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Abstract: This research investigates the significance of the physical environment in early childhood
education and care (ECEC) institutions as a facilitator of deep-level learning. Building upon Laevers’
concept of deep-level learning, this study explores the interplay between objects in ECEC settings,
children’s play, and their deep-level learning. The primary objective is to examine the potential
mediating role of play in the relationship between objects and deep-level learning. The research
methodology involves the analysis of a sample consisting of 928 two-minute video observations
collected from eight ECEC institutions in Norway. The results demonstrate a positive association
between children’s engagement in play, their utilization of objects, and deep-level learning. The
findings suggest that constructive and symbolic play partly mediate the positive relationship between
deep-level learning and object utilization. These outcomes highlight the pivotal role of play in early
childhood education and emphasize how elements within the physical environment can effectively
support children’s learning.
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1. Introduction

Early childhood education and care (ECEC) institutions offer children valuable play
opportunities within their physical learning environments, which have the potential to
foster learning. However, assessing learning in early childhood can be complex due
to its broad and multifaceted nature. To address this challenge, Laevers [1] introduced
the concept of ‘deep level learning’ as a crucial aspect of educational assessment. Deep-
level learning goes beyond surface-level understanding and actively engages children by
presenting appropriate challenges that build upon their existing skills and knowledge.
Such learning experiences establish a strong foundation for future educational growth. The
primary objective of this article is to investigate the dynamic relationship among children’s
play, the objects present in the physical environment of ECEC settings, and their deep-level
learning building upon Laevers’ theoretical framework.

Laevers [1] argued that the quality of an educational institution was reflected in how
children experienced involvement and well-being, with these concepts constituting deep-
level learning. The concept of involvement encompasses intrinsic motivation, curiosity, and
receptiveness to stimuli, all of which have a significant impact on a child’s learning [2–4].
Well-being is a prerequisite for involvement, referring to the degree to which children feel
at ease and are spontaneous, vital, and self-confident [1]. If children’s fundamental need
for well-being is fulfilled, they can more easily concentrate and be open to stimuli from the
environment, thus supporting the potential to experience involvement.

Play is an essential childhood activity commonly affiliated with learning in the ECEC
context. However, the concepts of play and learning and the nature of their possible
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relationships vary across cultural and historical contexts, as well as theoretical and polit-
ical standpoints [5]. In the Norwegian ECEC context, where this study was conducted,
childhood is seen as a period for freedom and free play [6]. According to the Norwegian
Kindergarten Act [7], children have the right to participate in ECEC institutions and access
opportunities for play, self-expression, and meaningful experiences. Additionally, the
framework plan [8] highlights the significance of play for children’s development and
learning, emphasizing its inherent value and the responsibility of ECEC institutions to
promote play. These policy documents demonstrate how governmental policy links play
and learning and the fundamental role of play in Norwegian ECEC institutions.

Numerous research links children’s play to their learning. Pramling Samuelsson and
Johansson [9] argue that play and learning should be considered inseparable dimensions
that support each other. Moreover, playful learning benefits various outcomes in ECEC
institutions [10]. While children’s play is spontaneous, voluntary, and engaged in for the
joy of the activity itself [11], scholars argue that play can also be beneficial for children’s
development and learning [12,13].

The autonomous, self-initiated, and social aspects of children’s play suggest that it is es-
sential in childhood, influencing how children feel. Correspondingly, the literature highlights
a close link between children’s play and well-being [14–19]. Moreover, involvement is a
natural aspect of play, rooted in children’s interests and intrinsic motivation—characteristics
closely linked to engagement and concentration [20,21]. Thus, play in ECEC institutions
is a situation where children can experience well-being and involvement and, thereby,
deep-level learning.

The theory of affordance [22] served as a theoretical framework for understanding
the child–environment interaction, suggesting that the physical environment significantly
impacts children’s play behaviours in ECEC institutions. Affordances refer to what the
environment offers and provides to individuals [22]. They emerge from the interaction
between the child and the environment, so different children with varying capabilities and
imaginations will perceive and utilize different affordances. For example, one child may
view a tree as climbable, while another may see it as a hiding place. Therefore, children’s
play in ECEC institutions is influenced not only by the characteristics of the physical
environment but also by the children themselves, their intentions, and the broader social
contexts in which they interact.

Objects in the physical environment of ECEC settings play a crucial role as they of-
fer various opportunities and possibilities for children’s engagement [22]. Research has
consistently demonstrated that increased access to object affordances positively influences
children’s indoor and outdoor ECEC play [23–26]. Objects with multiple functions, such
as sand and clay, tend to appeal to children [27]. According to Nicholson [28], loose
parts that encourage open-ended play are essential for fostering experimentation, creativ-
ity, discovery, and enjoyment among children. As a result, children naturally gravitate
towards interacting with objects, recognizing them as valuable and stimulating compo-
nents of their play experiences, which, in turn, may facilitate learning. Moreover, re-
search has directly linked children’s exploration of objects to cognitive functions such as
problem-solving [29] and convergent thinking [30]. Given the well-established connection
between play, well-being, and engagement, objects will likely play a supportive role in
facilitating deep-level learning within the ECEC environment. To gain a comprehensive
understanding of the interplay between deep-level learning, children’s play, and the uti-
lization of objects in the ECEC environment, our study aimed to address the following
research questions:

1. How does deep-level learning relate to play and the use of objects by 3–6-year-old
children during free play?

2. To what extent does children’s play behaviour mediate the relationship between their
use of objects and deep-level learning?



Educ. Sci. 2023, 13, 701 3 of 13

By investigating these questions, we sought to enhance our understanding of the
complex dynamics among deep-level learning, children’s play, and the role of objects in
the ECEC environment and thus address a gap in the literature related to how objects
facilitate learning.

2. Materials and Methods

This mixed-methods study was conducted as part of the Competence for Developing
ECEC Institutions' Indoor and Outdoor Environments (EnCompetence) project. The Re-
search Council of Norway funded this project (grant 270727), and the Norwegian Social
Science Data Services approved it. The project was carried out between 2017 and 2021 in
collaboration with three ECEC operators in Norway, including one public municipality
and two private owners. The data collection involved systematic and randomized video
observations of children during free play. In these periods, children could decide where
they wanted to be and what activities they wanted to do. Activities such as structured
adult lead learning activities, transitions, or meals were not observed.

2.1. Procedure and Sample

To achieve the project’s overall aim of developing knowledge about children’s inter-
actions with the physical ECEC environment, eight ECEC institutions were strategically
selected from among the three project partners’ institutions. The selected institutions were
chosen to provide a mix of physical environments and locations. The institutions had to
meet two criteria to be included in the study: first, they had to have more than fifteen
children in the age group of interest; and second, they had to be willing to participate.
The mean number of children of all ages at the institutions was 85, ranging from 58 to
117 children, and the institutions were opened between 1989 and 2014. Although the
size and design of the indoor and outdoor environments varied greatly, all institutions
provided children with objects like spades, buckets, tricycles, natural materials, toys, art
materials, construction materials, and open-ended materials. More detailed descriptions of
the participating institutions can be found in previous publications from the project [31].
Among the consented children, 10 were randomly selected from each ECEC institution
for inclusion in the study sample, five boys and five girls, for a total of 80 children. One
girl was absent when she was to be observed; thus, the final sample included 79 children,
40 boys and 39 girls. Data were collected in fall of 2018, with one week of observation at
each institution.

A rigid data collection protocol was established to ensure consistency across all par-
ticipating institutions. A preschool teacher from each institution was chosen as a co-
researcher and given a small handheld GoPro Hero action camera to film the play of
the selected children. This approach was adopted to reduce any disturbance to the chil-
dren’s actions while still recording high-quality video and audio data. The researcher
took notes and ensured that the protocol was followed. The co-researcher was advised to
get as near as feasible to capture speech, body language, and facial expressions without
impacting the situation.

During the study, two children were observed each day, with each child being filmed
for two minutes, followed by a break of six minutes. This process was repeated until each
child was recorded in six video observations in both indoor and outdoor environments.
If a child did not want to be filmed or if filming was not possible for ethical reasons, the
observation was postponed until the end of the day’s observation cycle. The co-researcher,
who was a preschool teacher familiar with the children, avoided filming in sensitive
situations and engaged in natural dialogue to encourage participation without influencing
their play. However, the children were not informed when the camera started to avoid
interrupting their activities.

For each of the 79 children, the data collection aimed to capture twelve observations:
six in the indoor environment and six in the outdoor environment, resulting in a potential
total of 948 two-minute video observations. However, the final sample included only
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928 observations due to various reasons, such as children being picked up by their parents
before the observation cycle was completed, children being hidden from view or disrupted
by the camera, or technical or human errors occurring.

2.2. Measures

This study focused on measuring children’s deep level learning, play behaviours, and
their use of objects. Children’s age, gender, and whether they were indoors or outdoors
were also considered as additional variables. The Leuven Well-Being and Involvement
Scales [32] were used to measure children’s well-being and involvement on a scale of one
to five for each two-minute observation. The five levels of well-being were described as
Level 1: Obvious signs of distress, Level 2: Signs of distress predominate, Level 3: A mixed
picture with no obvious signs, Level 4: Signs of enjoyment predominate, and Level 5:
Obvious signs of enjoyment [33]. The five levels of involvement were Level 1: No activity,
Level 2: Interrupted activity, Level 3: Activity without intensity, Level 4: Activity with
intense moments, and Level 5: Continuous intense activity [33].

Two independent researchers, Rater 1 (R1) and Rater 2 (R2), used Excel spreadsheets
to score the well-being and involvement of the observed children in each video observation.
The researchers were trained in using and interpreting the Leuven scales and manuals
through digital video training and workshops to enhance consistency in the coding. To
ensure internal consistency in the coding, clips were jointly reviewed, and disagreements
were discussed within the research group until a consensus was reached. Using weighted
kappa [34], the inter-rater agreement was 90% for both well-being and involvement, with a
kappa of 0.50 and 0.58, respectively, indicating moderate agreement [35].

Previous research [26,36] served as a foundation for this study on children’s play
behaviour, which was measured using six distinct categories. Functional play was iden-
tified as physical play, such as running, riding bikes, sliding, tumbling, fighting, and
climbing. Constructive play involved playing with objects and materials, such as drawing,
building sandcastles, and creating huts and shelters. Symbolic play consisted of imag-
inative play, such as role-play, dramatic play, and social play. Mixed play represented
the combinations of different types of play, without one play type predominating. Two
additional categories were used when the child was not playing: looking on indicated a
lack of engagement in play, where the child was sitting, relaxing, walking around, look-
ing for something to do, staring into space, or watching activities. Talking was coded
when the child was engaged in a conversation unrelated to play with other children
or adults.

These categories were mutually exclusive and were coded second-by-second using
Noldus Observer XT [37]. If observations could have been placed in more than one
category, the dominating play type, as interpreted by the researcher, was coded. This
coding resulted in numeric descriptions of the amount of play types in each observa-
tion. One researcher coded play for the entire sample, and a second researcher ensured
consistent coding by critically reviewing a random sample of 10% of the video obser-
vations. Although inter-rater calculations for play categories were not conducted, the
researchers discussed how specific observations should be interpreted, resulting in a uni-
fied understanding of each category and minor revisions to the initial coding. The study
included variables for three distinct play types (functional, constructive, and symbolic) in
the analysis.

The researchers created a coding system to measure how children interacted with
objects. The categories included when the child held, carried, collected, kicked, jumped
off or into, sat on, or otherwise used a material. These categories were not exclusive,
meaning children could use multiple objects simultaneously. To develop the specific
codes for outdoor objects, the researchers used the suggestions of Lerstrup and van
den Bosch [38] as a starting point and adjusted them based on their own data. The
final codes used to measure outdoor objects included sand, water, mud, natural mate-
rials, outdoor toys, open-ended materials, and wheeled toys. For indoor objects, the
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researchers looked at previous studies by Acer, Gozen, Firat, Kefeli and Aslan [24], and
van Liempd et al. [39] and adjusted them based on their own data. The codes for indoor
objects included pillows, blankets, large construction materials, small construction materi-
als, open-ended materials, outfits, toys, art materials, books, instruments, furniture, and
electronic equipment.

The observation of children’s use of objects was coded second-by-second using Noldus
Observer XT [37]. This resulted in numeric information indicating how much time the
child interacted with objects. One researcher conducted the coding for the entire sample
to ensure consistency, while a second researcher reviewed 10% of the video observations
to ensure the coding was accurate and the categories were interpreted consistently. Since
this measure was coded second-by-second, inter-rater calculations were not conducted,
but the second researcher reviewed the coding critically to ensure consistency. Following
this process, minor revisions were made to the initial coding, but the overall consistency
was deemed acceptable. In this article, all variables describing children’s interactions
with objects were combined into a single variable that describes all uses of objects in
the observation.

2.3. Analysis

The codings of children’s play and use of objects, which were collected using Observer
XT, were exported and combined with the data spreadsheet containing well-being and
involvement scores. The combined dataset was then imported into Stata MP 15.1 (Stata-
Corp, College Station, TX, USA) for statistical analysis. Generalized structural equation
modelling (GSEM) was selected over traditional structural equation modelling (SEM) to
establish the latent concept of deep level learning, following the nested data structure
and the necessity of controlling for the variance allocated at the child level in the anal-
ysis. Three-level models were not explored following the lack of explanatory variables
at the institutional level and the low number of institutions. Commonly reported mea-
sures for factor reliability within the SEM framework (e.g., x2, SRMR, RMSEA, CFI, TLI)
are not available within the GSEM framework in STATA and are therefore not reported.
The lack of such model metrics in GSEM is related to the estimation methods for these
models, and Deviance, Akaike information criterion (AIC), Bayesian information crite-
rion (BIC), and Likelihood-ratio tests are reported to compare the different models. The
penalty term for introducing more parameters is larger in BIC than AIC, and AIC is com-
monly preferred over BIC in multilevel models with varying sample sizes at different
levels [40].

3. Results

The average length of the 928 video observations in the sample was 122 s, with a
standard deviation of 4. Descriptive statistics are presented in Table 1 and demonstrate
that well-being and involvement were, on average, scored between 3.7 and 3.9, respec-
tively. The 79 children in the present sample were between 3.8 and 5.8 years old, with
an average age of 4.7 years. The most frequently occurring play type was constructive
play, representing 29% of the observed time. Functional and symbolic play occurred
24% and 15% of the observed times, respectively. The remaining time was mixed play
and non-play behaviours. Objects (not mutually exclusive) were used frequently and in
most observations.

Generalized structural equation models (GSEM) were used to construct a latent vari-
able for deep level learning. This latent variable was used to explore the relationship
between constructive play, symbolic play, functional play, and children’s use of objects.
This GSEM-analysis was conducted stepwise, and results from each step are presented in
Table 2.
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Table 1. Descriptive statistics (N = 928 video observations).

Mean SD Min Max

R1 Well-being 3.8 0.7 1 5
R2 Well-being 3.9 0.7 1 5

R1 Involvement 3.7 0.9 1 5
R2 Involvement 3.7 0.9 1 5

Age 4.7 0.6 3.8 5.8
Constructive play 29% 41 0 100

Symbolic play 15% 33 0 100
Functional play 24% 37 0 100

Objects 88% 63 0 300
R1 = Rater 1, R2 = Rater 2

Table 2. GSEM for Deep-Level Learning (DLL): measurement model (GM1), multilevel measurement
model (GM2), structural background model (GM3), objects model (GM4) and full structural model
(GM5) (N = 928 video observations).

GM1 GM2 GM3 GM4 GM5

Coeff.(s.d.) Coeff.(s.d.) Coeff.(s.d.) Coeff.(s.d.) Coeff.(s.d.)
Measurement

R1 Well-being DLL 1 (constr.) 1 (constr.) 1 (constr.) 1 (constr.) 1 (constr.)
Child 1 (constr.) 1 (constr.) 1 (constr.) 1 (constr.)

R2 Well-being DLL 0.95 (0.04) *** 1.04 (0.05) *** 1.03 (0.05) *** 1.04 (0.05) *** 1.04 (0.05) ***
Child 0.66 (0.09) *** 0.67 (0.10) *** 0.61 (0.10) *** 0.49 (0.11) ***

R1 Involvement DLL 1.29 (0.05) *** 1.39 (0.06) *** 1.39 (0.06) *** 1.42 (0.06) *** 1.41 (0.06) ***
Child 0.97 (0.08) *** 0.95 (0.08) *** 0.92 (0.09) *** 0.84 (0.10) ***

R2 Involvement DLL 1.30 (0.05) *** 1.48 (0.07) *** 1.48 (0.07) *** 1.52 (0.07) *** 1.52 (0.07) ***
Child 0.73 (0.12) *** 0.72 (0.12) *** 0.61 (0.13) ** 0.39 (0.14) **

Structural
DLL Age 0.05 (0.04) 0.08 (0.04) * 0.06 (0.03)

Boy 0.00 (0.05) 0.03 (0.04) 0.01 (0.04)
Outside −0.03 (0.03) −0.02 (0.03) −0.03 (0.03)
Objects 0.002 (0.000) *** 0.002 (0.000) ***

Construct. play 0.006 (0.001) ***
Symbolic play 0.006 (0.001) ***

Functional play 0.008 (0.001) ***
Error Variances

DLL 0.34 (0.01) 0.23 (0.02) 0.24 (0.02) 0.22 (0.02) 0.17 (0.02)
Child 0.11 (0.02) 0.11 (0.02) 0.10 (0.02) 0.08 (0.02)

R1 Well-being 0.21 (0.01) 0.20 (0.01) 0.20 (0.01) 0.21 (0.01) 0.21 (0.01)
R2 Well-being 0.21 (0.01) 0.21 (0.01) 0.21 (0.01) 0.21 (0.01) 0.21 (0.01)

R1 Involvement 0.19 (0.01) 0.20 (0.01) 0.19 (0.02) 0.19 (0.01) 0.19 (0.01)
R2 Involvement 0.24 (0.02) 0.23 (0.02) 0.22 (0.02) 0.21 (0.02) 0.20 (0.02)

Model Fit
Deviance 6844 6732 6729 6667 6421

AIC 6868 6764 6767 6707 6467
BIC 6926 6841 6859 6803 6578

* p < 0.05, ** p < 0.01, *** p < 0.001.

First, a measurement model was conducted (GM1). Second, a multilevel measurement
model was carried out (GM2) by including the child level in the model. GM2 was improved
significantly compared to GM1 (p < 0.001) using a likelihood-ratio test. Calculations of
intraclass correlation (ICC) on GM2 indicated that 32% of the variance in deep level learning
was allocated at the child level, highlighting the importance of controlling for the nested
data structure in this particular data. This notion was supported by the improvement in
model fit measures from GM1 to GM2, where Deviance, AIC, and BIC were reduced.
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Third, a structural background model (GM3) was conducted by including the child’s
age and gender in the model. A variable describing if the observation was conducted
indoors or outdoors was also included. This model showed no significant improvement
compared to GM2 using the likelihood-ratio test, suggesting that the child’s age, gender,
and observation environment (outdoors or indoors) were unrelated to deep level learn-
ing. This conclusion was supported by the lack of a statistically significant relationship
with deep-level learning for these variables and the lack of reduction in Deviance, AIC,
and BIC.

Fourth, children’s use of objects was included (GM4). GM4 significantly improved
compared to GM3 using the likelihood-ratio test (p < 0.001). Deviance, AIC, and BIC also
showed a reduction from the previous models, suggesting that children’s use of objects
explained variance in deep level learning. Children’s use of objects was significantly
positively related to their levels of deep level learning, and deep learning was expected to
increase by 0.2 if the child interacted with one material during the entire observation. Deep-
level learning was predicted to increase by 0.4 if the child interacted with two categories of
objects during the full observation.

Fifth, GM5 included variables for constructive play, symbolic play, and functional play.
GM5 significantly improved compared to GM4 using the likelihood-ratio test (p < 0.001).
Additionally, Deviance, AIC, and BIC showed a reduction from the previous model, sug-
gesting that children’s play behaviours explained a substantial amount of variance in
deep-level learning. The three play types demonstrated similar positive relationships with
deep-level learning. The latent variable for deep-level learning was estimated to increase
by 0.8 if the child played functionally for the entire observation. Deep-level learning was
estimated to increase by 0.6 when the child engaged in symbolic play or constructive play
for the entire observation.

Stepwise GSEM analysis was also used to explore the possible mediating role of
children’s play behaviour in the relationship between objects and deep-level learning. The
models used to provide the mediation analysis are presented in Table 3, and the final model
is illustrated in Figure 1.

Table 3. GSEM Mediation model for Deep-Level Learning (DLL): structural background model
(MM1), objects model (MM2), and full mediation model (MM3) (N = 928 video observations).

MM1 MM2 MM3

Coeff.(s.d.) Coeff.(s.d.) Coeff.(s.d.)
Measurement

R1 Well-being DLL 1 (constr.) 1 (constr.) 1 (constr.)
Child 1 (constr.) 1 (constr.) 1 (constr.)

R2 Well-being DLL 1.04 (0.05) *** 1.04 (0.05) *** 1.04 (0.05) ***
Child 0.67 (0.10) *** 0.61 (0.10) *** 0.49 (0.11) ***

R1 Involvement DLL 1.39 (0.06) *** 1.42 (0.06) *** 1.41 (0.06) ***
Child 0.95 (0.08) *** 0.92 (0.09) *** 0.84 (0.10) ***

R2 Involvement DLL 1.48 (0.07) *** 1.52 (0.07) *** 1.52 (0.07) ***
Child 0.72 (0.12) *** 0.61 (0.13) *** 0.39 (0.14) **

Structural
DLL Age 0.05 (0.04) 0.08 (0.04) * 0.06 (0.03)

Boy 0.00 (0.05) 0.03 (0.04) 0.01 (0.04)
Outside −0.03 (0.03) −0.02 (0.03) −0.03 (0.03)
Objects 0.0022 (0.0003) *** 0.0016 (0.0003) ***

Constructive play 0.006 (0.001) ***
Symbolic play 0.006 (0.001) ***

Functional play 0.008 (0.001) ***
Objects Constructive play 0.27 (0.02) *** 0.27 (0.02) *** 0.27 (0.02) ***

Symbolic play 0.07 (0.02) *** 0.07 (0.02) *** 0.07 (0.02) ***
Functional play −0.18 (0.02) *** -0.18 (0.02) *** −0.18 (0.02) ***
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Table 3. Cont.

MM1 MM2 MM3

Error variances
DLL 0.23 (0.02) 0.23 (0.02) 0.17 (0.02)
Child 0.11 (0.02) 0.10 (0.02) 0.08 (0.02)

R1 Well-being 0.20 (0.01) 0.21 (0.01) 0.21 (0.01)
R2 Well-being 0.21 (0.01) 0.21 (0.01) 0.21 (0.01)

R1 Involvement 0.19 (0.02) 0.19 (0.01) 0.19 (0.01)
R2 Involvement 0.22 (0.02) 0.21 (0.02) 0.20 (0.02)

Constructive play 1416 (66) 1416 (66) 1416 (66)
Symbolic play 1053 (49) 1053 (49) 1053 (49)

Functional play 1242 (58) 1242 (58) 1242 (58)
Model Fit

Deviance 34,433 34,370 34,125
AIC 34,489 34,428 34,189
BIC 34,624 34,568 34,343

* p < 0.05, ** p < 0.01, *** p < 0.001.
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Figure 1. Path diagram for mediation GSEM model (MM3).

The first step in the mediation analysis was a structural background model (MM1).
Here, control variables for age, gender, and environment were included (similar to GM3),
and a structural part linked objects to the three play types. This structural part of the model
demonstrates a significant positive relationship between children’s use of objects and their
constructive and symbolic play. The relationship with the constructive play behaviour
was most substantial, with an estimated 27% increase in constructive play when the child
interacted with one material during the entire observation. Children’s symbolic play is
estimated to increase by 7% in the same condition. In contrast, a negative relationship was
established between children’s functional play and objects.

Objects were included as an explanatory variable for deep level learning in the second
model (MM2). MM2 significantly improved compared to MM1 using the likelihood-ratio
test (p < 0.001), and Deviance, AIC, and BIC showed a reduction from MM1. The results
of this model were similar to GM4, suggesting that when using one material, the entire
observation is associated with a 0.2 increase in deep-level learning.

The full mediation model was conducted in the third method (MM3), where the three
play types were linked to deep-level learning. MM3 significantly improved compared
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to MM2 using the likelihood-ratio test (p < 0.001); the other model fit measures also
demonstrated improvement. The direct effect of children’s use of objects on deep-level
learning was reduced from 0.0022 to 0.0016 following the introduction of this part of the
model, suggesting that the positive association between objects and deep-level learning
was partly mediated through constructive and symbolic play.

4. Discussion

The findings in this study demonstrate that children’s deep-level learning varies across
children, play behaviours, and use of objects. Moreover, children’s play behaviours partly
mediate the positive relationship between interaction with objects and children’s deep-level
learning. In summary, these results reinforce the idea that activities in ECEC facilities
are crucial for children’s growth and education [41]. Moreover, the concept of deep-level
learning could serve as an important indicator of the quality of educational institutions [1].

As much as 32% of the variation in deep-level learning was allocated at the child level
in this study, suggesting substantial variation in the degree to which children experience
activities that nurture their potential for learning during periods of free play in ECEC
institutions. The emphasis on freedom and free play in the Norwegian ECEC context [6]
and children’s right to choose their own activities (Ministry of Education and Research,
Ref. [8]) seems to benefit many children’s potential for learning. However, the variation
in deep level learning also suggests some children may struggle to find meaningful and
challenging activities in more unstructured circumstances. This suggests the importance
of considering individual children’s needs and the essential role of the pedagogues as
observers, facilitators, and participants in children’s activities.

The clear and substantial positive relationship between play and children’s deep-level
learning underlines the power of play for learning, supporting previous research in this
field [9,10,12]. The positive relationship between the three play types studied (functional,
constructive, and symbolic) and deep-level learning was similar and suggested that they
should be considered equally important for children’s deep-level learning. Constructive
and symbolic play types are positively related to cognitive outcomes like problem-solving,
convergent thinking, and executive functioning skills [29,30,42]. Physical active play
behaviours like functional play have also been linked to cognitive benefits [13], and the
physical activity dimension of the play type may support children’s cognition, brain
structure, and functioning [43]. However, it must be noted that the deep-level learning
explored in this study is more holistically oriented with a focus on children’s intrinsic
motivation, fascination, the intensity of experience, and well-being [2–4,32,33] compared to
the studies above. Nevertheless, the main takeaway is that to support children’s deep-level
learning, the ECEC institution should support and facilitate children’s play and provide
children with a variety of play possibilities.

The physical ECEC environment has previously been found to be essential in children’s
play [23–26], a notion supported by the theory of affordance [22,44]. This study suggests
that interacting with objects in ECEC institutions is positively associated with deep-level
learning. This finding aligns with previous classical works in the field [27,28]. The findings
suggest that providing children with an abundance of varied objects supports their deep-
level learning.

The results further demonstrate that the positive relationship between children’s
deep-level learning and interactions with objects is partly mediated through children’s
engagement in constructive and symbolic play. This aspect adds a novel perspective to
the field by highlighting how different types of play contribute to the positive relationship
between object utilization and deep-level learning. Children’s engagement in these play
types was positively related to objects, while functional play was negatively related to
the use of objects. Using the theory of affordance [22] as a basis, it can be suggested that
various materials provide unique opportunities for actions and may impact children’s
play behaviours in distinct ways. Interestingly, previous studies have found objects to
be positive for functional play types [45,46]. The negative association between objects
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and functional play in this study may suggest that most of the objects available to the
children participating in this study afforded constructive and symbolic play types, like
small construction materials, materials, buckets, spades, sand, and water [47,48]. While
some of the positive relationships between objects and children’s deep level learning were
mediated through play, much of the effect remained when play was controlled for. This
finding suggests that objects play may also support deep level learning when used for
activities other than play. Children should therefore be able to freely explore, manipulate,
and handle different objects for diverse activities and purposes.

This is an ambitious study of ambiguous concepts in children’s everyday ECEC envi-
ronments, which results in many limitations. Although deep-level learning was introduced
two decades ago [1], few studies have addressed this concept empirically. While the scales
for well-being and involvement [32] have been used separately, e.g., Refs. [33,49–52], to
our knowledge, this is the first study to use both scales to address the overarching concept
of deep-level learning. Although all factor loadings were statistically significant, and the
scorings of well-being and involvement were strongly associated, the interrater scores
for involvement and well-being suggest challenges related to the reliability of the scales.
Moreover, the degree to which these two scales jointly represent the concept of deep-level
learning and its relevance for children’s learning remains an unanswered question.

Measuring children’s play is challenging, as play is an ambiguous concept [11], and
researchers may not fully understand the child’s thought process. Therefore, a completely
objective and valid measure of play does not exist, and in this study, the measurement of
play was dependent on the researcher’s interpretation, which can be considered a limitation.
Children’s interaction with objects was easier to measure objectively, yet limitations to this
measure also exist as different objects and environments may influence the relationship
differently. To address this limitation, this study included observations from indoor and
outdoor environments with different types of objects, strengthening the generalizability of
the results to different contexts.

The cross-sectional nature of this study did not allow for an exploration of causal
mechanisms. Although the use of structured video observations represents a novel contri-
bution, allowing for a rich and detailed analysis of children’s behaviours and interactions
within the educational environment, the use of cameras in the data collection may have
been related to higher participant reactivity, a limitation commonly associated with video
observations in behavioural studies [53]. Although most children seemed unaffected by the
filming and the researchers’ presence, this was not objectively verifiable. It is also important
to underline that data collection was only conducted in eight ECEC institutions in Norway.
The limited number of participating institutions, the cultural context in which the study
was conducted, and the other limitations related to the data collection and analysis must be
considered when transferring the findings to different circumstances.

5. Conclusions

In conclusion, this study provides valuable insights into the positive relationship
between children’s engagement in play, their use of objects, and their deep-level learning in
early childhood education and care (ECEC) institutions. Additionally, the findings highlight
the mediating role of constructive play and symbolic play in facilitating deep-level learning
through the utilization of objects. Looking ahead, there are several promising avenues for
future research in this area. Firstly, it would be beneficial to explore the specific types of
objects and materials that are most effective in promoting deep-level learning and examine
their impact on children’s cognitive, social, and emotional development. This line of inquiry
could inform the development of targeted interventions and curriculum enhancements in
ECEC settings. Furthermore, future studies could investigate the longitudinal effects of
play and object utilization on children’s deep-level learning to gain a better understanding
of the sustained impact over time. This longitudinal perspective would provide insights
into the long-term developmental outcomes associated with play-based learning and the
use of objects in early childhood. Lastly, the development of more robust measures to
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assess deep-level learning in young children would be a valuable contribution to the field.
Future research could focus on refining and validating measurement tools to provide
educators and researchers with reliable and comprehensive assessments of children’s deep-
level learning, allowing for more informed decision-making and effective educational
practices. By pursuing these future directions, we can further advance our understanding
of the role of play, objects, and deep-level learning in early childhood education, ultimately
promoting the creation of meaningful and inspiring activities that support children’s holistic
development and everyday experiences.
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