 2). The y-axis represents learning objectives, 

ranging from absent (None) to fully specified (Fully), with intermediate categories indicating varying 

degrees of coexistence between goal-driven learning intentions and open-ended play. Each bubble 

represents the number of studies with identical data values, with bubble size indicating frequency. 

Interestingly, two studies on inquiry play, Fridman et al. (2020) and Sherfinski et al. (2022), either lacked or 

contained only loosely defined learning objectives [points 2,1 and 2,2]. In the study by Fridman and 

colleagues (2020), children explored the properties of liquids and used scientific tools in both open-ended 

(a) and more structured (b) contexts [2,1]. However, the focus was on how children interacted with these 

materials and demonstrated inquiry skills, rather than on achieving specific learning objectives. Similarly, 

the study by Sherfinski and colleagues (2022) examined children’s engagement with materials and the 

environment, shaped to some extent by formal learning goals and pedagogical practices [2,2]. 
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Discussion 

Science pedagogies in ECEC can often be excessively structured and curriculum-driven, resembling 

academic approaches more suited to older learners (Larimore, 2020). Such approaches can limit learning 

opportunities that emerge from children’s autonomous exploration and may suppress children’s natural 

curiosity and intrinsic motivation (Bjerknes et al., 2024; Larimore, 2020). In response, many ECEC teachers 

and researchers support the integration of science with play, allowing children to engage with scientific 

concepts in ways that are not only playful and developmentally appropriate but also meaningful (e.g., 

Bulunuz, 2013; Fleer, 2019; Glauser-Abou Ismail et al., 2022; Henriksson, Leden et al., 2025). Our analysis of 

48 peer-reviewed studies focusing on science and play in ECEC reveals a prevailing trend: research has 

largely focused on play as a pedagogical tool to achieve specific educational objectives, often through 

teacher-directed activities. This reflects ongoing concerns that structured pedagogies may overshadow 

opportunities for child-led inquiry and spontaneous exploration. In the following sections, we examine how 

this tension is illustrated in existing research and explore how different types of play, particularly inquiry-

based play, are used to navigate the continuum between child-initiated and teacher-guided approaches. 

Interpreting Trends in Play-based Science Pedagogies 

The majority of the reviewed studies contained play-based approaches characterized by high levels of 

teacher guidance and clearly defined learning objectives (Figure 2). This suggests that within science 

pedagogies in ECEC, there is a strong emphasis on both what and how children learn, even when playful 

methods are employed. In these studies, it was typically teachers who determined how play was structured 

to achieve specific educational outcomes.  

However, a few studies deviate from this trend. For example, research by Areljung et al. (2023), Dale 

Tunnicliffe and Gkouskou (2020), Günther-Hanssen (2020), Speldewinde (2024), and Solis et al. (2017) 

explored how children engage with science concepts during free play. These studies highlight the potential 

of unstructured, child-initiated play as a context for scientific exploration, where learning emerges naturally 

through children’s curiosity, exploration, and interaction with various objects in their natural environment. 

In contrast, studies by Nayfeld et al. (2011), Weber et al. (2020), and Zeng and Ng (2024) emphasize the 

teacher’s important role in making free play more meaningful by facilitating, encouraging, and extending 

children’s scientific exploration and learning. Nayfeld et al. (2011) argue that the presence or interaction 

with science materials alone does not ensure children’s independent exploration or learning. Instead, 

structured support from teachers can enrich free play and foster specific scientific knowledge.  

Similarly, a study comparing three groups of children who received different levels of teacher support 

during play found that the group with the most guidance developed a better understanding of the concept 
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of mass (Weber et al., 2020). Although the group that engaged in free play with building blocks acquired 

some understanding of stability through autonomous exploration, their ability to verbalize this knowledge 

was lower compared to the guided play groups. These studies suggest that while free play may support 

curiosity-driven inquiry, teacher involvement and scaffolding may be crucial for supporting deeper 

conceptual understanding and creating meaningful scientific learning experiences. This highlights the 

importance of clearly defining the purpose of play in science learning. Hence, it is important to ask: Do we 

aim for children to develop conceptual understanding, or is the goal to nurture children’s connections with 

peers, objects, and nature (Aslanian et al., 2024)? Or do we want to achieve both? 

Meaningful engagement and social interaction are core criteria of PBL, particularly in ECEC, where the goal 

is to support children’s holistic development (Broström 2017, p. 3). In this context, ECEC teachers play a 

crucial role in creating responsive environments that spark curiosity and encourage children’s engagement 

in various learning activities (e.g., Fleer, 2019; Güçhan-Özgül, 2021; Henriksson, Fridberg et al., 2025; 

Sikder, 2024; Vartiainen & Kumpulainen, 2020). Their role extends beyond facilitating play; they also 

introduce scientific content that may not naturally emerge in children’s spontaneous play (Henriksson, 

Leden et al., 2025). However, while teacher involvement can enrich play experiences, it raises an important 

question of how meaningful these activities are for children, especially if they lack interest in the chosen 

topics. Interest-driven and enjoyable activities are important for learning, as they enhance essential 

learning components such as memory, attention, and motivation (Bodrova et al., 2018).  

To make learning more meaningful and aligned with children’s interests, narrative play is recognized as a 

valuable pedagogical approach within ECEC (Brėdikytė, 2022; Devi et al., 2018; Hakkarainen et al., 2013). 

Through imaginative scenarios that reflect children’s fantasies, curiosity, and lived experiences, this form of 

play creates opportunities for children to express their ideas and engage with scientific concepts in ways 

that are both meaningful and accessible to young learners (Fleer, 2009; 2019; Fleer et al., 2014). Recent 

studies by Fleer (2024) and Fragkiadaki et al. (2023; 2024) demonstrate that such an approach can 

effectively support science learning even among toddlers. These successful outcomes depend on dynamic 

and supportive learning environments shaped by teachers’ responsiveness, encouragement, and shared 

imagination. Moreover, Brėdikytė (2022) found that teachers’ active participation as play partners 

enhanced children’s communication and social interaction, especially benefiting children who might 

otherwise struggle to engage in play. Additionally, research shows that teacher participation in narrative 

play contexts can help address gender patterns in early science learning by creating more inclusive and 

motivating conditions for girls’ engagement in science activities (Stephenson et al., 2022). 
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Whose Play Is It? Teacher Role in Children’s Scientific Play  

While teacher involvement in children’s play is often guided by specific learning objectives, research 

consistently shows that play is most beneficial when teachers adopt a facilitative role, scaffolding children’s 

play without dominating it (e.g., Gaviria-Loaiza et al., 2017; Johnson et al., 2005; Tesikova & Berta, 2026). 

This approach allows children to maintain ownership of the play, weaving in their own fantasies and ideas 

so that new learning concepts emerge naturally and become more engaging. However, it remains 

important to critically reflect on the extent to which such play genuinely represents children’s own 

fantasies and imaginations, especially when play themes are defined by the teacher. 

Research describes a spectrum of teacher roles in children’s play, ranging from facilitators to mediators and 

co-players (e.g., Bubikova-Moan et al., 2019; Pyle & Danniels, 2017). These roles are fluid rather than fixed, 

shaped by the context, learning objectives, and the nature of the play itself. In this review, we did not aim 

to categorize these distinct roles. Instead, we focused on mapping the overall research trends on child-

teacher involvement in play-based science learning. Across the reviewed studies, except those focusing on 

free play, we found that teachers consistently took on a dominant role in play. A high degree of teacher 

guidance was evident across all types of play, including inquiry play, collaboratively designed play, playful 

learning, and learning through games (Figure 3).  

This tendency toward teacher-guided play may be linked to early childhood curricula that emphasize 

specific learning objectives, particularly within science education. Our findings show that, in most studies, 

children engaged with science through play that was intentionally designed to support learning specific 

science skills and/or concepts (Figure 4), often aligned with national curricular frameworks. For example, 

studies by Bulunuz (2013) and Güçhan-Özgül (2021) examined play activities based on the Turkish national 

preschool curriculum, focusing on the development of science skills such as exploration, prediction, and 

observation, as well as understanding of concepts like gravity, air, and the day–night cycle. Similarly, 

Gavrilas et al. (2025) described a teaching scenario on electricity that integrated hands-on activities and 

digital tools to build conceptual understanding, in line with the goals of the Greek kindergarten curriculum. 

These examples illustrate a common trend in research: play-based approaches to science learning are often 

designed not only to spark children’s curiosity and encourage exploration, but also to meet curriculum-

driven objectives. In this context, teacher involvement plays a central role in guiding and structuring the 

learning experiences to ensure that play remains focused on intended learning outcomes. 

At the same time, the emphasis on curriculum-driven play-based approaches may give rise to tensions in 

pedagogical practice. While many studies in our review emphasize the benefits of structured, curriculum-

aligned play, Bubikova-Moan et al. (2019) point out that teachers often experience tension between 

curriculum demands, their professional beliefs, and the value of a child-centered approach to play. Play 
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without a clear educational purpose is often viewed as less conducive to academic learning and school 

readiness. A common concern among researchers and ECEC teachers is that children may not develop 

essential science-related knowledge and skills if play occurs without teacher guidance (e.g., Dejonckheere 

et al., 2016; Henriksson, Leden et al., 2025; Pyle & Danniels, 2017).   

In addition to curricular influences, these observed patterns can also be understood in relation to the 

methodological characteristics of the reviewed studies. The dominance of intervention-based and teacher-

controlled study designs is likely to privilege forms of play that can be planned, structured, and measured in 

relation to specific learning outcomes, while underrepresenting child-initiated forms of play, such as free 

play. Consequently, the review may be biased toward research traditions that emphasize adult guidance 

and specific learning outcomes, while giving less attention to more open-ended and child-initiated play 

practices in ECEC. This raises important questions about how research methods shape both the focus of 

studies and the kinds of knowledge that are valued about play and science in early childhood. 

Inquiry Play: Balancing Child-Initiated Inquiry and Teacher Guidance 

Scientific inquiry skills, such as asking questions, making predictions, and sharing ideas, form the foundation 

of scientific thinking and are best nurtured through play-based learning environments where children 

actively engage with and explore the world around them (e.g., Bulunuz, 2013; Dejonckheere et al., 2016; 

Güçhan-Özgül, 2021). While children are naturally curious and active explorers, relying solely on 

spontaneous inquiry may not be sufficient for fostering deeper scientific understanding (McNerney et al., 

2020; Russell & McGuigan, 2017). This innate curiosity provides a strong basis for scientific learning, but it 

requires thoughtful teacher guidance to help children notice, interpret, and make sense of the phenomena 

they encounter (García-Rodeja et al., 2024; Harlen, 2014; Vartiainen & Kumpulainen, 2020). To support this 

process, ECEC teachers should provide children with a variety of equipment and materials that spark 

curiosity and sustain engagement in scientific exploration, while ensuring that activities remain playful and 

captivating (Chookah et al., 2023; Samuelsson & Carlsson, 2008). In addition, Fridberg et al. (2019; 2020) 

emphasize the importance of connecting scientific exploration to children’s prior experiences, which are 

essential for understanding specific learning objectives.  

While our analysis identified inquiry play as the most common form of guided play designed to meet 

specific learning objectives in early science education (see Figures 3 and 4), Pyle and Danniels (2017) placed 

inquiry play close to free play on their continuum of PBL. In their study, inquiry play is described as child-led 

exploration of materials and environments with minimal teacher intervention, where children direct the 

play based on their own interests. In contrast, the studies included in our review described inquiry play as a 

more guided and intentional process, in which teachers actively guided children’s exploration by providing 
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materials, posing questions, and supporting their understanding of specific scientific concepts. This 

difference likely reflects diverse pedagogical approaches and theoretical perspectives, shaped by the 

specific contexts each study aimed to explore (Rönnebeck et al., 2016). In our review, inquiry play was 

linked to scientific concepts and inquiry processes, characterized by problem-solving activities, scientific 

exploration, and reflective thinking—suggesting a more intentional and learning-oriented approach.  

For young children, exploring scientific concepts through inquiry is not inherently difficult, as long as the 

activities are meaningful and connected to their everyday experiences (Dejonckheere et al., 2016). 

Therefore, it is essential to create play-based learning environments adapted to children’s age and interests 

that balance teacher guidance with child-initiated inquiry (Fridman et al., 2020). Neither of these 

approaches is universally “best”; each promotes different aspects of children’s development. Teacher-

guided inquiry can help reduce cognitive load and maintain focus on specific learning objectives, while 

open-ended child-initiated inquiry fosters spontaneity, creativity, and broader cognitive, emotional, and 

social development (Fridman et al., 2020). Taken together, these findings underscore the importance of 

adopting a balanced approach to inquiry play, one that values children’s natural curiosity while recognizing 

the need for intentional teacher support.  

Conclusion 

Our review indicates that most studies on play-based pedagogies and learning sciences in ECEC involve 

teacher-guided play activities (Pyle & Danniels, 2017), and that learning objectives often guide how these 

activities are structured and implemented. This raises important questions about how to best promote 

children’s intrinsic motivation and drive to learn natural science: Should the focus be on acquiring scientific 

concepts, or on promoting cognitive growth and reasoning skills? Some researchers argue that children’s 

curiosity and sense of wonder flourish when they encounter diverse emotions, especially through play, 

which in turn fuels children’s motivation to learn (e.g., Bjerknes et al., 2024). Although studies involving 

narrative play report increased learning and participation in imaginative play (e.g., Brėdikytė, 2022; Fleer, 

2019), there is still limited understanding of how teacher involvement in play can effectively support 

intrinsic motivation and children’s drive to learn. At the same time, it is important to consider how 

methodological approaches in existing research may shape which types of play are studied and valued, 

potentially underrepresenting more open-ended and child-initiated forms of play. Therefore, further 

research is needed to explore how children’s emotions and science learning unfold in free play compared 

to play with varying degrees of teacher involvement in play-based settings.  
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Limitations 

A potential limitation of this study was the ambiguity in coding intermediary categories (2, 3, 4) within the 

1-5 system. Although consensus was reached through thorough discussions among authors, the subtle 

distinctions between these categories left room for varying interpretations, which may have influenced the 

coding outcomes. Additionally, as with most reviews, some studies may have been missed due to 

limitations in database coverage, language restrictions, or publication bias. 
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Appendix 

Table A1. Overview of included studies and their categorization 

Key variables were categorized using a 5-point scale as follows: Type of play (Pyle & Danniels, 2017), free 

play (1), inquiry play (2), collaboratively designed play (3), playful learning (4), learning through games (5). 

Degree of child and/or teacher guidance in play- fully child (1), mainly child (2), equally shared (3), mainly 

teacher (4), fully teacher (5). Degree of specified learning objectives- none (1), some (2), balanced- equal 

emphasis on open-ended play and learning objectives (3), mostly (4), fully (5). 

N/A= not applicable; a, b, and c in the first author column indicate articles covering multiple categories 

within the same variables. 

Articles Country 
N 
(children) 

Age  
(years) 

Type of 
play 

Child/teach
er guidance 

Learning 
objectives 

Adbo & Vidal Carulla (2019) Sweden 4 3  3 4 5 

Areljung et al. (2023) Sweden 16 2-4  1 1 1 

Bulunuz (2013) Turkey 26 5-6  2 5 5 

Charara (2021) USA 18 5  4 4 5 

Chookah et al. (2023) UAE 4 3-4  4 4 5 

Dale Tunnicliffe & Gkouskou 
(2020) 

UK 8 2-4  1 1 1 

Dejonckheere et al. (2016) Belgium 57 4-6  2 5 5 

Desouza (2017) USA 20 4  2 5 5 

Fleer (2019) Australia 26 3-6  4 4 4 

Fleer (2024) Australia 13 0.1-2.2 4 4 4 

Frakgiadaki et al. (2023) Australia 50 0.5-5.1 4 4 4 

Frakgiadaki et al. (2024) Australia 13 0.5-2 4 4 4 

Fridman et al. (2020) a 

Open-ended   
Israel 215 5-6  2 2 1 

Fridman et al. (2020) b 

Structured   
Israel 147 5-6  2 5 1 

Gavrilas et al. (2025) Greece 18 N/A 2 4 5 

Golubović-Ilić & Ćirković-
Miladinović (2020) 

Serbia 40 5  2 5 5 

Güçhan-Özgül (2021) Turkey 80 4-6  2 4 5 

Günther-Hanssen (2020) Sweden 1 5  1 1 1 

Henriksson et al. (2025) Sweden 4-5 2-4  4 4 4 
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Herakleioti & Pantidos 
(2016) 

Greece 16 4-5  2 5 5 

Herodotou (2018) UK 32 4-5  5 2 5 

Hsu et al. (2011) Taiwan 50 6  5 5 5 

Karlsson (2017) Sweden 3 5-6  4 5 5 

Kewalramani & Veresov 
(2022)  

Australia 40 N/A 2 4 4 

Larsson (2013) Sweden 10 4-6  2 5 5 

Ma et al. (2022) China 34 4-5  4 4 4 

McLean et al. (2015) Australia 27 4  2 4 4 

McNerney et al. (2020) UK 11 3-5  2 5 5 

Nayfeld et al. (2011) USA 84 3-5  1  1 5 

Peppler et al. (2019) USA 45 3-5  2 4 5 

Sherfinski et al. (2022) USA N/A 3-5  2 3 2 

Sikder (2024) Australia 64 0.8-5 4 5 5 

Solis et al. (2017) USA 20 3-5  1 1 1 

Speldewinde (2025) Australia 220 4-5  1 1 1 

Stephenson et al. (2022) Australia 13 2.3-3.2  4 4 4 

Strasser et al. (2023) Chile 121 4.2-6  5 4 5 

Studhalter et al. (2024) Switzerland 41 4-6  2 4 5 

Sundberg et al. (2016) Sweden N/A 2-6 4 3 4 

Teo et al. (2017) Singapore 3 6  2 4 4 

van der Graaf et al. (2016) Nederland 71 4-6  5 5 5 

van Schijndel et al. (2010) Nederland 47 2-3  2 5 4 

van Vreden (2018) South Africa N/A 3-6  1 1 1 

Vartiainen & Kumpulainen 
(2020) 

Finland 31 5-6  2 4 4 

Walan & Enochsson (2019) Sweden 14 4-6  4 5 5 

Weber et al. (2020) a  

Verbal + material 
Germany 64 5-6  2 4 5 

Weber et al. (2020) b 
Material  

Germany 59 5-6  2 2 5 

Weber et al. (2020) c 

Free play  
Germany 60 5-6  1  1 5 

http://www.nordiccie.org/


Tesikova et al.     28 

nordiccie.org   NJCIE 2026, Vol. 10(2) 

Wight et al. (2016) USA 64 3-5  1 1 1 

Zeng & Ng (2024) Singapore 5 4-5 1 2 1 

Åkerblom et al. (2019) Sweden 22 6  4 5 5 

Ärlemalm-Hagsér (2012) Sweden 17 5-6  4 4 5 
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