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Abstract: Children’s engagement with toys and play materials can contribute to the foun-

dational cognitive processes that drive learning. Loose parts are interactive, open-ended

materials originally not designed as toys but can be incorporated into children’s play

(e.g., acorns, cardboard, and fabric). Practitioners and researchers widely endorse loose

parts for fostering creativity, divergent thinking, and problem-solving skills. Despite these

recommendations, research on their specific role in young children’s cognitive develop-

ment remains limited. This systematic review examines how indoor loose parts play has

been studied in relation to young children’s (0–6 years) cognitive development. Following

PRISMA guidelines, searches in bibliographic databases and forward and backward citation

tracking identified 5721 studies published until December 2024. We identified 25 studies

and evaluated the quality and risk of bias. Studies focused on children’s general cognitive

outcomes, language development, and specific cognitive subdomains, with many report-

ing positive associations between children’s play materials and cognitive development.

However, five studies found no such associations, and another seven did not address the

relationship between play materials and outcomes. Despite methodological variation across

studies, our systematic review identified a relationship between play materials similar to

loose parts and children’s problem-solving, creativity, academic skills (reading and math),

and both convergent and divergent thinking. Notably, only one study explicitly used the

term “loose parts.”Our review identified empirical and methodological gaps regarding

the relationship between play materials and cognitive development, which can inform

future research.

Keywords: play; cognitive development; loose parts; loose parts play; LPP; indoor play

1. Introduction

Children’s play can involve various behaviours and activities, resulting in varied

developmental and learning outcomes. These developmental outcomes depend on many

factors, such as the type of toys and play materials used, a child’s age, social interactions,

and the quality of the learning environment (Lin and Li 2019; Howe et al. 2022; Rubin

2001; Wood 2013). The properties of toys and play materials in the environment can impact

children’s play behaviours, engagement, and duration. There are a growing number of

calls to enrich young children’s indoor play, explorations, and learning using loose parts

(Beaudin 2021; Beloglovsky and Daly 2015, 2016; Caldwell 2016; Casey and Robertson 2019;

Daly and Beloglovsky 2014; Rawstrone 2020). Loose parts are interactive, natural, and
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manufactured materials that can be manipulated with limitless possibilities (Houser et al.

2019). Children’s loose parts play (LPP) is unique, involving various toys and materials

that can be used in combination or isolation (e.g., cardboard, sticks, pipes, sand, and beads)

but are generally not intended for play (Gull et al. 2020; Houser et al. 2016; Nicholson 1971).

When children engage in play that includes toys, materials, and objects—particularly

those that naturally complement each other or can be effectively combined—they are im-

mersed in a learning environment that promotes cognitive development (Cutter-Mackenzie

and Edwards 2013; Trawick-Smith 1990; Trawick-Smith et al. 2015). Such play supports

essential cognitive processes, including impulse control, behaviour regulation, exploration,

problem-solving, attention to outcomes, and social interaction (Park 2019), all of which are

foundational to learning (Wolfgang et al. 2001).

Play also serves as a powerful source of intrinsic motivation (Haber et al. 2018;

Kidd and Hayden 2015; Malone 1981), vital for long-term academic and personal suc-

cess (Hewes 2006). Unlike structured learning, which often depends on external re-

wards, play enables children to engage in learning driven by curiosity and interest

(Andersen et al. 2023). This intrinsic motivation, developed through early experiences,

tends to persist into adulthood (Andersen and Kiverstein 2024; Cassidy 2000; Gottfried

et al. 2001, 2011, 2016). Through these experiences, children explore their environment,

test hypotheses, and make discoveries—activities that form the basis for scientific thinking

(Andersen and Kiverstein 2024).

LPP can be particularly valuable for children under six in early childhood because it

encourages open-ended exploration, allowing children to manipulate materials in ways

that support their learning needs, cognitive flexibility, problem-solving, and creativity.

Unlike predefined toys, loose parts afford children the autonomy to direct their play and

foster decision-making and independent thinking. This capacity for self-directed learning

makes play a critical tool for supporting young cognitive development in early childhood

education and home environments (Smith and Pellegrini 2013; Zosh et al. 2018).

What is the relationship between children’s play and cognitive development?

Given play’s imaginative and flexible nature, it is key in fostering cognitive pro-

cesses such as problem-solving, generating ideas, and identifying alternative possibilities

(Cankaya et al. 2023; Harris 2000). Researchers have examined specific types of play or

play forms, such as pretend play, constructive play, and block play, and their impact on

children’s cognitive development (Lillard et al. 2013; Smith 2017; Wolfgang et al. 2001). The

research on these play types has consistently demonstrated that play serves as a powerful

medium through which children build the foundational skills for language development,

contributing to broader cognitive outcomes. Pretend play, for example, allows children to

exercise their cognitive skills by creating and navigating complex scenarios and inventing

rules (Cankaya et al. 2023; Lillard et al. 2013). Play’s exploratory and manipulative nature,

particularly through object play, supports children’s scientific reasoning and divergent

and convergent thinking. Several studies have linked early object and constructive play to

improved developmental outcomes (Caldera et al. 1999; Ness and Farenga 2016; Verdine

et al. 2019; Wolfgang et al. 2001). Verdine et al. (2019) highlight that toys with geometric

shapes enhance spatial language and interactions. Longitudinal research by Wolfgang et al.

(2001) found that children who engaged in complex object play in early childhood demon-

strated improved mathematical outcomes later in life. As a result, children’s involvement

in various types of play is significant in the early years (Pellegrini and Smith 1998). Play is a

crucial mechanism through which children explore, learn, and develop essential cognitive

skills that can lay the foundation for academic achievement, learning, and problem-solving

abilities later in life (Copple and Bredekamp 2006; Lillard et al. 2013; Miller et al. 2022;

Savina 2014; Weisberg et al. 2013).
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Do play materials and toys make a difference in cognitive outcomes?

Researchers have found that certain toys or play materials can lead to unique cognitive

outcomes (e.g., play with blocks, LEGO, or sand in isolation; Iivonen et al. 2025; Kiewra

and Veselack 2016; Schulz and Bonawitz 2007; Segatti et al. 2003; Shabazian and Soga 2014;

Zippert et al. 2019). For instance, while dolls promote language skills, blocks can increase

mathematical knowledge (Hashmi et al. 2020; Verdine et al. 2014). Similarly, children’s

dramatic or pretend play allows for imaginative scenarios, taking on different roles, and

experimenting with social roles and relationships (Harris 2000). Most crucially, children

may take a concrete object or an imaginary role and pretend “as-if” (Harris 2000). This type

of play encourages children to think symbolically, promoting perspective-taking, empathy,

and understanding of social norms and expectations (Vygotsky 1967). Children learn to

navigate complex social interactions, negotiate roles, and regulate emotions in imaginary

situations. As loose parts offer multiple opportunities for many play types, engaging

with these materials may have the potential to significantly impact children’s cognitive

development by enhancing various cognitive skills and abilities (Cankaya et al. 2023).

What is the status of research on children’s indoor LPP and cognitive outcomes?

Recently, interest in LPP as a means to enrich children’s play has grown (Beaudin 2021;

Beloglovsky and Daly 2015, 2016; Branje et al. 2021; Caldwell 2016; Casey and Robertson

2019; Gold et al. 2020; Gull et al. 2024; Rawstrone 2020). The current attention to this

play type is highlighted in early learning curriculum frameworks (e.g., Government of

Manitoba 2015; Makovichuk et al. 2014; Nova Scotia Department of Education 2018) as

well as statements made by play organizations (e.g., Play Scotland 2022), researchers,

policymakers, and educators as a means to facilitate cognitive development and learning

(Casey and Robertson 2019; Ocal 2021; Gençer and Avci 2017; Gold et al. 2015, 2020; Gold

and Elicker 2020; Sear 2016). Despite extensive recommendations, research on indoor

LPP and its impact on children’s cognitive development is sparse, and an overview of the

research on the value of this emerging type of play is lacking.

Research on LPP is limited in many respects: most evidence is on outdoor LPP and

children’s physical and social development without directly investigating the role of LPP in

cognitive outcomes (Branje et al. 2021; Engelen et al. 2013; Flannigan and Dietze 2017; Gull

et al. 2019; Houser et al. 2016; Maxwell et al. 2008; Olsen and Smith 2017; Pereira et al. 2024;

Ridgers et al. 2011; Spencer et al. 2019; Trina 2022; van Rooijen et al. 2023). One systematic

review by Gibson et al. (2017) examined the effects of LPP on various child developmental

domains. They concluded that there is insufficient high-quality evidence to determine the

impact on children’s cognitive, social, and emotional development (e.g., limited evidence

linking LPP to non-physical developmental outcomes). They also found that tools used

to measure development were broad spectrum (e.g., social, emotional, physical); models

lacked confounding variables; and many studies reported no significant effects on social

and academic outcomes (e.g., Bundy et al. 2017; Farmer et al. 2017). Gibson and colleagues’

review is recent. However, the search terms for their review only focused on outdoor play,

and they did not examine the literature with similar conceptual ideas to loose parts such as

“recycled materials, junk or scrapped materials”. In a non-systematic review, Cankaya et al.

(2023) examined the relationship between LPP and cognitive development and synthesized

the common play types used with loose parts materials. While they identified studies

that supported the benefits of playing with various toys and materials, they noted a lack

of empirical evidence to substantiate these claims, as none of the studies were explicitly

on LPP.

Only one recent study explicitly examined indoor and outdoor LPP in a structured

empirical design. Jaruchainiwat et al. (2024) conducted a quasi-experimental pre-test–
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post-test study with 147 preschoolers. The study measured creative thinking behaviour

(exploration, participation/enjoyment, persistence), social behaviour (social play, emo-

tional regulation, communication), and attention (measured in one-minute increments).

The results showed that outdoor LPP significantly enhanced creative thinking, social skills,

and attention, whereas indoor LPP improved creative and social behaviour but had no

measurable impact on attention. Although this study provides valuable insights, its re-

liance on researcher-developed instruments to measure cognitive and social behaviours

raises concerns about validity and generalizability. Additionally, data collection in indoor

conditions was conducted by parents, introducing potential observer bias and inconsis-

tency in assessments. Furthermore, Naish et al. (2023) examined parents’ perceptions of

take-home loose parts play kits during the COVID-19 pandemic. Parents reported that the

kits supported unstructured play at home, reinforcing its role in children’s engagement

and development. While this study also highlights the potential of LPP, the small sample

size and qualitative nature limit broader conclusions.

In addition to these studies, there are some conceptual reports, qualitative, and action

research on indoor LPP (Fikriyati et al. 2023; Gorrie 2021; Gull et al. 2024; Jannah and

Puridawaty 2023; Mukhyar et al. 2023; Smith-Gilman 2018; Sukardjo et al. 2023; Zeng and

Ng 2024). These provide important insights into the theories underpinning LPP, ideas

for including loose parts in children’s play, and summaries of the potential or perceived

benefits of indoor LPP. While LPP may offer benefits, its relationship to children’s cognitive

development remains unclear through empirical quantitative studies. This highlights

the need for further research to document the conditions under which LPP may be most

beneficial and synthesize the existing evidence. Moreover, there is a notable gap in em-

pirical evidence regarding specific cognitive outcomes, including intelligence, executive

functioning, problem-solving, and divergent thinking (e.g., Beaudin 2021; Rawstrone 2020).

Our systematic review examines the relationship between loose parts and children’s

cognitive development, situating our findings within the Science of Learning framework

(Darling-Hammond et al. 2020). According to this framework, children’s learning is shaped

by dynamic interactions between their environment, experiences, and cognitive processes,

emphasizing that development is an experience-dependent process influenced by social

and contextual factors (Cantor et al. 2021; Darling-Hammond et al. 2020; Jamaludin 2024).

Understanding how indoor LPP can support cognitive development matters because it is

a key component of early childhood education, where indoor play is a dominant part of

daily routines. It also matters for parents who seek ways to stimulate their children’s devel-

opment at home, as loose parts provide flexible, open-ended opportunities for exploration.

Given the growing emphasis on play-based learning, research on indoor LPP is essen-

tial to inform educators and parents about creating environments that foster meaningful

cognitive engagement.

Current Study

We systematically reviewed the literature reporting on the relationship between young

children’s indoor LPP and cognitive development. This systematic review lends insight

into whether LPP may be valuable for cognitive development and could be a powerful

tool for parents, educators, and policymakers to enhance their children’s early learning

environments (Casey and Robertson 2019; Foster 2002). Understanding nuanced ways LPP

can support cognitive development can inform more evidence-based educational practices

for educators and parents. In addition, this review identifies research priorities for future

studies on indoor LPP and cognitive development. Given the limited empirical evidence

directly linking indoor LPP with cognitive development in young children, we sought to

critically evaluate the quality of the available studies with materials and toys similar to
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loose parts and identify potential biases or methodological limitations that could impact

the interpretation of results. As a result, this addressed two research questions:

1. How has indoor LPP been studied in relation to cognitive development (e.g., study

designs and outcome measures)?

2. What is the relationship between indoor LPP and young children’s (0–6) cognitive

development and outcomes?

2. Methods

The methods for this systematic review were pre-registered on PROSPERO (CRD42023452046).

2.1. Search Strategy

Following PRISMA guidelines, a systematic review was conducted in July 2023 and

updated in December 2024. A search string, shown in Table 1, was developed and im-

plemented in ERIC, PsycINFO, PsycARTICLES, ScienceDirect, Scopus, CINAHL, Web of

Science, JSTOR, ProQuest Theses/Dissertations, Education Research Complete, and Aca-

demic Search Complete (see Appendix E for the search strategy adapted for each database).

Table 1. Search strategy.

Line 1
(child* OR kid* OR youth* OR minor* OR juvenile* OR early child* OR

toddler* OR elementary OR preschool* OR pre-school* OR kindergarten*
OR infant* OR bab* OR young)

AND

Line 2
(“loose part*” OR “play material*” OR “recycle* material*” OR “natural

material*” OR “scrap material*”)

AND

Line 3

(creativ* OR explor* OR cogniti* OR intelligen* OR learn* OR “executive
function*” OR knowledge OR skill* OR flexibilit* OR abilit* OR capacit* OR

develop* OR achievement* OR outcome* OR problem solv* OR
advancement* OR memory OR think* OR attention)

A variety of databases were searched in the present review to be as comprehensive as

possible and to capture articles on LPP published in various disciplines.

2.2. Inclusion Criteria

Studies were screened using pre-specified criteria. First, regarding study participants,

the article must have reported on a study involving children up to six years old. It was

included if a study overlapped with our intended age range (e.g., 5–10). Second, the study

must have investigated indoor LPP but could not have studied LPP within arts- or sports-

based programs. Indoor LPP was defined as play involving loose parts, including various

open-ended materials that could be synthetic, natural, or recycled (Houser et al. 2016).

Studies on indoor LPP were only included if they investigated multiple or single materials

that were not commercialized. For instance, studies that investigated single materials such

as blocks, LEGO, Duplo, Magna-Tiles, Lincoln Logs, Imagination Playground blocks, and

Playmobil were not included. We only included branded toys, such as LEGO, DUPLO,

Play-Doh, Lite-Brite, etc., when combined with other play materials or toys that could be

considered loose parts. Studies of multiple materials could include materials not designated

as loose parts. Studies examining play in indoor and outdoor settings were only included if

indoor play was disaggregated. Third, play activities could be unstructured or structured

(e.g., play scenarios). However, studies were only included if the play observed did not

ask children to create art, participate in sports, be involved in competition, or limit play
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using specific child- or adult-created rules. Using these criteria, we aimed to assess LPP’s

free, open-ended and unstructured nature as postulated by LPP Theory (Houser et al. 2016;

Nicholson 1971).

Fourth, studies must have examined the relationship between children’s engagement

with LPP indoors and children’s cognitive development. The study must have investigated

at least one of the following: school/educational achievements, IQ testing, decision-making,

problem-solving, executive functioning (e.g., attention, memory, organizing, planning),

creativity, divergent thinking, mathematical ability, special ability, Science, Technology,

Engineering and Math (STEM) explorations in play, scientific thinking (e.g., gathering evi-

dence, testing hypotheses, drawing conclusions), language, and reading/language compre-

hension. Assessments of cognitive development must have been based on school/academic

reports, standardized testing, or observational assessments conducted by researchers. Stud-

ies could report other variables if they focused on the relationship between indoor LPP and

cognitive development. For instance, studies looking at home factors impacting children’s

developmental outcomes would not be included if there was no separate analysis between

indoor LPP and cognitive development. Fifth, studies must have reported on primary

research using quantitative (questionnaires, psychological tests, observational sampling,

experiments), qualitative, or mixed methods with adequate sampling (e.g., case studies and

studies with sample size under 10 were excluded). Sixth, and finally, studies must have

been published in English between January 1970 and December 2024 in academic journals

or theses/dissertations. The theory of LPP was proposed in the 1970s (Nicholson 1971),

and under our inclusion criteria, we aimed to capture any publication within our time

frame that examined or referenced loose parts.

2.3. Article Selection Process and Inter-Rater Reliability

After initial training, all three authors worked through three stages of inter-rater

reliability: (1) title/abstract screening, (2) full-text screening, and (3) data extraction. At the

title/abstract stage, all three authors double-coded 10% of the studies. A threshold of 90%

reliability was required before coders screened studies individually. At the full-text and

data extraction stages, each article was screened by two of the three coders. Disagreements

were discussed among all three authors, and decisions were made by reaching a consensus.

2.4. Data Extraction and Analysis

The lead author trained co-authors on inclusion and exclusion criteria and data extrac-

tion. During training, all three authors piloted 15 test articles (Lombard et al. 2002). Using

the included articles, the authors hand-searched reference lists and conducted citation

searching. The included articles were narratively synthesized, which involves systemati-

cally summarizing the main findings and themes. This approach provided a descriptive

overview of the evidence and identified common trends, patterns, and variations. Data

were extracted on the study characteristics (e.g., publication year, location of study, partici-

pant characteristics), study methods and analytical approach (e.g., sample size, statistical

approach), types of play materials used (e.g., natural materials, everyday objects), terms

used to describe LPP; domains of and measures used to assess cognitive development,

findings regarding the relationship between LPP and cognitive development, and author

recommendations for future research.

2.5. Risk of Bias and Quality Assessment

Study quality and risk of bias were assessed using the Mixed Methods Appraisal Tool

(MMAT) (Hong et al. 2018) as it allows for the assessment of studies using varying methods

with one tool. The MMAT starts with two initial questions consistent across all study

methods, followed by five specific questions based on the study’s design (i.e., qualitative
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study, randomized controlled trial (RCT), non-RCT, quantitative descriptive study, and

mixed methods). Each item is rated as “Yes”, “No”, or “Cannot Tell”. The lead author and

one of the co-authors jointly evaluated the quality of each study.

3. Results

3.1. Search Results and Study Selection

Searches surfaced 6593 articles. Following duplicate removal, 5721 articles remained

(see Figure 1). Following title/abstract screening, 157 studies remained for full-text screen-

ing. Following a full-text review, a total of 25 studies were included. Reliability between

coders exceeded 90% at all stages.

Figure 1. PRISMA flowchart of study screening and selection.

3.2. Study Characteristics

Appendix A provides an overview of the key characteristics of the included studies,

such as the country where the study was conducted, the age of the children involved, the

types of play materials used, and the specific cognitive domains assessed.

3.3. Publication Year Distribution

Studies were published between 1976 and 2024. A notable number of studies were

published in the 1980s and 1990s, with the most recent studies published in 2024. The early

2000s show a noticeable gap, with only a few studies.

3.4. Locations of Studies

Studies were conducted in 14 countries. Most were conducted in the United States

(14) and Canada (3). Three studies were conducted across two countries (the United States

and the United Arab Emirates). Two studies were conducted in Australia and Thailand,

respectively. Single studies were identified from Bangladesh, China, Singapore, Georgia,

Denmark, Switzerland, the United Kingdom, Belarus, and South Africa.
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3.5. Age Distribution of Participants

Most studies concentrated on children between 3 and 6 years old. Four studies

included children under two years old, and a few covered a broader age range. None of

the studies involved children above six.

3.6. Play Materials

Our review included studies investigating a range of play materials, such as blocks,

natural elements, sensory materials, and unstructured objects. While most studies incorpo-

rated play materials and toys that fit our definition of loose parts, the terms “loose part(s)”,

“loose parts play”, or “LPP” were explicitly mentioned in only one of the studies identified

(Jaruchainiwat et al. 2024).

3.7. Main Findings

How has indoor play with loose parts been studied in relation to cognitive de-

velopment, focusing on study designs, analysis methods, and the specific cognitive

domains explored?

All studies were quantitative. In Appendix B, we outline the methods and data

analyses employed. Sample sizes varied considerably across studies. There were a couple

of large-scale studies, such as Hamadani et al. (2010), which included 801 participants

in Bangladesh and Thepsuthammarat et al. (2012), which included 4116 participants in

Thailand. Studies with smaller sample sizes were Morrissey (2014) with 21 participants

and Malone et al. (1994) with 22 participants. Sample composition also differed across

studies, with some focusing on child dyads (e.g., Morgante 2013) or specific age groups

(e.g., Lysyuk 1998).

Observational and cross-sectional studies were most common (e.g., Jaruchainiwat

et al. 2024; Lloyd and Howe 2003; Morgante 2013). Some studies had longitudinal designs

(e.g., Hamadani et al. 2010; Morrissey 2014; Tomopoulos et al. 2006). While experimental

and quasi-experimental studies were less common (O’Connor and Stagnitti 2011; Pepler

and Ross 1981; Vieillevoye and Nader-Grosbois 2008), these studies identified relationships

using controlled conditions to manipulate variables like play materials or play settings

(e.g., indoor and outdoor, Jaruchainiwat et al. 2024).

Regression analyses were commonly used, often incorporating covariates (Hamadani

et al. 2010; Luo 2023; Masek et al. 2024; Thepsuthammarat et al. 2012; Vieillevoye and

Nader-Grosbois 2008; Wolfgang and Stakenas 1985). For example, Hamadani et al. (2010)

employed regression in a longitudinal study to account for factors such as age, household

assets, and education, while Luo (2023) utilized structural equation modelling to explore

associations in a cross-sectional design, considering variables like gender, age, and family

income. Analysis of variance was also widely employed to examine group differences and

interactions (Lehman 2014; Liddell and Masilela 1992; McCabe et al. 1996, 1999; Morgante

2013; Pepler and Ross 1981; Saracho 1992). Lehman (2014) used multivariate analysis of

covariance (MANCOVA) and multiple analyses of variance (ANOVA) to explore the effects

of disability, age, gender, and income in a cross-sectional study, while McCabe et al. (1996)

applied repeated-measure multivariate ANOVA (MANOVA) to analyze within-subject

variations across multiple variables.

Some studies primarily utilized correlational and frequency analyses to examine

relationships and descriptive patterns (Lloyd and Howe 2003; Malone et al. 1994; Morrissey

2014; Rogers 1984; Tizard et al. 1976). For instance, Lloyd and Howe (2003) investigated

partial correlations, controlling for variables such as age and sex to explore specific relational

dynamics. Similarly, Rogers (1984) employed Pearson correlation to analyze associations

across grouped data. Frequency analyses were used in studies like Morrissey (2014) to
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compare group patterns across sessions, highlighting general trends without testing specific

hypotheses. Other studies, such as Lloyd and Howe (2003), Lysyuk (1998), Maker et al.

(2023), and Pepler and Ross (1981), utilized frequencies. These studies used frequencies

alongside other methods, like correlations and group comparisons, to explore patterns.

3.8. Study Quality and Risk of Bias

Overall, the quality of the included studies was high, with only six having a “no” to the

question regarding confounders (see Appendix D). All studies had clear research questions

and collected data that addressed the research questions. In nine studies, insufficient

information was provided to determine whether the sample was representative of the

target population.

3.9. Cognitive Development and Subdomains of Cognition Studied

We included studies examining how children’s play with specific toys and play

materials influences cognitive development or subdomains of cognition such as IQ, cre-

ativity, problem-solving, and attention. The outcome measures used ranged from stan-

dardized cognitive assessments to observational ratings and analyses of play behaviours

(see Appendix C).

Most studies focused on children’s general cognitive development outcomes through

standardized assessment tools designed to measure cognitive abilities and intelligence

including non-verbal intelligence (Hamadani et al. 2010; Malone et al. 1994; McCabe et al.

1996, 1999; Rogers 1984; Thepsuthammarat et al. 2012; Tomopoulos et al. 2006; Vieillevoye

and Nader-Grosbois 2008; Wolfgang and Stakenas 1985). Additionally, several studies

used measures that captured multiple cognitive subdomains and skills simultaneously. For

instance, McCabe and colleagues (McCabe et al. 1996, 1999) used the McCarthy Scales of

Children’s Abilities, which assessed verbal ability, perceptual performance, quantitative

skills, memory, and motor development. Malone et al. (1994) included the Battelle Develop-

mental Inventory (BDI) to evaluate cognitive and communication development. Hamadani

et al. (2010) used a combination of cognitive and motor measures, including the Mental

Development Index (MDI) and the Psychomotor Development Index (PDI).

Language was another significant area of focus (Lehman 2014; Liddell and Masilela

1992; Lloyd and Howe 2003; Luo 2023; Malone et al. 1994; McCabe et al. 1996; O’Connor

and Stagnitti 2011; Tizard et al. 1976; Thepsuthammarat et al. 2012; Tomopoulos et al.

2006; Vieillevoye and Nader-Grosbois 2008). Subdomains of language explored included

vocabulary (Lehman 2014; Tizard et al. 1976), language comprehension (McCabe et al. 1996;

Tizard et al. 1976), total words spoken and syntax (Liddell and Masilela 1992), symbolic

naming (Liddell and Masilela 1992), and words and gestures (Hamadani et al. 2010).

Many studies focused on subdomains of cognitive development, exploring the re-

lationship between play and specific skills and capacities. These subdomains included

goal setting (Lysyuk 1998; O’Connor and Stagnitti 2011), problem-solving behaviours

(Lehman 2014; Maker et al. 2023; Pepler and Ross 1981; Thepsuthammarat et al. 2012),

creativity (Jaruchainiwat et al. 2024; Saracho 1992), analytic functioning (Rogers 1984), rea-

soning (Vieillevoye and Nader-Grosbois 2008), academic skills (i.e., reading and/or math,

Lehman 2014; Maker et al. 2023; Masek et al. 2024), attention (Jaruchainiwat et al. 2024),

and convergent and divergent thinking (Lloyd and Howe 2003; Pepler and Ross 1981). In

addition to exploring cognitive domains or play behaviours within the same study, two

studies explored children’s theory of mind, social behaviours, and pretend play competence

(Jaggy et al. 2023; Jaruchainiwat et al. 2024; O’Connor and Stagnitti 2011).

We identified many studies focused on children’s play behaviours as the outcome

(Jaggy et al. 2023; Lehman 2014; Lloyd and Howe 2003; Malone et al. 1994; Morrissey
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2014; Pepler and Ross 1981; Tizard et al. 1976; Trawick-Smith 1990; Saracho 1992). Among

these, Trawick-Smith (1990) investigated object transformation during play, and Tizard et al.

(1976) examined various play behaviours, types and/or levels of engagement. Uniquely,

Jaggy et al. (2023) investigated play behaviours through social pretend play competence

and social cognition (i.e., Theory of Mind). Jaggy et al. (2023) found that compared to

children in the control condition, children from the material condition had a significantly

more positive change in pretend play competence and showed more positive changes in

prosocial behaviours reported by educators; however, no differences between the material

condition and control group were found for changes in social pretend play competence

measured by the Tools of the Play Scale. Although our review does not focus on social

development, developing play behaviour competence with various play situations was

critical to include, as pretend play behaviours can contribute to cognitive advancement

indirectly (Jaggy et al. 2023).

What is the relationship between young children’s indoor play with loose parts and cognitive development?

Many of the studies found significant positive associations between play materi-

als and general cognitive development (Lloyd and Howe 2003; Pepler and Ross 1981;

Thepsuthammarat et al. 2012; Tomopoulos et al. 2006; Vieillevoye and Nader-Grosbois

2008; Wolfgang and Stakenas 1985). To provide a few examples, Thepsuthammarat et al.

(2012) explored the effect of play materials on cognitive outcomes by including 12 dif-

ferent categories of play materials and toys, some of which could be considered loose

parts (e.g., home utensils, sound-making toys, junk materials, natural materials, creative

materials, self-invented toys, stacking toys). Through a regression analysis, they linked

natural and creative materials with improved scores on the Capute Scale, which evaluated

problem-solving and language skills. Pepler and Ross (1981) demonstrated that divergent

play materials fostered originality and fluency in problem-solving, while convergent mate-

rials promoted strategic and task-focused problem-solving, leading to improved accuracy

and efficiency. Wolfgang and Stakenas (1985) highlighted that different categories of play

materials and toys (e.g., structured constructional toys and macro-symbolic play materials)

were associated with distinct cognitive outcome patterns through a regression analysis,

including verbal and quantitative development. They emphasized that structured con-

structional play with materials that maintain their form and shape, such as conventional

blocks or LEGO blocks, appears to positively influence verbal, perceptual performance,

quantitative, and memory development. Fluid constructional play materials with fluid

quality, such as paints or clay that can produce representational products, appear to mainly

contribute to perceptual performance. Macro-symbolic play, with child-sized equipment

and props used for socio-dramatic play, influences perceptual performance, as well as

quantitative and memory development. Thus, different categories of play materials were

linked to specific cognitive benefits. Only one standardized measure was shared among

a few studies: the McCarthy Scales of Children’s Abilities assessing general cognitive

abilities (McCabe et al. 1996, 1999; Wolfgang and Stakenas 1985). Among these studies,

while McCabe et al. (1999) and Wolfgang and Stakenas (1985) linked play materials to

general cognitive outcomes, McCabe et al. (1996) did not find a relationship.

Some studies explored the relationship between play materials and language de-

velopment, focusing on specific subdomains such as receptive and expressive language

(Tomopoulos et al. 2006), vocabulary, and language comprehension (Lehman 2014). For

instance, Tomopoulos et al. (2006) found that fine-motor and symbolic toys significantly

predict better language outcomes. Lehman (2014) identified that building toys like blocks

were linked to average receptive vocabulary skills in children with developmental delays.

In contrast, in the same study, alphabet and language materials supported similar out-

comes for typically developing children. Tizard et al. (1976) explored many aspects of
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play, including play materials; however, they did not correlate with comprehension and

expression scores on standardized language assessments. The Peabody Picture Vocabulary

Test, measuring vocabulary, was the only common language measure across some studies

(Lehman 2014; Lloyd and Howe 2003; Luo 2023; McCabe et al. 1996, 1999). Four of the

five studies that explored play materials and their relation to vocabulary found significant

relationships, and one did not (Luo 2023).

Several studies explored associations between play materials and toys on various

subdomains of cognitive skills (e.g., Jaruchainiwat et al. 2024; Masek et al. 2024). To high-

light a few examples, Lloyd and Howe (2003) linked solitary-active play with open-ended

materials to improved divergent thinking. Wolfgang and Stakenas (1985) found that con-

structional and symbolic play materials contributed to analytic functioning, memory, and

perceptual development. One study that distinctively explored children’s self-regulation

found that pretend play involving symbolic behaviours significantly correlated with better

self-regulation in children (Vieillevoye and Nader-Grosbois 2008). The only study that

focused on LPP and children’s creativity and attention was conducted by Jaruchainiwat

et al. (2024), who found that children’s creativity scores improved between pre- and post-

tests. However, these authors defined creativity as exploration, participation, enjoyment,

and persistence. Due to the unique goals and measures used and the outcomes discussed,

most studies had no common measurement framework. Table 2 provides a summary of the

specific cognitive subdomains examined across the included studies. It also indicates the

level of agreement among findings when multiple studies investigated the same cognitive

subdomain, highlighting areas of consistency or divergence in the research. A summary of

all findings is provided in Appendix C.

Table 2. Cognitive subdomains measured and agreement between study findings.

Studies Cognitive Subdomains Agreement Between Findings

Lehman (2014)
Pepler and Ross (1981)
Thepsuthammarat et al. (2012)

Problem-solving behaviours
Both found a positive relationship between
play materials and toys and
cognitive subdomains

Jaruchainiwat et al. (2024)
Saracho (1992)

Creativity
Both found a positive relationship between
play materials and toys and
cognitive subdomains

Lehman (2014)
Maker et al. (2023)
Masek et al. (2024)

Academic skills (reading/math)
All found a positive relationship between
play materials and toys and
cognitive subdomains

Lloyd and Howe (2003)
Pepler and Ross (1981)

Convergent and divergent thinking
Both found a positive relationship between
play materials and toys and
cognitive subdomains

While many studies found a relationship between children’s use of indoor LPP ma-

terials and cognitive outcomes, several studies did not. One study (Liddell and Masilela

1992) reported that fewer words were used when using miscellaneous and school readiness

materials (e.g., a large dice, a number, shape and colour sorter), and other toys and mate-

rials (i.e., drawings/posters). Five studies reported no significant relationships between

play materials and cognitive outcomes (Hamadani et al. 2010; McCabe et al. 1996; Tizard

et al. 1976). Hamadani et al. (2010) found that play materials were no longer significant

predictors of cognitive or language outcomes when nutritional status and child age were

controlled. Similarly, McCabe et al. (1996) also observed no significant effects of play mate-

rials on cognitive abilities, language use, or the diversity and complexity of children’s play
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behaviours. Finally, Jaruchainiwat et al. (2024) found that children’s attention remained

unchanged between the pre-test and post-test.

What covariates or control variables influence the relationship between play materials, play be-

haviours, and cognitive development?

Several studies used regression models or partial correlations to analyze the relation-

ship between play materials, behaviours, and cognitive development, at times revealing

the critical role of specific covariates such as age, socioeconomic factors, parental education,

and home environment (Hamadani et al. 2010; Lehman 2014; Thepsuthammarat et al.

2012; Tomopoulos et al. 2006; Trawick-Smith 1990; Vieillevoye and Nader-Grosbois 2008;

Wolfgang and Stakenas 1985). Child-specific factors, such as age and sex/gender, were

frequently identified as covariates or control variables (Lloyd and Howe 2003; Wolfgang

and Stakenas 1985; Trawick-Smith 1990). In Hamadani et al.’s study (Hamadani et al.

2010), the effect of age was investigated on cognitive outcomes, while sex/gender differ-

ences were explored in tasks involving problem-solving (e.g., Pepler and Ross 1981) and

memory (e.g., Wolfgang and Stakenas 1985). Only a couple of studies found an age and

gender effect on cognitive development in relation to play materials (Trawick-Smith 1990;

Wolfgang and Stakenas 1985).

Family and household covariates, including socioeconomic status (SES), parental edu-

cation, and maternal age, played a crucial role. SES and parental education determined

developmental outcomes (Hamadani et al. 2010; Wolfgang and Stakenas 1985). Wolfgang

and Stakenas (1985) specifically explored different play materials and their relation to

specific cognitive outcomes, finding that SES was predictive of young children’s verbal,

quantitative, and memory development scores. Furthermore, health and biological covari-

ates, such as birth weight and disability status, and their influence on cognitive outcomes

were explored (Thepsuthammarat et al. 2012). The researchers listed them initially but

did not report whether any of these covariates impacted children’s cognitive outcomes or

moderated the relationship between play materials and toys and cognitive development

in their regression model. Lehman (2014) demonstrated that disability status significantly

influenced the relationship between play materials and language outcomes.

4. Discussion

4.1. Summary of Results

This systematic review identified 25 studies examining the relationship between

children’s indoor play with materials and toys that fit the definition of loose parts by

Gull et al. (2019) and cognitive development. The majority of these studies reported posi-

tive associations between play materials and cognitive outcomes, while five studies did not

observe significant relationships. Seven studies did not explicitly analyze the relationship

between play materials and cognitive development or its subdomains. Below, we discuss

key empirical and methodological gaps identified, highlighting areas for future research

to address.

4.2. Empirical Gaps in Play Materials and Cognitive Domains Studied

First, many kinds of play materials and toys and cognitive development outcomes

are explored across studies. Notably, only one study explicitly used the term “indoor

loose parts”. Other studies included play materials and toys ranging from natural and

creative materials to symbolic and fine motor toys and structured constructional and macro-

symbolic play items. This variability in material options in the studies reflects the diversity

of how researchers conceptualize and operationalize the role of play and play materials in

cognitive development.
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In total, 5 of the 25 studies did not find significant results linking play materials or

behaviours to cognitive development (Hamadani et al. 2010; Luo 2023; McCabe et al. 1996;

Rogers 1984; Tizard et al. 1976). Also, several studies (Malone et al. 1994; Morrissey 2014;

O’Connor and Stagnitti 2011; Saracho 1992; Vieillevoye and Nader-Grosbois 2008) did not

focus on the relationship between play materials and toys and cognitive outcomes directly.

They examined various play types or behavioural aspects such as pretend play, sequential

play, and cognitive style, highlighting the role of play itself as an indicator of cognitive

processes. Despite the emphasis that these play types or behaviours were expressions of

cognitive processes in their own right, they reflected how play materials shaped children’s

behaviours and cognitive processes. We included these studies because they met our

inclusion criteria and offered valuable insights into children’s play; however, their analyses

or findings did not explicitly articulate the effect of materials. Nonetheless, since materials

were embedded in the play context, any observed relationship between play and cognitive

development was, by default, could have mediated through the materials used. They

challenged clear conclusions regarding play materials and cognitive development outcomes.

Taken together, the empirical evidence that shows the link between play materials and

cognitive development is limited to a handful of studies within our review.

While many studies focused on children’s general cognitive development, such as IQ,

overall mental development, and combined subdomains of cognition (e.g., Hamadani et al.

2010; Thepsuthammarat et al. 2012; Wolfgang and Stakenas 1985), others explored specific

domains, including language and academic outcomes. Language development was a

significant area of focus, with subdomains such as vocabulary, syntax, and symbolic naming

being assessed (e.g., Lehman 2014; Liddell and Masilela 1992; Tizard et al. 1976). Beyond

these core areas, several studies focused on subdomains like attention, creativity, problem-

solving behaviours, and social cognition, linking play materials to targeted capacities

such as cognitive flexibility, inhibition, reasoning, convergent and divergent thinking

(e.g., Pepler and Ross 1981; Lloyd and Howe 2003). One subdomain of cognition missing

from the research was executive function (EF), which is highly relevant and widely studied

in contemporary play research (Doebel and Lillard 2023; Koepp et al. 2022). The relationship

between children’s EF skills and play is critical because constructs such as working memory,

cognitive flexibility, and inhibitory control are foundational for self-regulation, problem-

solving, and learning (Lillard et al. 2013; Whitebread et al. 2012). However, the relationship

between EF and play, particularly in the context of LPP, remains underexplored and

warrants further investigation. The variability in play materials and the diversity of

cognitive domains assessed across studies underscores the potential of play materials and

toys to influence a wide range of cognitive skills and the challenges of synthesizing findings

to demonstrate consistent impact.

Only two studies focused on children’s mathematical outcomes (e.g., Maker et al. 2023;

Masek et al. 2024). Many practitioners and researchers often qualitatively report on the

important role of LPP in children’s engagement in STEM behaviours and explorations

(Gold et al. 2015; Gull et al. 2024, e.g., building, experimenting, and problem-solving).

Gull and colleagues (Gull et al. 2024) explained in detail how loose parts can inspire and

encourage children to use their creativity and critical thinking skills in the classroom with

science curriculum at any age. Also, a recent teacher action research study by Zeng and Ng

(2024) investigated the influence of open-ended questions on five children’s science process

skills and the scientific concepts children explore during indoor LPP experiences. Research

is needed to determine how loose parts might support STEM learning and explorations

across age groups and the specific materials or configurations that encourage scientific and

mathematical concepts exploration (Gold et al. 2015). Empirical studies should investigate



J. Intell. 2025, 13, 52 14 of 40

whether and how indoor loose parts facilitate early engineering skills, spatial reasoning, or

scientific inquiry, providing evidence-based guidance for educators and caregivers.

4.3. Methodological Gaps

4.3.1. Study Designs

Without targeted and explicit studies on children’s LPP employing longitudinal de-

signs or robust data collection and analysis, drawing conclusions about the role of LPP

in children’s cognitive development remains challenging. While longitudinal designs are

crucial for understanding the role of play materials in children’s cognitive development,

only a few studies have adopted this approach. Drawing conclusions about children’s LPP

and its impact is also challenging without robust data collection and analysis that explicitly

focuses on LPP. Longitudinal studies on the role of LPP are inherently difficult to conduct

due to their extended time frames, significant resource demands, and the complexity of

isolating variables over time. However, alternative methodologies, such as highly con-

trolled experimental studies or regression models, can provide valuable insights into the

factors influencing children’s engagement with play materials and their cognitive effects.

Controlled studies allow for the systematic manipulation of play materials and behaviours

while accounting for covariates like age, SES, and parental education, as seen in research

by Hamadani et al. (2010). In two different play studies, Hashmi et al. (2021, 2022) ran-

domly provided four alternate boxes of the same materials, demonstrating an innovative

approach to exploring how material variation can affect children’s play and cognitive

outcomes. By allowing children to engage with multiple material options within the same

trial, researchers focusing on LPP could reveal whether certain combinations or types of

loose parts promote specific cognitive skills, such as divergent thinking, self-regulation, or

executive functioning, more effectively than others. Additionally, this method highlights

the importance of flexibility in material choices, ensuring that findings account for how chil-

dren’s preferences and engagement levels might shift when provided with diverse options,

reflecting the real-life application of LPP. Future research should build on this approach and

could systematically test material variability within sessions to understand the potential of

LPP to support cognitive and developmental outcomes. These approaches can help identify

relationships and the contexts in which play materials and toys are most effective.

4.3.2. Covariate Explorations

Many studies explored key covariates or control variables, including age, SES, parental

education, and home learning environments. These factors played a critical role in moder-

ating or mediating these relationships, underscoring the importance of considering these

factors in future studies. Only a few studies focused on diversity factors such as SES and

learning environments (e.g., Luo 2023; Hamadani et al. 2010; Lehman 2014; Wolfgang and

Stakenas 1985). These studies underscored the need for research explicitly addressing how

covariates can mediate or moderate the impact of play materials and play behaviours on

cognitive outcomes. Play is often analyzed through observations and linguistic output

(e.g., Liddell and Masilela 1992; Morrissey 2014; Tizard et al. 1976). Given the linguistic,

socioeconomic, and cultural diversity in regions such as North America and Europe, studies

that examine these variations are crucial for understanding how children from different

backgrounds use and potentially benefit from play materials. For instance, cultural norms

may influence the types of materials children prefer or how they engage in specific play

behaviours (Lin and Li 2020). Similarly, linguistic diversity may shape children’s observed

symbolic communication or vocabulary during play. Exploring these dimensions would

provide a more nuanced understanding of how play materials support cognitive and social-
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emotional development across varied contexts, highlighting the importance of culturally

responsive approaches in research and practice.

4.4. Strengths and Limitations

This review provides a novel contribution to the literature in that it provides the first

synthesis of studies that report on the relationship between indoor LPP and children’s cog-

nitive development. LPP is a notable topic of interest to researchers, parents, and educators

in early learning environments, so it is important to compile what is known about the value

of these play materials. While this review provides valuable information, it has several

limitations. First, a few studies directly investigated the relationship between cognitive

development, play materials and toys that meet the criteria of loose parts. As a result, the

lack of data inhibits firm conclusions about the findings and the relationship between these

play materials and children’s development. Second, it is difficult to directly compare study

findings due to their methodological heterogeneity (e.g., covariates). Additionally, study

heterogeneity restricted the ability to meta-analyze the results.

We selected studies with play materials and toys that met our definition of LPP. How-

ever, some studies explored play behaviours, play types, and their impact on cognitive de-

velopment with minimal focus on materials (Lloyd and Howe 2003; Malone et al. 1994; Mor-

rissey 2014; Pepler and Ross 1981; Tizard et al. 1976; Vieillevoye and Nader-Grosbois 2008).

Play behaviours are considered the leading source for development; they may serve as indi-

cators of cognitive outcomes because they reflect children’s ability to articulate their ideas,

problem-solve, think creatively, and engage in symbolic thought (Bodrova and Leong 2007;

Vygotsky 1967; Whitebread et al. 2012; Yogman et al. 2018). Examining play behaviours to

draw conclusions about the relationship between play materials and cognitive outcomes

was not always straightforward or reliable. The variability in findings across studies high-

lights the complexity of isolating the impact of play materials from behaviours on cognitive

development. Despite these limitations, play behaviours remain a central focus in some

studies, offering insights into children’s cognitive processes.

5. Conclusions

This systematic review highlights the complex relationships between play materials,

play behaviours, cognitive development, and outcomes, emphasizing the need for further

research to address existing gaps. The goal was to explore the relationship between

indoor LPP and cognitive development outcomes in young children (ages 0–6). It also

examined how indoor LPP has been studied in relation to cognitive development, focusing

on study designs and outcome measures. While many studies found a positive, significant

relationship between LPP and cognitive outcomes, we identified mixed findings and gaps

in the existing literature. Future research should prioritize longitudinal and experimental

designs that account for key covariates while incorporating qualitative methods to capture

the nuanced ways children interact with loose parts and other toys during play. Greater

attention to underexplored areas, such as the role of executive function in children’s play

with loose parts and the impact of cultural and linguistic diversity, is essential. Given

the variability of loose parts, examining different versions of loose parts play kits may

help determine whether these materials consistently support quality play experiences that

contribute to cognitive development. Future studies can provide more comprehensive and

actionable insights regarding how these materials impact children of different ages and

diverse backgrounds by addressing these gaps, ultimately supporting educators, parents,

and policymakers to create enriched play environments that support children’s diverse

developmental needs. The review identified many underexplored cognitive subdomains

and revealed methodological limitations regarding indoor LPP in the current literature. We
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propose a more integrated research agenda incorporating experimental and longitudinal

designs to produce nuanced and reliable evidence explicitly focusing on how loose parts

can impact cognitive development in early learning environments and at home before

age six. In doing so, this review challenges existing assumptions about how material

affordances in early childhood can support cognitive development across diverse contexts.
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Appendix A. Study Characteristics

Author Location Child Age Play Materials

Hamadani et al. (2010) Bangladesh Under 2

Toys for playing music, drawing, writing, constructing, stacking, building, moving (e.g., balls,

bats), learning shapes and colours, and pretending (e.g., dolls, tea sets). These objects were

homemade and found in homes, outside, and toy stores.

Jaggy et al. (2023) Switzerland 2 to 5 years old

The material condition—a standardized set of firefighter-themed role-play materials, including

structured items like helmets and unstructured items like wooden blocks and silk scarfs. New

materials were introduced in each session, such as crowns and medical kits, except for the last.

The play tutoring condition—same materials, but adults tutored social pretend play.

The control group engaged in free play and handicraft activities.

Jaruchainiwat et al. (2024) Thailand 3 to 5 years old

A photograph of the indoor loose parts kit showed a variety of materials, including pompoms,

small pipes, small wooden cubes, yarn balls, stones, etc. The authors did not provide

descriptions of the full range of materials.

Lehman (2014) United States 3 to 5 years old

Blocks, LEGOs, sand, water, commercial, educational toys (e.g., Lite-Brite©, puzzles, sorting

cups, bead stringing), toy vehicles and work machines (e.g., cars, trains, trucks, backhoe loaders),

dress-up items, playhouse, toy kitchen, dishes, and plastic food.

Liddell and Masilela (1992) South Africa 2 to 6 years old

The study investigated 16 different play materials grouped into six functional categories:

School-readiness materials included a number sorter, a shape and colour sorter, and large

wooden number dice.

Drawing/Posters consisted of large A3 scribbler pads with wax crayons and two child-height

conversation posters depicting familiar scenes for black South African children, such as daycare

and farm life.

Puzzles comprised seven wooden puzzles, sampled twice each, showing familiar scenes like

vegetables, a child’s face, and a cow in a field.

Construction Blocks included four types of commercially available blocks—Duplo (3), Alex

School System (3), Kwikslot (plastic rods that are inserted into one another) (4), and Buksy

wooden floor blocks (4). Fantasy Toys featured two dolls (5), four toy cars (5), and a set of

small-town replicas with houses, trees, schools, churches, trucks, and people (4).

Miscellany included two wheelbarrows (7) and two large multi-coloured balls (7).
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Author Location Child Age Play Materials

Lloyd and Howe (2003) Canada 4 to 5 years old Various play materials: open- and closed-ended

Luo (2023) China 3 to 6 years old

Outdoor physical materials for outdoor environment activities. Various indoor game activity

areas and activity materials. The general social-psychological environment between teachers and

children communicating and interacting. Curriculum implementation of plan execution, life

activities, learning centre activities, and teaching activities. They used colourful pictures and

small pictures for language development.

Lysyuk (1998) Belarus 2 to 4 years old Small dolls, six wooden blocks of different shapes, clay, a box with coloured pencils, and paper.

Maker et al. (2023)

United States

and United

Arab Emirates

4 to 6 years old

Variety of materials including instruments (keyboard, ukulele), balls, cones, materials of hats,

masks, glasses, various clothing, figures of people and animals, miniature furniture, and blocks

of various shapes and colours.

Malone et al. (1994) 2- to 6-year-olds

Three sets of toys for children’s independent play: a mixed set with various play materials

(blocks, dolls, animals, trucks, tools, cloth, puzzle), a set focused on doll play (dolls, action

figures, nesting cups, mirror, brush, comb, cloth, basket), and a set centred on vehicle play

(plane, puzzle people, wagon, blocks, bulldozer, basket). Classroom play: a wide variety of toys

(e.g., doll play materials, housekeeping materials, assorted toy vehicles, blocks, puzzles, books,

manipulative toys).

Masek et al. (2024) United States 2 to 3 years old

Four material sets were used: A picture book; a shape sorter, including 12 shapes; a magnet

board, including 25 magnetic shapes; and a grocery shopping set, including a cash register, play

money and play food items.

McCabe et al. (1996) United States 5 years old

Study a: For each play activity category, three familiar activities were selected. Functional

activities included Styrofoam packing pellets, goop (cornstarch and water), and play dough with

tools. Constructive activities involved Lego Duplo blocks, magic markers with paper, and

collage-making materials. Dramatic activities featured dress-up clothes with a toy cash register,

Fisher-Price playhouses with figures and cars, and toy trains with tracks.

Study b: Functional activities included a water table with cups, scoops, goop, and play dough.

Dramatic activities featured dress-up clothes with a toy cash register, Fisher-Price playhouses

with figures and cars, and toy cars and trucks with a town-themed play mat.



J. Intell. 2025, 13, 52 19 of 40

Author Location Child Age Play Materials

McCabe et al. (1999) United States 5 years old

Functional play included Styrofoam packing pellets in a cardboard box, “goop” made from

cornstarch and water, and Play-Doh with tools. The constructive play involved LEGO DUPLO

building blocks, markers, stencils, paper, and collage-making materials with glue.

Dramatic play featured dress-up clothes with a toy cash register, Fisher-Price playhouses with

people and cars, and Brio trains with train tracks.

Morgante (2013) United States 3 to 4 years old

Children played at a sensory table filled with either rocks, sand, soil, or water (equal amounts).

They were provided with one of two sets of materials stored in clear plastic boxes. Objects in

each box were perceptually similar and matched for function (e.g., digging, pouring,

containment); they varied in their realism.

The minimally structured set included items that loosely represented realistic objects and had

multiple uses. Examples from this set included animal and sea animal cookie cutters, plastic

tubes, small buckets, wooden dowels, plastic soap dishes, spoons of assorted sizes, doll

clothespin-painted people, and wooden block-shaped vehicles.

The highly structured set featured more realistic objects, each with a specific function. Examples

from this set included animal and sea animal figures, plastic flowerpots, silk flowers, small boats,

insect figures, cake pans, Disney’s Little Einstein figurines, garden shovels, and

fruit-shaped sponges.

Morrissey (2014) Australia Under 2

Various play materials: Level 1: Simple items like a teddy bear, plastic cups and utensils, a small

basket, a baby hairbrush, and a tablecloth. Level 2: Expanded to additionally include wooden

blocks, material squares, a metal teapot, a doll’s pillow, a plastic truck, and small animal figures

(e.g., cat, dog, cow). Level 3: Included similar items as Level 2, but added a doll, assorted

wooden blocks, a plastic plate, and a bath duck, offering a more complex and varied set of

materials for play.

O’Connor and Stagnitti (2011) Australia 5 to 8 years old Four play stations with materials for doll play, transportation, construction, and a home corner

Pepler and Ross (1981) Canada 3 to 4 years old

Study a: Five distinct sets: animals, vehicles, regular shapes, random shapes, and squares.

Additionally, one set consisted of nine different-coloured pieces that fit into a white form board.

Study b: Five distinct sets: animals, vehicles, regular shapes, random shapes, and squares.

Additionally, one set consisted of nine different-coloured pieces that fit into a white form board.
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Author Location Child Age Play Materials

Rogers (1984) United States 3 to 6 years old

Play materials and their accessories were contained in 23 different centres: block centre, easel

centre, play dough centre, art centre, dress-up centre, water/sand/salt centre, loft centre,

building centre, chalkboard centre, puzzle centre, book centre, music centre, toy centre, games

centre, workbench centre, puppet centre, science/nature centre, math centre, push-pull centre,

perceptual-motor centre, self-propulsion centre, doll centre, and home centre.

Saracho (1992) United States 3 to 5 years old
Various play materials: small unit blocks, large hollow blocks, block accessories, tricycles, and

small pieces of equipment such as puzzles, rods, or peg sets.

Thepsuthammarat et al.

(2012)
Thailand Under 2

Various play materials: push/pull toys, home utensils, sound-making toys, junk materials, dolls

and other soft toys, natural materials, storybooks, creative materials, writing materials,

self-invented toys, stacking toys, and musical cassettes.

Tizard et al. (1976)
The United

Kingdom
3 to 4 years old

Fixed exercise equipment, wheeled vehicles, ladders, large blocks, small construction toys,

formboards, paints, clay, sand, dolls, and miniature cars with garages and trains.

Tomopoulos et al. (2006)

United States

and United

Arab Emirates

Under 2

Rattle, toys on a ring, soft squeeze toy, mirror, soft person or clown, sock rattle, black-and-white

pattern items, activity and manipulative toys like pop-up toys, toy instruments, stacking toys,

snap beads or links, blocks, push-and-spin toys, and shape sorters. For imaginative play, options

include stuffed animals, bath rubber ducks, word-recognition toys, toy telephones, dolls, small

cars or trucks, toy radios, and bath boats.

Trawick-Smith (1990) United States 3 to 6 years old Toy telephone, wheel of a car, cardboard box, doll, cups.

Vieillevoye and

Nader-Grosbois (2008)
United States

2 to 5 years old

for typically developing

group; 6 to 13 years old

developmentally

challenged group

Four scenarios with four types of materials: tea party, doctor, transportation, and

symbolic creativity.
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Author Location Child Age Play Materials

Wolfgang and Stakenas (1985) United States 3 to 6 years old

Fluid construction materials (e.g., paints or clay) are malleable, allowing children to create

representational products. Structured construction materials (blocks or puzzles) maintain their

shape, enabling the creation of representational products. Micro-symbolic materials are small,

hand-held toys representing real objects (miniature soldiers, dolls or cars). In contrast,

macro-symbolic materials consist of child-sized equipment and props used in socio-dramatic

play. Physical materials include objects or equipment (e.g., balls or climbing frames) primarily

designed for sensorimotor or physical activities.

Appendix B. Summary of Methods and Data Analyses

Citation Study Type Sample Size Data Analysis or Analyses

Hamadani et al. (2010) Longitudinal 801
Correlations, frequency distributions, regression

(covariates: age, household assets, education)

Jaggy et al. (2023)
Randomized, experimental,

pre-test–post-test design
211 Descriptives, correlations, Latent Neighbour Change Model

Jaruchainiwat et al. (2024) Pre-test–post-test quasi-experimental design 50 T-tests

Lehman (2014) Cross-sectional 148
MANCOVA, multiple ANOVA, regressions (covariates: disability, age,

gender, income)

Liddell and Masilela (1992) Cross-sectional, observational Not reported ANOVA

Lloyd and Howe (2003) Cross-sectional 72
Frequencies, partial correlations, T-tests (partial corrections controlling

for age, sex)

Luo (2023) Cross-sectional, observational 1642
Correlation and regression (structural equation modelling)

(covariates: gender, age, family income)

Lysyuk (1998)
Cross-sectional

(grouped by age)
166 Chi-Square, frequencies
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Citation Study Type Sample Size Data Analysis or Analyses

Maker et al. (2023) Cross-sectional, observational 917 Percentages

Malone et al. (1994) Cross-sectional, randomized 22 Correlational analysis

Masek et al. (2024) Cross-sectional, within-subjects 42
Logistic regression (covariates: parent age, parent education, toddler age,

toddler gender)

McCabe et al. (1996) Study a and b: Cross-sectional within subjects
Study a: 24

Study b: 24

Study a and a:

Multivariate repeated measures ANOVA (MANOVA)

McCabe et al. (1999) Randomized, quasi-controlled 24 MANOVA

Morgante (2013) Cross-sectional (dyads by gender) 36 Repeated measures ANOVA

Morrissey (2014) Non-randomized, longitudinal 21 Frequencies, group comparison across sessions

O’Connor and Stagnitti (2011) Quasi-experimental design 35 Non-parametric tests, ANCOVA (covariates: baseline age)

Pepler and Ross (1981) Study a and b: Cross-sectional, experimental
Study a: 64

Study b: 72

Study a and b:

Frequencies, ANOVA (covariates: age, sex)

Rogers (1984) Cross-sectional, grouped by age 49 Pearson Correlation Coefficients

Saracho (1992) Cross-sectional (over three months) 300 MANOVA (covariates: cognitive style, sex, age)

Thepsuthammarat et al. (2012) Cross-sectional 4116

Multiple linear regression (covariates: parent factors were age, education,

marital status, and income; child factors were sex, weight, height,

gestational age, birth weight, breastfed, hospital admission, mother’s

attachment, family size, number of siblings, iodine consumption,

and life events)

Tizard et al. (1976) Cross-sectional 109 Correlational, percentages

Tomopoulos et al. (2006) Longitudinal cohort study 73 Pearson correlations, multiple linear regressions

Trawick-Smith (1990) Cross-sectional, observational 32 Regression (covariates: sex, age)

Vieillevoye and

Nader-Grosbois (2008)
Quasi-controlled experiment 80 Correlations, cluster analysis, multiple regressions (covariate: mental age)

Wolfgang and Stakenas (1985) Cross-sectional 30 Regression (covariates: age, SES, sex)
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Appendix C. Summary of Cognitive Development and Subdomains Studied, Measures Used, and Findings

Citation
Cognitive Development and Subdomains Studied and

Measures Used
Findings

Summary of the Relationship Between Loose

Parts and Cognitive Development

Hamadani et al. (2010)

Language—MacArthur Communicative Development

Inventory (Words and Gestures)

Cognitive and Motor—Family Care Indicator (FCI), Mental

Development Index (MDI), and Psychomotor Development

Index (PDI)

Most regressions found a significant relationship between play

materials and cognitive outcomes. The relationship was no longer

significant when children’s nutritional status was controlled. Most

regressions found a significant relationship between play activities

and cognitive outcomes. The relationship was no longer significant

when the analyses controlled for child age. The models explained

between 16% (psychomotor) and 31% (language comprehension) of

the variance in outcomes.

Play materials: no, when nutritional status was

considered as a control variable, the predicting

power of play materials was no

longer significant

Play behaviours: no, when age was considered

as a control variable, the predicting power of

play behaviours was no longer significant.

Jaggy et al. (2023)

The Tools of the Play Scale (ToPS) evaluated children’s

ability to substitute objects, actions, speech, and emotions

during pretend play.

The Playgroup Educator-Reported Social Pretend Play

Competence (RPPC) Questionnaire rated children’s pretend

play frequency, social involvement, and quality.

Educator reports on social behaviour assess children’s

empathy, social behaviour, and peer relationship quality.

The Extended Theory of Mind Scale (EToM) evaluated

children’s understanding of others’ beliefs and desires.

The social-emotional competence subtest from the

Intelligence and Developmental Scales (IDS-P) evaluated

recognition of emotions and understanding of

social situations.

Children in the material condition exhibited more positive changes

in pretend play competence (reported by playgroup educators).

No differences were found for changes in social pretend play

competence measured by the ToPS.

No differences between the play tutoring condition and material

condition were found for changes in social pretend play competence,

emotional understanding and ToM, cooperation, sociability,

leadership, and setting limits.

No differences between material condition and control group were

found for changes in social pretend play competence measured by

the ToPS, social-cognitive and emotional skills, social behaviour, and

positive peer relationships.

Play materials: yes

Play behaviours: not explore

Jaruchainiwat et al. (2024)

Creative thinking behaviour was measured using a

frequency record of three categories of behaviour:

exploration, participation and enjoyment, and persistence

(10 items).

Attention span was measured using a frequency record

of attention.

Post-test scores measuring creative thinking behaviours were

significantly greater than pre-test scores. All three categories of

creative thinking behaviour were significantly greater in the

post-test recordings.

Play materials: yes

Play behaviours: not explored
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Citation
Cognitive Development and Subdomains Studied and

Measures Used
Findings

Summary of the Relationship Between Loose

Parts and Cognitive Development

Lehman (2014)

The Woodcock-Johnson Third Edition (WJ-III) measured

literacy through the Letter-Word Identification subtest and

math achievement (Applied Problems and Quantitative

Concepts subtests).

The Peabody Picture Vocabulary Test (PPVT) measured

receptive vocabulary.

Teacher Questionnaires identified the most frequent

activities chosen by the child.

Parent Questionnaire gathered information on children’s

gender, ethnicity, age, and disability type.

Among children with developmental delay, choosing toys like

blocks, LEGOs, or K’NEX during free play in preschool is related to

average receptive vocabulary skills.

For children without disabilities, choosing alphabet and language

materials during free play relates to average receptive vocabulary

skills in kindergarten. This relationship could not be compared with

children with developmental delays, who prefer building toys.

Free-play activity choice in preschool is unrelated to student

achievement for five-year-old children.

Among four-year-old children with developmental delay, choosing

to build toys during free play is related to average applied

problem-solving skills in first grade. For four-year-olds without

disabilities, choosing alphabet and language materials during free

play is related to average receptive vocabulary skills in kindergarten.

Free-play activity choice is unrelated to five-year-old children’s

academic competence, regardless of developmental delays.

Play materials: yes

Play behaviours: no, not significant

Liddell and Masilela (1992)

Total speech was calculated by adding the total number of

words spoken by adults and children in a

ten-minute transcript.

Vocabulary was measured as the total number of words

spoken in a ten-minute transcript, scored separately for

parents and children.

Syntax was coded based on grammatical structure,

identifying commands, informs, and questions.

School-related concepts were coded by identifying

utterances that referred to numbers, colours, comparative

estimates, or shapes linked to early scholastic achievement.

Children spoke the fewest words when using miscellaneous and

school-readiness materials. Other materials led to more speech.

Miscellaneous objects were associated with a limited vocabulary

compared to a greater vocabulary for other materials.

Children most frequently exchanged information when using

drawings/posters and least when using miscellaneous objects.

School-related concepts were almost exclusively referred to when

using school-readiness materials.

Children engaged in symbolic naming most often with

drawings/posters and least with miscellaneous objects and

school-readiness materials.

Play materials: yes

Play behaviours: not explored



J. Intell. 2025, 13, 52 25 of 40

Citation
Cognitive Development and Subdomains Studied and

Measures Used
Findings

Summary of the Relationship Between Loose

Parts and Cognitive Development

Lloyd and Howe (2003)

Play: Observed with the Play Observation Scale, tracking

how children played and used materials

Convergent Thinking: Picture Completion subtest

(WISC-R/WPPSI-R)

Peabody Picture Vocabulary Test (PPVT-R)

Divergent Thinking: Thinking Creatively in Action and

Movement Test (TCAM)

Open-ended materials were linked to both intended and

non-intended uses, while closed-ended materials were exclusively

associated with intended uses, controlling gender and material type.

Closed-ended materials and their intended use were positively

correlated with PPVT-R.

Solitary-active play with the intended use of materials was positively

associated with the total TCAM score, fluency subtest, and

originality subtest.

Solitary-active play with closed-ended materials was positively

correlated with the originality subtest.

Partial correlations (controlling for gender) indicated that

solitary-passive play was significantly and positively associated with

open- and closed-ended materials and their intended use.

Reticent behaviour (hesitation to engage or reveal thoughts) was

negatively related to convergent and divergent thinking measures,

with a stronger relationship observed for divergent measures.

Play materials: yes

Play behaviours: yes

Luo (2023)

The Path towards Excellence–Chinese Kindergarten

Education Quality Rating Standards (PTE-CKEQRS)

measured management guidance, environmental support,

curriculum promotion, guarantee of teachers’ qualification,

and home-kindergarten-community cooperation. Each had

several sub-projects with detailed evaluation indicators

using the seven-point Likert scale.

The Peabody Picture Vocabulary Test (PPVT) measured

receptive vocabulary.

Early achievements in language were weakly to moderately

correlated with learning centre planning/materials. Additionally,

learning centre planning/material was moderately to highly

correlated with psychological atmosphere and curriculum

implementation quality. Correlations with all four variables and

with early achievement in language were positive.

Learning centre planning/materials and outdoor venues/facilities

did not directly predict children’s early achievement in language.

Play materials: no

Play behaviours: not explored

Lysyuk (1998) Cognitive (Goal setting) no specific measure

Younger children (groups I and II) predominantly engage in

activities characterized by a “one toy: one goal” relationship.

Significant changes were observed as children aged, with older

children (groups III and IV) increasingly demonstrating more

complex relationships, such as “different toys: toy-specific goals”

and “different toys: one identical goal.”

Play materials: yes

Play behaviours: not explored
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Citation
Cognitive Development and Subdomains Studied and

Measures Used
Findings

Summary of the Relationship Between Loose

Parts and Cognitive Development

Maker et al. (2023)

Problem-solving behaviour observations

The study assessed children’s abilities across various

domains using specific materials and tasks:

Auditory: Children repeated rhythms and tones

(closed problems) and created original songs or chants using

instruments like a ukulele or keyboard (open problem).

Bodily/Somatic: Children balanced on one foot and caught

a ball (closed), added movements to a series (semi-open),

and created movements to accompany music (open).

Emotional/Intrapersonal: Children mimicked emotions

(closed), interpreted ambiguous emotions in pictures

(semi-open), and used props to describe their feelings (open).

Linguistic: Children described toys (closed), explained a

picture (semi-open), and made up a story with toys (open).

Mathematical: Children counted cubes of different colours

(closed), grouped attribute blocks by similarity (semi-open),

and created their own groups based on different

attributes (open).

Mechanical/Technical: Children replicated a gear train

(closed), then built their own complex gear train with

additional materials (open).

Moral/Ethical/Spiritual: Children described and resolved a

conflict (semi-open) and depicted qualities of a good

person (open).

Scientific/Naturalistic: Children identified living things in a

desert or ocean (closed), described objects (semi-open), and

grouped items by characteristics like function or

movement (open).

Social/Interpersonal: Children were tasked with building a

bridge collaboratively (open), while also being assessed on

their social interactions and teamwork.

Visual/Spatial: Children replicated a construction (closed),

built a car (semi-open), and created a unique construction

with provided materials (open).

In the auditory/sound, scientific/naturalistic, and

emotional/intrapersonal domains, the percentage of

problem-solving behaviours consistently increased each year from

age 4 to 6. However, in the mechanical/technical, bodily/somatic,

and social/interpersonal domains, some behaviours decreased at

age five before increasing again at age 6. Similarly, in the linguistic

and visual/spatial domains, most behaviours showed an overall

increase from age 4 to 6, with the exception of one behaviour in each

domain that decreased at age 6. In the mathematical domain, two

behaviours decreased at age five and increased at age 6, while one

behaviour decreased consistently at age 6.

Play materials: yes

Play behaviours: not explored
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Citation
Cognitive Development and Subdomains Studied and

Measures Used
Findings

Summary of the Relationship Between Loose

Parts and Cognitive Development

Malone et al. (1994)

Categorical and Sequential Play Coding Systems were

employed to categorize and analyze the types and

complexity of children’s play. Play behaviours were coded.

Battelle Developmental Inventory (BDI) was used to

measure the children’s cognitive and

communication development.

For play behaviours, the independent-play condition showed

stronger associations between categorical and sequential play

behaviours, with children engaging more in sophisticated play

sequences at home than in the classroom. Sequential play measures

(e.g., multi-scheme sequences and length of play sequences) were

positively associated with cognitive, receptive communicative, and

expressive communicative developmental ages in both settings.

Play materials: not explored

Play behaviours: yes

Masek et al. (2024)

Math words/phrases per minute were calculated based on

each of the three types of math talk: numeracy, spatial,

or magnitude.

Children’s math comprehension was assessed through three

tasks: Point-to-Shape, Point-to-Spatial-Relation, and

Point-to-X. In each task, children identified the correct

picture for each trial.

Children’s total math talk was positively correlated to children’s age.

Children were more likely to use numeracy than other forms of math

talk. Children’s math talk was statistically different between

materials and was greatest when playing with the grocery shopping

set, even when accounting for parent sex and parent

dominant language.

Numeracy talk was more frequent with the picture book and grocery

shopping set than with the shape sorter and magnet board. Spatial

talk was more frequent when playing with the magnet board and

shape sorter than with the grocery shopping set and picture book.

Children were likelier to use magnitudes when playing with the

grocery shopping set and the magnet board than with the picture

book. They were also more likely to use magnitudes with the

magnet board than the shape sorter.

Children’s overall math talk showed moderate to large effect sizes

on toddlers’ spatial understanding.

Play materials: yes

Play behaviours: not explored

McCabe et al. (1996)

Study a and Study b:

The McCarthy Scales of Children’s Abilities (McCarthy)

assesses general cognitive abilities.

The Peabody Picture Vocabulary Test-Revised (PPVT-R)

measured receptive vocabulary.

The Test for Auditory Comprehension of Language-Revised

(TACL-R) includes two sections, Grammatical Morphemes

and Elaborated Sentences, used to assess language use.

Study a and Study b:

No significant results. The category of play materials did not affect

the amount, diversity, or complexity of language used.

Study a and Study b:

Play materials: no, not significant

Play behaviours: not explored
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Citation
Cognitive Development and Subdomains Studied and

Measures Used
Findings

Summary of the Relationship Between Loose

Parts and Cognitive Development

McCabe et al. (1999)

The McCarthy Scales of Children’s Abilities (McCarthy)

assesses general cognitive abilities.

The Peabody Picture Vocabulary Test-Revised (PPVT-R)

measures receptive vocabulary.

The category of play materials had a significant effect. Functional,

constructive, and dramatic play materials each elicited more of their

respective types of play and amount of play. Specific toys within

each category varied in their effectiveness in engaging children and

eliciting expected play types: DUPLOs and markers were effective

for constructive play. Dress-up clothes and Fisher-Price houses were

effective for dramatic play. The choice of specific toys within each

category influenced the type and amount of play observed. The

McCarthy GCI and PPVT-R were negatively correlated to the

amount of functional play overall and functional play with

constructive and dramatic materials. The McCarthy was positively

correlated to dramatic play with functional materials whiel the

PPVT-R was positively related to overall dramatic and constructive

play as well as constructive play with constructive materials. The

percentage of dramatic play also accounted for the variance in the

number of different words used.

Play materials: yes

Play behaviours: yes

Morgante (2013)
The Play Observation Scale was used to record the

predominant cognitive play form and social context.

The surface of the sensory table significantly influenced various

types of play behaviours. Functional, constructive, and dramatic

play all showed main effects based on the surface type, with water

encouraging the most functional play and sand and soil promoting

the most constructive play. Dramatic play occurred more frequently

with water than with rocks.

Highly structured objects led to more dramatic play, while minimally

structured objects fostered more functional play. Interestingly, highly

structured objects, expected to increase social play, instead pulled for

more solitary-constructive and solitary-dramatic play. Minimally

structured objects promoted greater socialization through parallel

and social play and social-constructive play when nested.

One significant interaction was found between objects and dyads in

parallel-functional play, where heterogeneous dyads engaged in

more parallel-functional play with the minimally structured object

set than homogeneous male-male dyads. Several significant

interactions between surface and object types were observed,

particularly in constructive and parallel play. For instance, coupling

sand with highly structured objects increased constructive play in

heterogeneous dyads, whereas sand paired with minimally

structured objects increased parallel play.

Play materials: yes

Play behaviours: not explored
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Citation
Cognitive Development and Subdomains Studied and

Measures Used
Findings

Summary of the Relationship Between Loose

Parts and Cognitive Development

Morrissey (2014)

The Pretend Play Observation Scale measured the stages of

pretend play in both children and mothers. For children, it

assessed the most advanced level of pretend play they

showed, from simple actions to complex transformations.

For mothers, it focused on their role in modelling and

supporting play, evaluating the highest level of pretend play

they demonstrated, excluding planning and simple actions.

The scale looked at actions and verbal cues to determine the

play level.

Children showed a significant increase in the frequency and

complexity of pretend play behaviours across three sessions. Play

levels advanced from early stages (Stage 1) in Session 1, to higher

stages (up to Stage 10) by Session 3, with a noticeable decline in

lower-level pretend play and an emergence of more complex

play behaviours.

Mothers initially engaged in more play behaviours than their

children. Still, by Session 3, children’s play frequencies matched or

exceeded those of their mothers, reflecting a typical scaffolding

pattern where responsibility for play shifts from mother to child.

Mothers demonstrated play at more advanced levels than their

children, with play ranging from Stages 2 to 10 across all sessions.

The gap between mothers’ and children’s play levels narrowed over

time, aligning with the scaffolding model. Mothers often modelled

play several levels ahead of their children’s abilities rather than just

one level ahead.

Play materials: not directly explored

Play behaviours: yes

O’Connor and Stagnitti (2011)

The Child-Initiated Pretend Play Assessment (ChIPPA)

evaluates a child’s ability to engage in pretend play by

initiating and sustaining play scenarios.

The Preschool Language Scale, Fourth Edition (PLS-4) was

used to assess language development, including receptive

and expressive language skills.

Goal Attainment Scaling (GAS) was used to assess the

achievement of specific goals set for an individual.

The Penn Interactive Peer Play Scale (PIPPS) was used to

assess children’s interactive play behaviours with peers,

focusing on their social competence and the quality of

peer interactions.

Significant improvements in children’s ability to engage in pretend

play (ChIPPA), language, and goal attainment in the play

intervention group.

When children’s results were explored with baseline scores and

age-controlled, there were no significant improvements for the

control or intervention group.

Play materials: not directly explored

Play behaviours: no, not significant
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Citation
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Measures Used
Findings

Summary of the Relationship Between Loose

Parts and Cognitive Development

Pepler and Ross (1981)

Study a:

Play sessions were conducted and coded for the following

play behaviours: Form-Related, Colour-Related,

Representation-Related, Investigation-Related,

Construction-Related, and Symbolic.

Divergent problem-solving tasks (Village and

Structure-Meaning Task) evaluated fluency and originality

in generating structures and labels.

Convergent problem-solving tasks (Form-Matching,

Colour-Matching, and Representation-Matching) measured

the number of correct responses and time taken, focusing on

accuracy and efficiency.

Study b:

Play sessions coded for the same play behaviours as study 1.

Divergent problem-solving tasks included the same

Structure-Meaning Task from study 1 and the Multiple-Use

Task, which assessed the originality and number of verbal

and demonstrative responses.

Convergent problem-solving tasks included four puzzles

designed to be matched based on specific cues (form,

representation, colour) while disregarding irrelevant

distracting cues.

Study a:

Children in the convergent play condition focused primarily on the

task. In contrast, those in the divergent play condition produced

more responses, which were also more unique and engaged in a

wider range of behaviours, including investigation, construction,

grouping by properties, and symbolic play. The divergent play

group demonstrated the highest originality on the

structure-meaning task and contributed to increased fluency in

divergent problem-solving tasks.

Study b:

Children in the divergent play condition engaged in more

investigative behaviours, such as exploring rolling properties. In

contrast, children in the convergent play group spent most of their

time on convergent activities.

On divergent problem-solving tasks, the divergent play group

produced more unique responses than the convergent and control

groups, indicating higher originality in problem-solving. There were

no significant effects of age or sex. The convergent play group

outperformed the control group on form and representation puzzles,

requiring fewer runs to complete them.

Study a:

Play materials: yes

Play behaviours: yes

Study b:

Play materials: yes

Play behaviours: yes

Rogers (1984)

The Thinking Creatively in Action and Movement (TCAM)

was used to measure creative ability.

The Preschool Embedded Field Test (PEFT) measures

cognitive styles of field dependence-independence and

analytic functioning.

The results of the present study revealed that the purported

relationships between the TCAM variables of fluency, originality,

and imagination and the use of unstructured and structured play

materials were insignificant. The study did not find significant

gender differences in the relationships between TCAM variables and

the use of unstructured and structured play materials.

Play materials: no, not significant

Play materials: not explored

Saracho (1992)

Play Rating Scale (PRS) measures children’s play by

assessing frequency, creativity in communicating ideas,

social interaction levels, and engagement in dramatic play

The Preschool Embedded Figures Test (PEFT) measures

Field-Dependence/Independence

Children with field-independent (FI) cognitive style engaged more

in play than field-dependent (FD) children, highlighting the impact

of cognitive style on play behaviours. Significant interactions were

also found between age and play behaviours, sex and play

behaviours, sex and cognitive style, and among age, sex, and play

behaviours. The analysis revealed that FI and FD children differed

significantly in all play behaviours except frequency of play.

Play materials: not directly explored

Play behaviours: yes
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Thepsuthammarat et al. (2012)

The Capute scale consists of a Cognitive Adaptive Test

(CAT) and Clinical Linguistic and Auditory Milestone Scales

(CLAMS). The CAT is used to evaluate fine motor and

problem-solving skills, while the CLAMS determine

language skills.

Five types of play materials remained significantly associated with

higher Capute scale scores after controlling for other factors: natural

materials, creative materials, push/pull toys, sound-making toys,

and storybooks.

Natural materials had the most significant associations with the

Capute scale scores, followed by creative materials and pull and

push toys.

No mention of covariates and how they affected the

regression results.

Play materials: yes

Play behaviours: not explored

Tizard et al. (1976)

Observations of children’s play by measuring duration,

organization, material use, social participation, play

sequence length, and symbolic themes to assess cognitive

and social aspects of their play behaviours.

Reynell Developmental Language Scale for language

comprehension and expression.

Minnesota Non-verbal Intelligence Scale for non-verbal

cognitive abilities

There were no consistent correlations between aspects of play and

verbal and non-verbal standardized test scores.

Play materials: no

Play behaviours: no

Tomopoulos et al. (2006)

The Bayley Scales of Infant Development (MDI) assess

cognitive development, focusing on attention, memory,

problem-solving, and language skills.

The Preschool Language Scale-3 (PLS-3) evaluates receptive

and expressive language abilities in children from birth to 6

years and 11 months, helping to identify potential language

delays or disorders. Additionally, the

Caregiver-Child Interaction Rating Scale observes and rates

the quality of caregiver-child interactions, emphasizing

aspects such as responsiveness, warmth, and stimulation to

understand their influence on child development outcomes.

Symbolic and Fine Motor/Adaptive toys were significant predictors

of better language outcomes, and the presence of Fine

Motor/Adaptive toys was associated with a decreased likelihood of

early intervention eligibility at 21 months.

Toys at 18 months were significantly associated with maternal

language input but not with mutual communication, which

mediated the relationship between resources in the home and

developmental outcomes.

Including parent–child verbal interactions in regression models

reduced the degree to which resources (books and toys) were related

to developmental outcomes.

Play materials: yes

Play behaviours: not explored
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Citation
Cognitive Development and Subdomains Studied and

Measures Used
Findings

Summary of the Relationship Between Loose

Parts and Cognitive Development

Trawick-Smith (1990)

Transformation observations

Type I: Using an object in its conventional way but within a

make-believe context. For example, using a toy telephone as

if making an actual call or using a cardboard box as if it

were a box of animal crackers.

Type II: Giving an object a completely new make-believe

identity by using it in a way different from its intended

function. For example, using a plate as a car’s steering

wheel or a wooden rod as an oar for an imaginary boat.

Type III: Using a body part or gesture to represent an absent

object. For instance, forming a hand as if holding a cup and

drinking imaginary water.

More object transformations occurred within realistic environments.

Neither age nor sex showed a significant relationship with

overall transformations.

Type I Transformations were more frequent in realistic play settings,

regardless of age or sex. Type II Transformations occurred

significantly less often in realistic environments.

Until age five, realistic materials elicited the greatest number of

overall transformations. After age five, the frequency in non-realistic

environments surpassed that in realistic settings.

An interaction between age, the realism of play objects, and sex was

observed for overall transformations. This interaction was primarily

due to a strong correlation between age and transformations for girls

in non-realistic environments. For boys, the relationship was less

pronounced and not significant, suggesting that realistic materials

were more effective in eliciting object transformations among boys

even after age five.

Play materials: yes

Play behaviours: yes

Vieillevoye and

Nader-Grosbois (2008)

The Snijders-Oomen Non-Verbal Intelligence Test (SON)

assesses cognitive development, focusing on reasoning and

performance through six subtests. It scores mental age,

intellectual, reasoning, and performance quotients.

The Language Evaluation (ELO) evaluates language skills

across vocabulary, phonology, comprehension, and

linguistic production, using six subtests that measure

receptive and expressive language abilities.

The Test of Pretend Play (ToPP) measures various forms of

pretend play, assessing object substitution, imaginative acts,

and the use of objects or agents in pretend scripts.

Individual and dyadic pretend play explained self-regulation in

children of both the typically developping and disability groups.

Specifically, in both groups, the higher the symbolic behaviour in the

creativity context, the higher self-regulation.

Play materials: not directly explored

Play behaviours: yes

Wolfgang and Stakenas (1985)

McCarthy Scales of Children’s Abilities: assessed verbal

ability, perceptual performance, quantitative development,

memory, and motor development.

Play Form Scale explored a form of play (i.e., and the toys

associated with it in the home environment. The Play Forms

Scale includes five subdomains: Fluid Materials, Structured

Materials, Microsymbolic, Macrosymbolic, and Physical.

Data on all toys in each child’s home (indoors and outdoors)

were collected and catalogued.

The study demonstrated a relationship between toys in the home

environment and cognitive development. Findings suggest that

different toys and play forms relate to different cognitive

development patterns. Structured constructional play/materials

influenced perceptual performance, verbal, quantitative, and

memory development. Fluid constructional play/materials

contributed mainly to perceptual performance, while

macro-symbolic play/materials influenced perceptual performance

and quantitative and memory development. Micro-symbolic

play/materials enhanced memory.

Play materials: yes

Play behaviours: yes
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Appendix D. Study Risk of Bias and Quality—MMAT Results

Citation
For All Types

of Studies
Quantitative Randomized Quantitative Non-Randomized Quantitative Descriptive Mixed Methods

S1 S2 2.1 2.2 2.3 2.4 2.5 3.1 3.2 3.3 3.4 3.5 4.1 4.2 4.3 4.4 4.5 5.1 5.2 5.3 5.4 5.5

Hamadani et al. (2010) Yes Yes Yes Yes Yes No Yes Yes Yes Yes Yes Yes

Jaggy et al. (2023) Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes

Jaruchainiwat et al. (2024) Yes Yes Yes Yes Yes No Yes

Lehman (2014) Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes

Liddell and Masilela (1992) Yes Yes Yes Yes Yes No Yes Yes Yes Yes Yes Yes

Lloyd and Howe (2003) Yes Yes Yes Yes Yes No Yes Yes Yes Yes Yes Yes

Luo (2023) Yes Yes Yes Yes Yes Yes Yes

Lysyuk (1998) Yes Yes Yes Yes Yes No Yes Yes Yes Yes Yes Yes

Maker et al. (2023) Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes

Malone et al. (1994) Yes Yes Yes Yes Yes Yes Yes Yes X Yes Yes Yes

Masek et al. (2024) Yes Yes X Yes Yes Yes

McCabe et al. (1996) Yes Yes Yes Yes Yes Yes Yes Yes X Yes Yes Yes

McCabe et al. (1999) Yes Yes X Yes Yes Yes Yes Yes X Yes Yes Yes

Morgante (2013) Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes

Morrissey (2014) Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes

O’Connor and Stagnitti

(2011)
Yes Yes Yes Yes Yes X Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes

Pepler and Ross (1981) Yes Yes Yes Yes Yes N/A Yes Yes Yes Yes Yes Yes

Rogers (1984) Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes

Saracho (1992) Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes

Thepsuthammarat et al.

(2012)
Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes

Tizard et al. (1976) Yes Yes Yes Yes Yes No Yes Yes Yes Yes Yes Yes

Tomopoulos et al. (2006) Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes

Trawick-Smith (1990) Yes Yes Yes Yes Yes Yes Yes X X Yes Yes Yes
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Citation
For All Types

of Studies
Quantitative Randomized Quantitative Non-Randomized Quantitative Descriptive Mixed Methods

S1 S2 2.1 2.2 2.3 2.4 2.5 3.1 3.2 3.3 3.4 3.5 4.1 4.2 4.3 4.4 4.5 5.1 5.2 5.3 5.4 5.5

Vieillevoye and

Nader-Grosbois (2008)
Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes

Wolfgang and Stakenas

(1985)
Yes Yes Yes Yes Yes Yes Yes Yes X Yes Yes Yes

Note: Cells denoted by ‘X’ indicate that the presence or absence of the factor could not be determined based on the information provided in the article.

Appendix E. The Search Strategy Adapted for Each Database

Search Database Search Results Search Platform Used Search Fields and Restrictions Search Words Noted Information/Explanation

Academic Search Complete 271 hits

EBSCO host

Search Field:

-default fields (search authors, abstract,

title, keywords, subjects)

-Boolean operator

Restricted Search:

-publication from start of January 1970-

end of December 2023

-English only

-articles, reports, dissertations, books

(child* OR kid* OR youth* OR minor* OR juvenile* OR

toddler* OR elementary OR preschool* OR pre-school* OR

kindergarten* OR infant* OR bab* OR young) AND

(“Loose part*” OR “play material*” OR “recycle* material*”

OR “natural material*” OR “scrap material*”) AND (creativ*

OR explor* OR cogniti* OR intelligen* OR learn* OR

“executive function*” OR knowledge OR skill* OR flexibilit*

OR abilit* OR capacit* OR develop* OR achievement* OR

outcome* OR problem solv* OR advancement* OR memory

OR think* OR attention)

-used platform to search across

multiple database

-advanced search allows to choose fields

and restrictions

-no word restriction

-made the decision to choose default search as

choosing all text resulted in over 20,000 hits,

and when specified individual search fields it

excluded important articles and significantly

decreased the amount of hits

APA PsychArticles 23 hits

APA PsychInfo 326 hits

ERIC 163 hits

Education Research Complete 140 hits

CINAHL 66 hits

Ejournals 332 hits

Scopus 1265 hits

Search Field:

-Boolean operator

Restricted Search:

-publication < 1969

-English only

-Articles/Reviews

(ALL (child* OR kid* OR youth* OR minor* OR juvenile* OR

early AND child* OR toddler* OR elementary OR preschool*

OR pre-school* OR kindergarten* OR infant* OR bab* OR

young) AND ALL (“Loose part*” OR “play material*” OR

“recycle* material*” OR “natural material*” OR “scrap

material*”) AND ALL (creativ* OR explor* OR cogniti* OR

intelligen* OR learn* OR “executive function*” OR knowledge

OR skill* OR flexibilit* OR abilit* OR capacit* OR develop* OR

achievement* OR outcome* OR problem AND solv* OR

advancement OR memory OR think* OR attention)) AND

PUBYEAR > 1969 AND (LIMIT-TO (LANGUAGE, “English”))

AND (LIMIT-TO (DOCTYPE, “ar”) OR LIMIT-TO

(DOCTYPE, “re”))
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Search Database Search Results Search Platform Used Search Fields and Restrictions Search Words Noted Information/Explanation

JSTOR 1550 hits JSTOR database

Search Field:

-all fields (abstract, item title,

author, caption)

-Boolean operator

Restricted Search:

-Access type (everything)

-English only

-Journals and Book chapters

-1 January 1970 to 31 December 2023

(child*)) AND ((“Loose part*” OR “play material*” OR

“recycle* material*” OR “natural material*” OR “scrap

material*”))) AND ((creativ* OR explor* OR cogniti* OR

intelligen* OR learn* OR “executive function*” OR knowledge

OR skill*)

-database had a restriction on the number of

keywords that could be searched which

prevented us from searching all terms. Terms

narrowed down

Science Direct 1081 results

Search Field:

-search articles with selected key terms

-Boolean operator

Restricted search

-1970–2023

-Journals, book chapters, encyclopedias

(child OR children) AND (“Loose parts” OR “play material”

OR “recycle material” OR “natural material” OR “scrap

material) AND (cognitive)

-database had a restriction of the number of

keywords that can be searched which

prevented us from searching all the terms

-terms narrowed down

-does not allow truncation of words

-does not have an English only specification

-checked to make sure 1970–2023 captured

articles IN both 1970 and 2023

Web of Science 551 results Clarivate

Search Field:

-search terms in all fields

-Boolean operator

Restricted Search:

-1970–2023

-articles

-English only

ALL = ((child* OR kid* OR youth* OR minor* OR juvenile*

OR toddler* OR elementary OR preschool* OR pre-school* OR

kindergarten* OR infant* OR bab* OR young) AND (“Loose

part*” OR “play material*” OR “recycle* material*” OR

“natural material*” OR “scrap material*”) AND (creativ* OR

explor* OR cogniti* OR intelligen* OR learn* OR “executive

function*” OR knowledge OR skill* OR flexibilit* OR abilit*

OR capacit* OR develop* OR achievement* OR outcome* OR

problem solv* OR advancement* OR memory OR think* OR

attention))

-checked to make sure 1970–2023 captured

articles IN both 1970 and 2023



J. Intell. 2025, 13, 52 36 of 40

References

Andersen, Mark M., and Julian Kiverstein. 2024. Play in cognitive development: From rational constructivism to predictive processing.

Topics in Cognitive Science. [CrossRef] [PubMed]

Andersen, Mark M., Julian Kiverstein, Mark Miller, and Andreas Roepstorff. 2023. Play in predictive minds: A cognitive theory of play.

Psychological Review 130: 462. [CrossRef] [PubMed]

Beaudin, Heathe. 2021. One person’s junk is a teacher’s treasure: Learning with loose parts. Exchange 246: 83–86.

Beloglovsky, Miriam, and Lisa Daly. 2015. Early Learning Theories Made Visible. St. Paul: Redleaf Press.

Beloglovsky, Miriam, and Lisa Daly. 2016. Loose Parts 2: Inspiring Play with Infants and Toddlers. St. Paul: Redleaf Press.

Bodrova, Elena, and Deborah J. Leong. 2007. Vygotskian and post-Vygotskian views on children’s play. American Journal of Play

1: 371–91.

Branje, Karina, Daniel Stevens, Heather Hobson, Sara Kirk, and Michelle Stone. 2021. Impact of an outdoor loose parts intervention

on Nova Scotia preschoolers’ fundamental movement skills: A multi-methods randomized controlled trial. AIMS Public Health

9: 194. [CrossRef] [PubMed]

Bundy, Anita, Lina Engelen, Shirley Wyver, Paul Tranter, Jo Ragen, Adrian Bauman, Louise Baur, Wendy Schiller, Judy M. Simpson,

Anita N. Niehues, and et al. 2017. Sydney playground project: A cluster-randomized trial to increase physical activity, play, and

social skills. Journal of School Health 87: 751–59. [CrossRef]

Caldera, Yvonne, Anne McDonald Culp, Marion O’Brien, Rosemarie T. Truglio, Mildred Alvarez, and Aletha C. Huston. 1999.

Children’s play preferences, construction play with blocks, and visual-spatial skills: Are they related? International Journal of

Behavioral Development 23: 855–72. [CrossRef]

Caldwell, Jenni. 2016. Loose Parts. Fairy Dust Teaching. Available online: https://fairydustteaching.com/2016/10/loose-parts/

(accessed on 5 February 2025).

Cankaya, Ozlem, Natalia Rohatyn-Martin, Jamie Leach, Keirsten Taylor, and Okan Bulut. 2023. Preschool children’s loose parts play

and the relationship to cognitive development: A review of the literature. Journal of Intelligence 11: 151. [CrossRef]

Cantor, Pamela, David Osher, Juliette Katherine Berg, Lily Steyer, and Todd Rose. 2021. Malleability, plasticity, and individuality: How

children learn and develop in context. In The Science of Learning and Development. Informa: Routledge, pp. 3–54.

Casey, Theresa, and Juliet Robertson. 2019. Loose Parts Play: A Tool Kit. Edinburgh: Inspiring Scotland in collaboration with Play

Strategy Group and Scottish Government. Available online: https://www.playscotland.org/resources/print/Loose-Parts-Play-

Tookit-Revised.pdf?plsctml_id=10924 (accessed on 5 February 2025).

Cassidy, Tony. 2000. Social background, achievement motivation, optimism and health: A longitudinal study. Counselling Psychology

Quarterly 13: 399–412. [CrossRef]

Copple, Carol, and Sue Bredekamp. 2006. Basics of Developmentally Appropriate Practice: An Introduction for Teachers of Children 3 to 6.

Washington, DC: NAEYC.

Cutter-Mackenzie, Amy, and Susan Edwards. 2013. Toward a model for early childhood environmental education: Foregrounding,

developing, and connecting knowledge through play-based learning. The Journal of Environmental Education 44: 195–213.

[CrossRef]

Daly, Lisa, and Miriam Beloglovsky. 2014. Loose Parts: Inspiring Play in Young Children. St. Paul: Redleaf Press, vol. 1.

Darling-Hammond, Linda, Lisa Flook, Channa Cook-Harvey, Brigid Barron, and David Osher. 2020. Implications for educational

practice of the science of learning and development. Applied Developmental Science 24: 97–140. [CrossRef]

Doebel, Sabine, and Angeline S. Lillard. 2023. How does play foster development? A new executive function perspective. Developmental

Review 67: 101064. [CrossRef]

Engelen, Lina, Anita C. Bundy, Geraldine Naughton, Judy M. Simpson, Adrian Bauman, Jo Ragen, Louise Baur, Shirley Wyver, Paul

Tranter, Anita Niehues, and et al. 2013. Increasing physical activity in young primary school children it’s child’s play: A cluster

randomised controlled trial. Preventive Medicine 56: 319–25. [CrossRef] [PubMed]

Farmer, Victoria L., Sheila M. Williams, Jim I. Mann, Grant Schofield, Julia C. McPhee, and Rachael W. Taylor. 2017. Change of school

playground environment on bullying: A randomized controlled trial. Pediatrics 139: e20163072. [CrossRef]

Fikriyati, Mirroh, Sri Katoningsih, and Sabbir Hasan. 2023. Use of Loose Part Media with Cardboard and Sand Materials in Islamic

Children’s Schools. Nazhruna: Jurnal Pendidikan Islam 6: 60–71. [CrossRef]

Flannigan, Caileigh, and Beverlie Dietze. 2017. Children, outdoor play, and loose parts. Journal of Childhood Studies 43: 53–60. [CrossRef]

Foster, E. Michael. 2002. How economists think about family resources and child development. Child Development 73: 1904–14.

[CrossRef]

Gençer, Arzu Akar, and Neslihan Avci. 2017. The treasure in nature! Loose part theory. Current Trends in Educational Sciences 9: 16–34.

Gibson, Jenny L., Megan Cornell, and Tim Gill. 2017. A systematic review of research into the impact of loose parts play on children’s

cognitive, social and emotional development. School Mental Health 9: 295–309. [CrossRef]

https://doi.org/10.1111/tops.12752
https://www.ncbi.nlm.nih.gov/pubmed/39190838
https://doi.org/10.1037/rev0000369
https://www.ncbi.nlm.nih.gov/pubmed/35708932
https://doi.org/10.3934/publichealth.2022015
https://www.ncbi.nlm.nih.gov/pubmed/35071678
https://doi.org/10.1111/josh.12550
https://doi.org/10.1080/016502599383577
https://fairydustteaching.com/2016/10/loose-parts/
https://doi.org/10.3390/jintelligence11080151
https://www.playscotland.org/resources/print/Loose-Parts-Play-Tookit-Revised.pdf?plsctml_id=10924
https://www.playscotland.org/resources/print/Loose-Parts-Play-Tookit-Revised.pdf?plsctml_id=10924
https://doi.org/10.1080/713658501
https://doi.org/10.1080/00958964.2012.751892
https://doi.org/10.1080/10888691.2018.1537791
https://doi.org/10.1016/j.dr.2022.101064
https://doi.org/10.1016/j.ypmed.2013.02.007
https://www.ncbi.nlm.nih.gov/pubmed/23462477
https://doi.org/10.1542/peds.2016-3072
https://doi.org/10.31538/nzh.v6i1.2858
https://doi.org/10.18357/jcs.v42i4.18103
https://doi.org/10.1111/1467-8624.00513
https://doi.org/10.1007/s12310-017-9220-9


J. Intell. 2025, 13, 52 37 of 40

Gold, Zachary S., and James Elicker. 2020. Engineering peer play: A new perspective on science, technology, engineering, and

mathematics (STEM) early childhood education. Peer Play and Relationships in Early Childhood: International Research Perspectives,

61–75. [CrossRef]

Gold, Zachary S., James Elicker, and Barbara A. Beaulieu. 2020. Learning engineering through block play. YC Young Children 75: 24–29.

Gold, Zachary S., James Elicker, Ji Young Choi, Treshawn Anderson, and Sean P. Brophy. 2015. Preschoolers’ engineering play

behaviors: Differences in gender and play context. Children, Youth and Environments 25: 1–21. [CrossRef]

Gorrie, Ian Gorrie. 2021. A Curiosity About Links Between Adventure Playgrounds, Loose Parts, Playwork Approach, a State of”

Flow” and Children’s Wellbeing. International Journal of Playwork Practice 2: 1. [CrossRef]

Gottfried, Adele Eskeles, Allen W. Gottfried, Rebecca J. Reichard, Diana Wright Guerin, Pamella H. Oliver, and Ronald E. Riggio. 2011.

Motivational roots of leadership: A longitudinal study from childhood through adulthood. The Leadership Quarterly 22: 510–19.

[CrossRef]

Gottfried, Adele Eskeles, James S. Fleming, and Allen W. Gottfried. 2001. Continuity of academic intrinsic motivation from childhood

through late adolescence: A longitudinal study. Journal of Educational Psychology 93: 3. [CrossRef]

Gottfried, Adele Eskeles, Kathleen S. J. Preston, Allen W. Gottfried, Pamella H. Oliver, Danielle E. Delany, and Sirena M. Ibrahim. 2016.

Pathways from parental stimulation of children’s curiosity to high school science course accomplishments and science career

interest and skill. International Journal of Science Education 38: 1972–95. [CrossRef]

Government of Manitoba. 2015. A Time for Learning, A Time for Joy: A Resource for Kindergarten Teachers. Manitoba Education and

Advanced Learning Cataloguing in Publication Data. Available online: https://www.edu.gov.mb.ca/k12/childhood/time_for_

joy/full_doc.pdf (accessed on 5 February 2025).

Gull, Carla, Jessica Bogunovich, Suzanne Levenson Goldstein, and Tricia Rosengarten. 2019. Definitions of Loose Parts in Early

Childhood Outdoor Classrooms: A Scoping Review. International Journal of Early Childhood Environmental Education 6: 37–52.

Gull, Carla, Suzanne Levenson Goldstein, and Tricia Rosengarten. 2020. Seven Loose Parts Myths Busted. Exchange 256: 34–38.

Gull, Carla, Suzanne Levenson Goldstein, and Tricia Rosengarten. 2024. Light, Simple Machines, Sticks, Crates, and So Much More: A

“loose parts learning” approach to STEM for early childhood. Science and Children 61: 33–40. [CrossRef]

Haber, Nick, Damian Mrowca, Stephanie Wang, Li Fei-Fei, and Daniel L. Yamins. 2018. Learning to play with intrinsically-motivated,

self-aware agents. Paper presented at the 32nd International Conference on Neural Information Processing Systems, Montreal,

QC, Canada, December 3–8.

Hamadani, Jena D., Fahmida Tofail, Afroza Hilaly, Syed N. Huda, Patrice Engle, and Sally M. Grantham-McGregor. 2010. Use of family

care indicators and their relationship with child development in Bangladesh. Journal of Health, Population, and Nutrition 28: 23.

[CrossRef]

Harris, Paul L. 2000. The Work of the Imagination. Malden: Blackwell Publishing.

Hashmi, Salim, Amy L. Paine, and Dale F. Hay. 2021. Seven-year-olds’ references to internal states when playing with toy figures and a

video game. Infant and Child Development 30: e2223. [CrossRef] [PubMed]

Hashmi, Salim, Amy L. Paine, Mark K. Johansen, Charlotte Robinson, and Dale F. Hay. 2022. Engaged in play: Seven-year-olds’

engagement with the play frame when playing with toy figures and their engagement with the fictional world of a video game.

Cognitive Development 63: 101230. [CrossRef]

Hashmi, Salim, Ross E. Vanderwert, Hope A. Price, and Sarah A. Gerson. 2020. Exploring the benefits of doll play through neuroscience.

Frontiers in Human Neuroscience 14: 560176. [CrossRef] [PubMed]

Hewes, Jene. 2006. Let the Children Play: Nature’s Answer to Early Learning. Ottawa: Canadian Council on Early Learning.

Hong, Quan Nha, Sergi Fàbregues, Gillian Bartlett, Felicity Boardman, Margaret Cargo, Pierre Dagenais, Marie-Pierre Gagnon, Frances

Griffths, Belinda Nicolau, Alicia O’Cathain, and et al. 2018. The Mixed Methods Appraisal Tool (MMAT) version 2018 for

information professionals and researchers. Education for Information 34: 285–91. [CrossRef]

Houser, Natalie E., Jane Cawley, Angela M. Kolen, Daniel Rainham, Laurene Rehman, Joan Turner, Sara F. L. Kirk, and Michelle R.

Stone. 2019. A loose parts randomized controlled trial to promote active outdoor play in preschool-aged children: Physical

Literacy in the Early Years (PLEY) project. Methods and Protocols 2: 27. [CrossRef]

Houser, Natalie E., Lindsay Roach, Michelle R. Stone, Joan Turner, and Sara F. L. Kirk. 2016. Let the children play: Scoping review on

the implementation and use of loose parts for promoting physical activity participation. AIMS Public Health 3: 781–99. [CrossRef]

Howe, Nina, Jamie Leach, and Ganie DeHart. 2022. This is a mailbox, right?: Associations of play materials with siblings’ and friends’

shared meanings during pretend play. Journal of Early Childhood Research 20: 80–92. [CrossRef]

Iivonen, Susanna, Titta Kettukangas, Anne Soini, and Helena Viholainen. 2025. Sand Play and 0-to 8-Year-Old Children’s Physical,

Cognitive and Socioemotional Outcomes: A Mixed-Methods Systematic Review. Child: Care, Health and Development 51: e70034.

[CrossRef]

Jaggy, Ann-Kathrin, Isabelle Kalkusch, Carine Burkhardt Bossi, Barbara Weiss, Fabio Sticca, and Sonja Perren. 2023. The impact of

social pretend play on preschoolers’ social development: Results of an experimental study. Early Childhood Research Quarterly

64: 13–25. [CrossRef]

https://doi.org/10.1007/978-3-030-42331-5_5
https://doi.org/10.1353/cye.2015.0046
https://doi.org/10.25035/ijpp.02.01.01
https://doi.org/10.1016/j.leaqua.2011.04.008
https://doi.org/10.1037/0022-0663.93.1.3
https://doi.org/10.1080/09500693.2016.1220690
https://www.edu.gov.mb.ca/k12/childhood/time_for_joy/full_doc.pdf
https://www.edu.gov.mb.ca/k12/childhood/time_for_joy/full_doc.pdf
https://doi.org/10.1080/00368148.2024.2366040
https://doi.org/10.3329/jhpn.v28i1.4520
https://doi.org/10.1002/icd.2223
https://www.ncbi.nlm.nih.gov/pubmed/34483746
https://doi.org/10.1016/j.cogdev.2022.101230
https://doi.org/10.3389/fnhum.2020.560176
https://www.ncbi.nlm.nih.gov/pubmed/33132876
https://doi.org/10.3233/EFI-180221
https://doi.org/10.3390/mps2020027
https://doi.org/10.3934/publichealth.2016.4.781
https://doi.org/10.1177/1476718X211053027
https://doi.org/10.1111/cch.70034
https://doi.org/10.1016/j.ecresq.2023.01.012


J. Intell. 2025, 13, 52 38 of 40

Jamaludin, Azilawati. 2024. Developments of science of learning in education. In Applying the Science of Learning to Education: An

Insight into the Mechanisms That Shape Learning. Singapore: Springer Nature, pp. 1–18.

Jannah, Miftahul, and Brigita Puridawaty. 2023. The Influence of Loose Part Media on Speech Skills in Early Childhood Aged 5–6 Years

in Islamic Kindergarten Harapan Ibu. Golden Age: Jurnal Pendidikan Anak Usia Dini 7: 281–92.

Jaruchainiwat, Panutsorn, Sasilak Khayankij, Worawan Hemchayart, and Uraivas Tamrongath. 2024. Promoting young children’s

creative thinking, social skills, and attention using guided play and loose parts. Kasetsart Journal of Social Sciences 45: 121–28.

Kidd, Celeste, and Benjamin Y. Hayden. 2015. The psychology and neuroscience of curiosity. Neuron 88: 449–60. [CrossRef] [PubMed]

Kiewra, Christine, and Ellen Veselack. 2016. Playing with Nature: Supporting Preschoolers’ Creativity in Natural Outdoor Classrooms.

International Journal of Early Childhood Environmental Education 4: 70–95.

Koepp, Andrew E., Elizabeth T. Gershoff, Darla M. Castelli, and Amy E. Bryan. 2022. Preschoolers’ executive functions following

indoor and outdoor free play. Trends in Neuroscience and Education 28: 100182. [CrossRef]

Lehman, Lee Ann. 2014. How Does Free-Play Activity Choice Predict Academic and Social Competence of Preschool Children with

Developmental Delay and Preschool Children Without Disabilities? Ph.D. thesis, University of Florida, Gainesville, FL, USA.

Liddell, Christine, and Pauline Masilela. 1992. A language-based assessment of South African children’s play with enrichment

materials. Early Child Development and Care 79: 13–28. [CrossRef]

Lillard, Angeline S., Matthew D. Lerner, Emily J. Hopkins, Rebecca A. Dore, Eric D. Smith, and Carolyn M. Palmquist. 2013. The

impact of pretend play on children’s development: A review of the evidence. Psychological Bulletin 139: 1. [CrossRef] [PubMed]

Lin, Xunyi, and Hui Li. 2019. Chinese mothers’ profile which values both play and academics predicts better developmental outcome

in young children. International Journal of Behavioral Development 43: 61–66. [CrossRef]

Lin, Xunyi, and Hui Li. 2020. Parents’ play beliefs and engagement in young children’s play at home. In Working with Parents and

Families in Early Childhood Education. Informa: Routledge, pp. 5–20.

Lloyd, Bronwen, and Nina Howe. 2003. Solitary Play and Convergent and Divergent Thinking Skills in Preschool Children. Early

Childhood Research Quarterly 18: 22–41. [CrossRef]

Lombard, Matthew, Jennifer Snyder-Duch, and Cheryl Campanella Bracken. 2002. Content analysis in mass communication:

Assessment and reporting of intercoder reliability. Human Communication Research 28: 587–604. [CrossRef]

Luo, Lanlan. 2023. From indoor and outdoor environment to language achievement: The chain mediating role of psychological

atmosphere and curriculum implementation. Journal of Chinese Writing Systems 7: 173–87. [CrossRef]

Lysyuk, Lidija G. 1998. The Development of Productive Goal Setting with 2- to 4-Year-old Children. International Journal of Behavioral

Development 22: 799–812. [CrossRef]

Maker, C. June, A. Kadir Bahar, Randy Pease, and Fahad S. Alfaiz. 2023. Discovering and nurturing creative problem solving in young

children: An exploratory study. Journal of Creativity 33: 100053. [CrossRef]

Makovichuk, Lee, Jane Hewes, Patricia Lirette, and Nancy Thomas. 2014. Flight: Alberta’s Early Learning and Care Framework.

Available online: https://www.flightframework.ca (accessed on 5 February 2025).

Malone, D. Michael, Zolinda Stoneman, and John Langone. 1994. Contextual variation of correspondences among measures of play

and developmental level of preschool children. Journal of Early Intervention 18: 199–215. [CrossRef]

Malone, Thomas W. 1981. Toward a theory of intrinsically motivating instruction. Cognitive Science 5: 333–69.

Masek, Lillian R., Mackenzie S. Swirbul, Alex M. Silver, Melissa E. Libertus, Natasha Cabrera, and Catherine S. Tamis-LeMonda. 2024.

Math talk by mothers, fathers, and toddlers: Differences across materials and associations with children’s math understanding.

Journal of Experimental Child Psychology 246: 105991. [CrossRef]

Maxwell, Lorraine E., Mari R. Mitchell, and Gary W. Evans. 2008. Effects of play equipment and loose parts on preschool children’s

outdoor play behavior: An observational study and design intervention. Children, Youth & Environments 18: 36–63.

McCabe, Joan Roth, Joseph R. Jenkins, Paulette E. Mills, Philip S. Dale, and Kevin N. Cole. 1999. Effects of group composition, materials,

and developmental level on play in preschool children with disabilities. Journal of Early Intervention 22: 164–78. [CrossRef]

McCabe, Joan Roth, Joseph R. Jenkins, Paulette E. Mills, Philip S. Dale, Kevin N. Cole, and Linda Pepler. 1996. Effects of play group

variables on language use by preschool children with disabilities. Journal of Early Intervention 20: 329–40. [CrossRef]

Miller, Portia, Laura Betancur, Linsah Coulanges, Juliana Kammerzell, Melissa Libertus, Heather J. Bachman, and Elizabeth Votruba-

Drzal. 2022. Time spent playing predicts early reading and math skills through associations with self-regulation. Journal of Applied

Developmental Psychology 83: 101470. [CrossRef]

Morgante, James D. 2013. Ecological resources affect children’s play. Canadian Journal of Behavioural Science/Revue Canadienne Des

Sciences Du Comportement 45: 115–23. [CrossRef]

Morrissey, Anne-Marie. 2014. Scaffolding, analysis and materials: Contributing factors in an unexpected finding of advanced

infant/toddler pretend play? Journal of Early Childhood Research 12: 195–213. [CrossRef]

Mukhyar, Mukhyar, Rahmani Rahmani, and Arma Winarni. 2023. Implementation of Children’s Activities Through Loose Part Media

On Creative Ability. Paper presented at 1st International Conference on Early Childhood Education in Multiperspective, ICECEM

2022, Purwokerto, Indonesia, November 26.

https://doi.org/10.1016/j.neuron.2015.09.010
https://www.ncbi.nlm.nih.gov/pubmed/26539887
https://doi.org/10.1016/j.tine.2022.100182
https://doi.org/10.1080/0300443920790102
https://doi.org/10.1037/a0029321
https://www.ncbi.nlm.nih.gov/pubmed/22905949
https://doi.org/10.1177/0165025418767062
https://doi.org/10.1016/S0885-2006(03)00004-8
https://doi.org/10.1111/j.1468-2958.2002.tb00826.x
https://doi.org/10.1177/25138502231188391
https://doi.org/10.1080/016502598384171
https://doi.org/10.1016/j.yjoc.2023.100053
https://www.flightframework.ca
https://doi.org/10.1177/105381519401800207
https://doi.org/10.1016/j.jecp.2024.105991
https://doi.org/10.1177/105381519902200208
https://doi.org/10.1177/105381519602000406
https://doi.org/10.1016/j.appdev.2022.101470
https://doi.org/10.1037/a0032082
https://doi.org/10.1177/1476718X13515428


J. Intell. 2025, 13, 52 39 of 40

Naish, Calli, Patricia K. Doyle-Baker, Meghan S. Ingstrup, and Gavin R. McCormack. 2023. An exploration of parent perceptions of a

take-home loose parts play kit intervention during the COVID-19 pandemic. PLoS ONE 18: e0292720. [CrossRef]

Ness, Daniel, and Stephen J. Farenga. 2016. Blocks, Bricks, and Planks: Relationships between Affordance and Visuo-Spatial

Constructive Play Objects. American Journal of Play 8: 201–27.

Nicholson, S. 1971. How not to cheat children, the theory of loose parts. Landscape Architecture 62: 30–34.

Nova Scotia Department of Education and Early Childhood Development. 2018. Capable, Confident and Curious: Nova Scotia’s Early

Learning Curriculum Framework. Available online: https://www.ednet.ns.ca/docs/nselcurriculumframework.pdf (accessed on

5 February 2025).

Ocal, T. Eren. 2021. Preschool Teachers’ Views and Practices on Using Loose Parts in Daily Activities. Ph.D. dissertation, Middle East

Technical University, Ankara, Turkey.

O’Connor, Chloe, and Karen Stagnitti. 2011. Play, Behaviour, Language and Social Skills: The Comparison of a Play and a Non-Play

Intervention within a Specialist School Setting. Research in Developmental Disabilities: A Multidisciplinary Journal 32: 1205–11.

[CrossRef]

Olsen, Heather, and Brandy Smith. 2017. Sandboxes, loose parts, and playground equipment: A descriptive exploration of outdoor

play environments. Early Child Development and Care 187: 1055–68. [CrossRef]

Park, Juhee. 2019. A Comparison of the Pretending Elements between Constructive Play and Pretend Play. Turkish Online Journal of

Educational Technology-TOJET 18: 1–6.

Pellegrini, A. D., and Peter K. Smith. 1998. Physical activity play: The nature and function of a neglected aspect of play. Child

Development 69: 577–98. [CrossRef]

Pepler, Debra J., and Hildy S. Ross. 1981. The effects of play on convergent and divergent problem solving. Child Development

52: 1202–10. [CrossRef]

Pereira, Joana V., Fabio Vila-Nova, Guida Veiga, Frederico Lopes, and Rita Cordovil. 2024. Associations between outdoor play features

and children’s behavior and health: A systematic review. Health and Place 87: 103235. [CrossRef]

Play Scotland, the National Expert in Play. 2022. Available online: https://www.playscotland.org/ (accessed on 5 February 2025).

Rawstrone, Annette. 2020. We’ve explored. . .: Loose parts. Nursery World 5: 20–21. [CrossRef]

Ridgers, Nicola D., Laura M. Carter, Gareth Stratton, and Thomas L. McKenzie. 2011. Examining children’s physical activity and play

behaviors during school playtime over time. Health Education Research 26: 586–95. [CrossRef] [PubMed]

Rogers, M. S. 1984. Creativity and Play Materials: The Origins and Development of Creativity in Preschool Children. College Station: Texas

A&M University.

Rubin, Kenneth H. 2001. Play Observation Scale (POS). University of Maryland Center for Children, Relationships and Culture.

Available online: https://citeseerx.ist.psu.edu/document?repid=rep1&type=pdf&doi=ff65583ab8d99c143cfc4f5cf948a0cfba3

5e2ea (accessed on 5 February 2025).

Saracho, Olivia N. 1992. Preschool children’s cognitive style and play and implications for creativity. Creativity Research Journal 5: 35–47.

[CrossRef]

Savina, Elena. 2014. Does play promote self-regulation in children? Early Child Development and Care 184: 1692–705. [CrossRef]

Schulz, Laura E., and Elizabeth Baraff Bonawitz. 2007. Serious fun: Preschoolers engage in more exploratory play when evidence is

confounded. Developmental Psychology 43: 1045–50. [CrossRef]

Sear, Margaret. 2016. Why loose parts? Their relationship with sustainable practice, children’s agency, creative thinking and learning

outcomes. Educating Young Children: Learning and Teaching in the Early Childhood Years 22: 16–19.

Segatti, Laura, Judy Brown-DuPaul, and Tracy L. Keyes. 2003. Using everyday materials to promote problem solving in toddlers.

Young Children 58: 12.

Shabazian, Ani N., and C. L. Soga. 2014. Infants and Toddlers: Making the Right Choice Simple: Selecting Materials for Infants and

Toddlers. Young Children 69: 60–65.

Smith, Peter K. 2017. Play research and its applications: A current perspective. In Children’s Play. Informa: Routledge, pp. 1–15.

Smith, Peter K., and Anthony Pellegrini. 2013. Learning Through Play. Encyclopedia on Early Childhood Development. Available online:

https://www.child-encyclopedia.com/pdf/expert/play/according-experts/learning-through-play (accessed on 14 April 2025).

Smith-Gilman, Sheryl. 2018. The arts, loose parts and conversations. Journal of the Canadian Association for Curriculum Studies 16: 90–103.

[CrossRef]

Spencer, Rebecca A., Nila Joshi, Karina Branje, Jessie-Lee D. McIsaac, Jane Cawley, Laurene Rehman, Sara F. Kirk, and Michelle Stone.

2019. Educator perceptions on the benefits and challenges of loose parts play in the outdoor environments of childcare centres.

AIMS Public Health 6: 461. [CrossRef]

Sukardjo, Mochamad, Besse Nirmala, Suci Aprilyati Ruiyat, Haerul Annuar, and Uswatun Khasanah. 2023. Loose parts: Stimulation of

21st century learning skills (4c elements). Jurnal Obsesi: Jurnal Pendidikan Anak Usia Dini 7: 1073–86. [CrossRef]

https://doi.org/10.1371/journal.pone.0292720
https://www.ednet.ns.ca/docs/nselcurriculumframework.pdf
https://doi.org/10.1016/j.ridd.2010.12.037
https://doi.org/10.1080/03004430.2017.1282928
https://doi.org/10.1111/j.1467-8624.1998.tb06226.x
https://doi.org/10.2307/1129507
https://doi.org/10.1016/j.healthplace.2024.103235
https://www.playscotland.org/
https://doi.org/10.12968/nuwa.2020.5.20
https://doi.org/10.1093/her/cyr014
https://www.ncbi.nlm.nih.gov/pubmed/21422119
https://citeseerx.ist.psu.edu/document?repid=rep1&type=pdf&doi=ff65583ab8d99c143cfc4f5cf948a0cfba35e2ea
https://citeseerx.ist.psu.edu/document?repid=rep1&type=pdf&doi=ff65583ab8d99c143cfc4f5cf948a0cfba35e2ea
https://doi.org/10.1080/10400419209534421
https://doi.org/10.1080/03004430.2013.875541
https://doi.org/10.1037/0012-1649.43.4.1045
https://www.child-encyclopedia.com/pdf/expert/play/according-experts/learning-through-play
https://doi.org/10.25071/1916-4467.40356
https://doi.org/10.3934/publichealth.2019.4.461
https://doi.org/10.31004/obsesi.v7i1.4088


J. Intell. 2025, 13, 52 40 of 40

Thepsuthammarat, Kaewjai, Bandit Thinkhamrop, and Chanpen Choprapawon. 2012. Association between types of play materials

and cognitive development among 12-month-old Thai infants: The prospective cohort study of Thai children. Asian Biomedicine

6: 703–11. [CrossRef]

Tizard, Barbara, Janet Philips, and Ian Plewis. 1976. Play in pre-school centres—I: Play measures and their relation to age, sex, and IQ.

Journal of Child Psychology and Psychiatry 17: 251–64. [CrossRef] [PubMed]

Tomopoulos, Suzy, Benard P. Dreyer, Catherine Tamis-LeMonda, Virginia Flynn, Irene Rovira, Wendy Tineo, and Alan L. Mendelsohn.

2006. Books, toys, parent-child interaction, and development in young Latino children. Ambulatory Pediatrics 6: 72–78. [CrossRef]

Trawick-Smith, Jeffrey. 1990. The effects of realistic versus non-realistic play materials on young children’s symbolic transformation of

objects. Journal of Research in Childhood Education 5: 27–36. [CrossRef]

Trawick-Smith, Jeffrey, Jennifer Wolff, Marley Koschel, and Jamie Vallarelli. 2015. Effects of toys on the play quality of preschool

children: Influence of gender, ethnicity, and socioeconomic status. Early Childhood Education Journal 43: 249–56. [CrossRef]

Trina, Nazia Afrin. 2022. The Play Value of Plants: Altering Parts of Plants as Loose Parts Play Materials in Early Childhood Learning

Landscapes. Master’s thesis, Texas Tech University, Lubbock, TX, USA.

van Rooijen, Martin, Kristine De Martelaer, Gerty Lensvelt-Mulders, Lisette van der Poel, and Mieke Cotterink. 2023. “It Is Scary, but

Then I Just Do It Anyway”: Children’s Experiences and Concerns about Risk and Challenge during Loose Parts Play. International

Journal of Environmental Research and Public Health 20: 7032. [CrossRef] [PubMed]

Verdine, Brian N., Laura Zimmermann, Lindsey Foster, Maya Marzouk, Roberta Michnick Golinkoff, Kathy Hirsh-Pasek, and Nora

Newcombe. 2019. Effects of geometric toy design on parent–child interactions and spatial language. Early Childhood Research

Quarterly 46: 126–41. [CrossRef]

Verdine, Brian N., Roberta M. Golinkoff, Kathryn Hirsh-Pasek, Nora S. Newcombe, Andrew T. Filipowicz, and Alicia Chang. 2014.

Deconstructing building blocks: Preschoolers’ spatial assembly performance relates to early mathematical skills. Child Development

85: 1062–76. [CrossRef]

Vieillevoye, Sandrine, and Nathalie Nader-Grosbois. 2008. Self-regulation during pretend play in children with intellectual disability

and in normally developing children. Research in Developmental Disabilities 29: 256–72. [CrossRef]

Vygotsky, Lev S. 1967. Play and its role in the mental development of the child. Soviet Psychology 5: 6–18. [CrossRef]

Weisberg, Deena Skolnick, Kathy Hirsh-Pasek, and Roberta Michnick Golinkoff. 2013. Embracing complexity: Rethinking the relation

between play and learning: Comment on Lillard et al. (2013). Psychological Bulletin 139: 35–39. [CrossRef]

Whitebread, David, Marisol Basilio, Martina Kuvalja, and Mohini Verma. 2012. The importance of play. Toy Industries of Europe, 1–55.

Wolfgang, Charles H., and Robert G. Stakenas. 1985. An Exploration of Toy Content of Preschool Children’s Home Environments as a

Predictor of Cognitive Development. Early Child Development and Care 19: 291–307. [CrossRef]

Wolfgang, Charles H., Laura L. Stannard, and Ithel Jones. 2001. Block play performance among preschoolers as a predictor of later

school achievement in mathematics. Journal of Research in Childhood Education 15: 173–80. [CrossRef]

Wood, Elizabeth Ann. 2013. Play, Learning and the Early Childhood Curriculum. London: SAGE Publications.

Yogman, Michael, Andrew Garner, Jeffrey Hutchinson, Kathy Hirsh-Pasek, Roberta Michnick Golinkoff, Committee on Psychosocial

Aspects of Child and Family Health, and Council on Communications and Media. 2018. The power of play: A pediatric role in

enhancing development in young children. Pediatrics 142: e20182058. [CrossRef]

Zeng, Han Qi, and Siew Chin Ng. 2024. Free Play Matters: Promoting Kindergarten Children’s Science Learning Using Questioning

Strategies during Loose Parts Play. Early Childhood Education Journal, 1–16. [CrossRef]

Zippert, Erica L., Sarah H. Eason, Sharise Marshall, and Geetha B. Ramani. 2019. Preschool children’s math exploration during play

with peers. Journal of Applied Developmental Psychology 65: 101072. [CrossRef]

Zosh, Jennifer M., Kathy Hirsh-Pasek, Emily J. Hopkins, Hanne Jensen, Claire Liu, Dave Neale, S. Lynneth Solis, and David Whitebread.

2018. Accessing the inaccessible: Redefining play as a spectrum. Frontiers in Psychology 9: 1124. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual

author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to

people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.5372/1905-7415.0605.111
https://doi.org/10.1111/j.1469-7610.1976.tb00401.x
https://www.ncbi.nlm.nih.gov/pubmed/993280
https://doi.org/10.1016/j.ambp.2005.10.001
https://doi.org/10.1080/02568549009594800
https://doi.org/10.1007/s10643-014-0644-7
https://doi.org/10.3390/ijerph20227032
https://www.ncbi.nlm.nih.gov/pubmed/37998263
https://doi.org/10.1016/j.ecresq.2018.03.015
https://doi.org/10.1111/cdev.12165
https://doi.org/10.1016/j.ridd.2007.05.003
https://doi.org/10.2753/RPO1061-040505036
https://doi.org/10.1037/a0030077
https://doi.org/10.1080/0300443850190403
https://doi.org/10.1080/02568540109594958
https://doi.org/10.1542/peds.2018-2058
https://doi.org/10.1007/s10643-024-01741-6
https://doi.org/10.1016/j.appdev.2019.101072
https://doi.org/10.3389/fpsyg.2018.01124

	Introduction 
	Methods 
	Search Strategy 
	Inclusion Criteria 
	Article Selection Process and Inter-Rater Reliability 
	Data Extraction and Analysis 
	Risk of Bias and Quality Assessment 

	Results 
	Search Results and Study Selection 
	Study Characteristics 
	Publication Year Distribution 
	Locations of Studies 
	Age Distribution of Participants 
	Play Materials 
	Main Findings 
	Study Quality and Risk of Bias 
	Cognitive Development and Subdomains of Cognition Studied 

	Discussion 
	Summary of Results 
	Empirical Gaps in Play Materials and Cognitive Domains Studied 
	Methodological Gaps 
	Study Designs 
	Covariate Explorations 

	Strengths and Limitations 

	Conclusions 
	Appendix A
	Appendix B
	Appendix C
	Appendix D
	Appendix E
	References

