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ABSTRACT KEYWORDS

The quality of the preschool environment may affect preschooler’s Preschool quality; early
levels of physical activity and sedentary time. In this paper, we aimed ~ childhood education;
to assess the quality of the preschool movement environment and pedagogy; sedentary time;
associations between the movement environment and children’s ~ Movement behaviors;
physical activity and sedentary time in Norwegian preschools. A preschoolers

sample of 71 departments within 46 preschools provided data on the

Movement Environment Rating Scale (MOVERS). 794 children aged

3-5 years provided accelerometer data (ActiGraph GT3X+).

Associations were examined using multivariate pattern analysis. Our

results indicate that the movement environment is of minimal quality

in Norwegian preschools. We found positive associations for light and

moderate intensity physical activity and negative associations for

sedentary time with the overall MOVERS score, as well as for several

items and sub-scales. Our findings suggest that higher quality of the

preschool movement environment is associated with more

movement and less sedentary time.

Introduction

Physical activity (PA) is important for normal growth and development during child-
hood and has been positively associated with cardiometabolic and psychosocial health,
cardiovascular fitness, bone and skeletal health, as well as motor and cognitive develop-
ment in preschoolers (Carson et al. 2017; Veldman et al. 2021). Reducing screen time and
sedentary behaviors may also play a role for health promotion and disease prevention in
children, though the importance of sedentary time (SED) independent of PA is unclear
(Cliff et al. 2016; Poitras et al. 2017). PA and SED are known to track during childhood
and into adulthood (Jones et al. 2013; Telama et al. 2014), which means establishing
healthy behaviors early in life may be an effective public health strategy.
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In Norway, preschools have high attendance rates (97% of children aged 3-5 years),
and children spend a large proportion of the day in the preschool setting (SSB 2021).
The preschool setting is therefore of great importance for children’s PA (Nilsen et al.
2019). Internationally, levels of PA during preschool hours are highly variable
(O’Brien et al. 2018). This variation can partly be explained by methodological variation
between studies, but it may also result from differences in the quality of the movement
environment between preschools (Finn, Johannsen, and Specker 2002; Pate et al. 2004).
As a result, there is a growing number of studies investigating how the quality of the pre-
school environment can affect children’s PA and SED (Bower et al. 2008; Dowda et al.
2009; Johannessen et al. 2020; Tandon et al. 2020; Zhang et al. 2021).

The quality of the preschool environment is multidimensional and can be categorized
into structure and process quality (Archer and Siraj 2017). Structure quality refers to the
resources used in the provision of care and includes, for example, features of indoor and
outdoor spaces, presence of play equipment, and organizational structures such as edu-
cator qualifications, written policies, and time spent outdoors and in PA (Tonge, Jones,
and Okely 2015; Zhang et al. 2021). Process quality refers to social, emotional, and phys-
ical educator-child and peer-child interactions while being involved in PA, play, and
other activities (Archer and Siraj 2017).

Several observation instruments have been developed to assess the quality of the pre-
school environment, for example, ‘The Early Childhood Environment Rating Scale -
Revised (ECERS-R)” (Harms, Clifford, and Cryer 2005), ‘Assessing Quality in Early
Childhood Education and Care: Sustained Shared Thinking and Emotional Well-being
(SSTEW)’ (Siraj, Kingston, and Melhuish 2015) and ‘Environment and Policy Assess-
ment and Observation (EPAO)’ (Ward et al. 2008). However, ECERS-R and SSTEW
mainly focus on children’s development in the social/emotional or cognitive/language
domains and EPAO does not assess the quality of educator-child interaction or
aspects regarding motor skills (Kazmierska-Kowalewska et al. 2021). Moreover,
findings for associations between ECERS-R and PA has been conflicting: While
ECERS-R was positively associated with children’s MVPA in a study conducted in the
USA (Dowda et al. 2009), it was negatively associated with children’s MVPA in a
study conducted in Norway (Johannessen et al. 2020).

With these limitations in mind, a new observational instrument, The Movement
Environment Rating Scale (MOVERS) (Archer and Siraj 2017), which addresses both struc-
ture and process quality of the movement environment, has been developed. To our knowl-
edge, this instrument has not been used to assess the quality of the movement environment
in Norwegian preschools and only one study has investigated associations between PA and
preschool environmental quality using this instrument (Zhang et al. 2021). This study
found modest quality and positive associations for the overall score and the sub-scales ‘Cur-
riculum, environment, and resources for physical development’ and ‘Pedagogy for physical
development’ with children’s moderate-to-vigorous PA (MVPA) (Zhang et al. 2021), and
negative associations for these sub-scales with SED. However, the study included a rela-
tively small sample of children (n = 118), limiting generalizability of the findings.

Against this background, there is a need for more knowledge about the movement
quality of Norwegian preschools and a better understanding of how both structure
and process quality of the preschool environment affect preschoolers’ PA and SED in
different contexts. The main aim of the current study was therefore to comprehensively
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examine associations between preschool environmental quality using MOVERS and chil-
dren’s intensity-specific PA and SED.

Materials and methods
Study design and participants

Active Learning Norwegian Preschool(er)s (ACTNOW) is a large cluster randomized
controlled trial of staft professional development to promote PA, motor skills, cognition,
and learning in preschoolers, conducted in the western part of Norway 2019-2022.
Details about the study design is described elsewhere (Aadland et al., 2020c). The
present study used cross-sectional baseline data from ACTNOW where a total of 1265
children enrolled in 104 departments (i.e. rooms) within 46 preschools were eligible
for analysis. We provided oral and written information about the study to parents of
all participating children and all parents gave their written consent prior to testing.
We informed all preschools about the study and they also agreed to participate prior
to testing. Relevant procedures were sought explained to all children given their levels
of understanding. All procedures and methods are in agreement with the ethical guide-
lines outlined by the World Medical Association’s Declaration of Helsinki and its sub-
sequent revisions. ACTNOW was approved by the institutional ethics committee and
the Norwegian Centre for Research Data (reference number 248220), and was registered
in clinicaltrials.gov 7 August 2019 (identifier NCT04048967).

Measures

PA was measured objectively using the ActiGraph GT3X+ accelerometer over seven con-
secutive days. This accelerometer is the most used and validated instrument in the field
(O’Brien et al. 2018). Children were instructed to wear the accelerometer on the right hip
throughout the whole day. Accelerometer files were analyzed using the KineSoft analyti-
cal software version 3.3.80 (KineSoft, Loughborough, UK) aggregated at 1-second epochs
to correctly capture short burst of PA given the sporadic activity pattern of this age group
(Cain et al. 2013; Aadland, Andersen et al., 2020a). Consecutive periods of zero counts
over >20 minutes were defined as non-wear time (Esliger et al. 2005). To examine associ-
ations between preschool quality and children’s preschool PA levels, PA data was
restricted to care hours (08:30-15:30) on weekdays, with a wear-time criterion of >5
hours/day and >3 days. Results were reported for total PA (counts per minute (cpm))
and for minutes spent sedentary (<100 cpm), in light PA (LPA, 100-2295 cpm), in mod-
erate PA (MPA, 2296-4011 cpm), in vigorous PA (VPA, >4012 cpm), and in MVPA
(>2296 cpm) (Evenson et al. 2008).

The preschools’ movement environment quality and educational practice were exam-
ined using MOVERS (Archer and Siraj 2017). The observation was conducted by three
trained researchers. Inter-rater reliability was 0.82. For assessing MOVERS in
ACTNOW, the researchers spent a whole day (08:30-15:00) in each department, followed
by a discussion with an educational leader. The observation was supplemented by a
review of documentation and written plans. MOVERS consists of 11 items that form
four sub-scales (Table 2) relating to the overall structure and process quality of the
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preschool department. The items are scored from 1 to 7, where 1 =inadequate, 3 =
minimal, 5=good, and 7 = excellent, similar to other environment ratings scales, for
example, ECERS-R. Each item has several indicators that describe practice. Achieving
a score for an item requires meeting all indicators at this level and lower. For
example, a score of 5 is credited when all indicators at level 1 are marked as NO,
all indicators at level 3 are marked as YES and all indicators at level 5 are marked as
YES. The observation starts with an evaluation of level 1 and each level is then scored
systematically. Sub-scales were calculated as the mean of their items. Further
information about the scoring in MOVERS is presented elsewhere (Archer and Siraj
2017). The movement environment was assessed in all preschools. If a preschool had
multiple departments, only departments with >10 children enrolled in ACTNOW
were assessed.

We measured children’s body weight to the nearest 0.1 kg using an electronic scale
(Seca 899, SECA GmbH, Hamburg, Germany) and height to the nearest 0.1 cm using
a portable stadiometer (Seca 217, SECA GmbH, Hamburg, Germany). We calculated
body mass index (BMI, kg/m?®) and thereafter classified children as normal weight
(including underweight), overweight, or obese according to the criteria suggested by
Cole et al. (2000). We reported parental educational level as the highest level of the
mother or father (<high school, university <4 years, university >4 years).

Statistical analysis

Characteristics of children were reported as means and standard deviations (SD) or fre-
quencies. MOVERS scores were described as means, SDs, and minimum-maximum
values, and their interrelation were determined using Pearson correlations (r). Due to
multicollinearity of the MOVERS items and sub-scales, associations between
MOVERS (independent variables) and children’s PA and SED (dependent variables)
were examined using multivariate pattern analysis. Partial least squares (PLS) regression
analyzes (Wold et al. 1984) can model any number of collinear explanatory variables by
decomposing these variables into a few orthogonal PLS components that maximizes the
covariance with the outcome variable (Wold et al. 1984). We used Monte Carlo resam-
pling (Kvalheim et al. 2018) with 1000 repetitions to validate the numbers of PLS com-
ponents in the models, by randomly using 50% of the subjects in an external validation
dataset. The importance of each MOVERS item and sub-scale in the multivariate space
was shown using target projection (Kvalheim and Karstang 1989; Rajalahti and Kvalheim
2011) followed by reporting of multivariate correlation coeflicients with 99% confidence
intervals (CIs) (Rajalahti et al. 2009a; Rajalahti et al. 2009b; Aadland et al. 2019). We
adjusted SED and PA for sex, age, BMI, parental education, and accelerometer wear
time prior to using these variables in PLS regression by obtaining residuals from linear
regression models (i.e. we derived residualized scores for SED and PA by including
these variables as outcomes and covariates as explanatory variables in these models).
We performed multivariate pattern analyzes using Sirius version 11.5 (Pattern Recog-
nition Systems AS, Bergen, Norway). Linear mixed models were used to determine
intra-class correlations (ICC) for SED and PA across departments (variance explained
by departments/total variance) using SPSS version 27 (IBM SPSS Statistics for
Windows, Armonk, NY: IBM Corp., United States).
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Results
Description of the sample

The movement environment was assessed for 94 of the 104 departments included in
ACTNOW, of which we obtained valid data on all items for 71 departments. Missing
item scores are due to a lack of information from some educators. In total, 902 children
were enrolled in these 71 departments, of whom 827 children provided valid acceler-
ometer data and 749 children provided valid data on all covariates. Thus, we included
71 departments and 749 children (Table 1) in the analysis.

MOVERS scores were generally low, with mean scores for all sub-scales around
‘minimal quality’ (range of mean values 2.2-3.5) (Table 2). The highest score was
found for the sub-scale ‘Curriculum, environment and resources for physical develop-
ment’. Within this sub-scale the items ‘Gross motor skills’ and ‘Arranging environmental
space to promote PA’ had the highest scores. The scores on each item ranged from 1 to 7,
except for item 9, indicating high variation in movement environment quality between
departments. Intercorrelations between items (r=0.00-0.61) and sub-scales (r=0.23-
0.68) are shown in Supplemental Table 1.

Associations between MOVERS and children’s PA

Department explained 14.6-17.6% of the variation in children’s intensity-specific PA and
SED levels (ICC =0.164, 0.158, 0.176, 0.176, 0.146, and 0.157 for CPM, SED, LPA, MPA,
VPA, and MVPA, respectively). MOVERS scores were significantly associated with SED,
LPA, and MPA (explained variances = 4.71, 6.22, and 6.97%, respectively), whereas associ-
ations for other PA variables were non-significant. Thus, MOVERS explained approximately
one-third of the children’s SED, LPA, and MPA explained by the departments.

Table 1. Children’s characteristics.

Total sample Boys Girls
Characteristic n=749 n =405 n=344
Age (years) 4.3 (0.9) 4.3 (0.9) 4.4 (0.9)
Body mass (kg) 18.6 (3.3) 18.8 3.2) 18.3 (3.4)
Height (cm) 106.5 (7.9) 107.1 (7.9) 105.8 (7.8)
BMI (kg/mz) 16.3 (1.5) 16.3 (1.3) 16.3 (1.7)
Overweight/obese (%)* 15.0/2.8 11.1/2.7 19.5/2.9
Parental education level (%)
< High school 26.6 274 25.6
University < 4 years 29.2 304 27.9
University > 4 years 44.2 422 46.5
Physical activity®
Wear days (n) 5.2 (0.8) 5.2 (0.8) 53(0.8)
Wear time (min/day) 408 (16) 407 (18) 409 (15)
Total PA (cpm) 817 (226) 850 (223) 777 (223)
SED (min/day) 266 (22) 259 (21) 275 (21)
LPA (min/day) 94 (15) 98 (13) 89 (14)
MPA (min/day) 24 (6) 26 (6) 22 (5)
VPA (min/day) 24 (9) 25 (9) 23 (8)
MVPA (min/day) 48 (13) 51 (13) 45 (12)

SD = standard deviation. BMI = Body mass index; SED = sedentary time; LPA = Light physical activity; MPA = moderate
physical activity; VPA = vigorous physical activity; MVPA = Moderate-to-vigorous physical activity.

Note: All values are mean (SD), unless stated otherwise.

?Defined by the Cole et al. (2000) criteria.

bDefined by the Evenson et al. (2008) cut points applied to the vertical axis.
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Table 2. Departments’ MOVERS scores.

Mean Min-
Sub-scales and items (SD) max
Curriculum, environment, and resources for physical development (sub-scale) 3.5 (0.9) 1.8-6.5
1 Arranging environmental space to promote PA 3.7 (1.4) 1-7
2 Providing resources including portable and/or fixed equipment 2.9 (1.4) 1-7
3 Gross motor skills 3.9 (1.1) 1-7
4 Body movement to support fine motor skills 3.6(1.2) 1-6
Pedagogy for physical development (sub-scale) 2.2 (1.0) 1.0-5.0
5  Staff engaging in movement with children indoors and outdoors 2.4 (1.5) 1-6
6  Observation and assessment of children’s physical development indoors and outdoors 1.8 (1.1) 1-6
7 Planning for physical development indoors and outdoors 2.5(1.3) 1-7
Supporting physical activity and critical thinking (sub-scale) 2.2 (0.8) 1.0-5.0
8  Supporting and extending children’s movement vocabulary 24(1.2) 1-7
9  Encouraging sustained shared thinking by communicating and interacting through PA 1.8 (0.4) 1-3
10  Supporting children’s curiosity and problem-solving indoors and outdoors 2.3(13) 1-6
Parents/carers and staff (sub-scale) 2.8 (0.9) 1-7
11 Staff inform families about children’s physical development and the benefits of their 2.8 (0.9) 1-7
learning, development, and health
Overall score 2.7 (0.7) 1.4-5.5

Note: Scores range from 1 =inadequate to 7 = excellent.

Association patterns for MOVERS with PA and SED derived from the significant
regression models are shown in Figure 1. Associations were generally negative for SED
and positive for LPA and MPA, including significant negative (SED) and positive associ-
ations (LPA, MPA) with the overall MOVERS score. The strongest and most consistent
associations were found for the ‘Pedagogy for physical development’ sub-scale, where all
items were positively associated with LPA and MPA, and all items, except ‘Staff engage in
movement with children’, were negatively associated with SED. For the sub-scale ‘Cur-
riculum, environment and resources for physical development’, associations were nega-
tive for SED and positive for LPA and MPA. The strongest (positive) associations were
found for the items ‘Arranging environmental space to promote PA’ and ‘Providing
resources including portable and/or fixed equipment’ with MPA, whereas associations
for other items were non-significant except a positive association for ‘Body movement
to support fine motor skills’ with LPA. Associations for the sub-scale ‘Supporting phys-
ical and critical thinking” were positive for MPA but non-significant for SED and LPA.
Associations for the ‘Parents/carers and staff’ sub-scale/item were generally weak and
non-significant, though a significant negative association was indicated for MPA.

Discussion

The present study assessed the quality of the movement environment in Norwegian pre-
schools by using MOVERS, and examined associations between MOVERS and children’s
accelerometer-determined PA and SED. Generally, the movement environment was
found to be of minimal quality. The overall MOVERS score was positively associated
with LPA and MPA and negatively associated with SED. The strongest positive associ-
ations were seen between the sub-scale ‘Pedagogy for physical development’” and chil-
dren’s LPA and MPA. This sub-scale was also negatively associated with SED.
According to the MOVERS instrument, the mean overall score and mean sub-scale scores
on MOVERS indicate that the movement environment generally is of ‘minimal’ quality
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030 Sedentary time
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Multivariate correlation coefficient
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Total score

Gross motor skills (item 3)

Arranging environmental space (item 1)

Providing resources and equipment (item 2)
Supporting fine motor skills (item 4)

Curriculum, environment, and resources (sub-scale)
Staff engaging in movement (item 5)

Observation and assessment (item 6)

Planning for physical development (item 7)
Pedagogy for physical development (sub-scale)
Supporting and extending vocabulary (item 8)
Encouraging sustained shared thinking (item 9)
Supporting curiosity and problem-solving (item 10)
Staff information to families (item 11)
Parents/carers and staff (sub-scale)

Supporting physical and critical thinking (sub-scale)

Figure 1. Multivariate association patterns for the preschool movement environment with physical
activity and sedentary time. Results are reported as multivariate correlation coefficients that for
each outcome are derived from a joint model including all MOVERS items and sub-scales. Multivariate
correlation coefficients can be interpreted equivalent to bivariate correlations, though they are
derived from a multivariate model. Error bars are 99% Cls.

(score of 3) in Norwegian preschools. Our mean overall score was 2.7, whereas sub-scales
ranged from 2.2 to 3.5. These scores are somewhat lower than scores observed in previous
studies using MOVERS (Kazmierska-Kowalewska et al. 2021; Zhang et al. 2021) although
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all three studies rate the movement environment to be of minimal quality. An Australian
study found overall MOVERS scores of 3.15 and 3.16 on two repeated observations (Kaz-
mierska-Kowalewska et al. 2021). A Canadian study reported an overall score of 3.39,
with sub-scale scores ranging from 2.74 to 4.11 (Zhang et al. 2021). To be rated higher
than minimal quality on the sub-scales, deliberate practices by educators are required (Kaz-
mierska-Kowalewska et al. 2021; Archer and Siraj 2017). Hence, according to MOVERS,
there is a potential to improve the movement environment in preschools through a more
deliberate pedagogy regarding physically active play. However, when visiting preschools,
we observed that educators faced several challenges regarding their capacity to engage in
deliberate play with children. For example, organization of breaks, meetings, or planning
time for educators were often scheduled after lunch, resulting in few educators being avail-
able for children during the part of the day where children primarily were outdoors and had
the best opportunities for PA. Furthermore, educators revealed that staff, primarily assistants
(staff without teacher education), did not feel competent to facilitate PA indoors or outdoors.
Hence, some staff members may intentionally avoid initiation and participation in PA. This
is in line with the study by Copeland et al. (2012), reporting that educators’ personal attitudes
and low self-efficacy toward delivering PA might be barriers for children’s PA opportunities.
The high number of assistants, and thus lack of qualified educators, in Norwegian preschools
(>50% of staft) (The Norwegian Directorate of Education 2016) may also limit the quality of
child-educator interactions, and may partly explain the relatively low MOVERS scores in
general.

It should be noted that although departments obtained low scores, some indicators of
higher quality were fulfilled. Hence, the scoring procedure might have led to an impression
of lower quality than was the case. Notably, the validity of the standard scoring procedure of
rating scales similar to the MOVERS, for example, ECERS-R, has been discussed with respect
to its structure and ordering of quality indicators (Gordon et al. 2015). Furthermore, as
MOVERS is developed in preschool contexts different from the Norwegian, some indicators
may not be culturally relevant in Norwegian preschools. For example, Norwegian preschools
spend much time outdoors (Ylvisaker et al. 2022) and primarily facilitate physically active
play while being outdoors, resulting in less focus on physical active play indoors and thus
relatively low scores related to indoor movement play.

In our study, the strongest associations between MOVERS and intensities of PA (LPA
and MPA) and SED were observed for the sub-scale ‘Pedagogy for physical development’,
which mainly concerns indicators of process quality (educator engagement, observation,
and planning). Partly in line with our findings, Zhang et al. (2021) found associations for
this sub-scale with MVPA and SED, but not with LPA. However, both epoch and cut
points differ between these studies, possibly explaining part of the discrepancy. We
used 1 s epoch and the cut points by Evenson et al. (2008) (i.e. MVPA > 2296 cpm),
whereas Zhang et al. (2021) used 15 s epoch and the cut points by Pate et al. (2006)
(i.e. MVPA > 1680 cpm). This difference might explain a positive association for LPA
in our study but not by Zhang et al. (2021) given that part of the activity captured as
LPA in the present study was captured as MPA by Zhang et al. (2021). Nevertheless,
the positive associations for PA with the ‘Pedagogy for physical development’ sub-
scale from these two studies highlight the importance of educators promoting children’s
PA. This sub-scale includes, for example, information about how the educators engage in
movement activities, how written plans are used to facilitate PA, or how the educators use
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observation as a tool to improve children’s movement opportunities (Archer and Siraj
2017). Our findings might also support the hypothesis by Tonge, Jones, and Okely
(2015), postulating that educators can influence children’s PA through engagement, crea-
tivity, and role modeling during physically active play. Recent studies also suggest that
educators’ levels of PA and SED can have a positive influence on preschoolers PA
levels (Carson et al. 2020; Fossdal et al. 2018; Tonge, Jones, and Okely 2021). The impor-
tance of educators’ involvement is also evident in the study by Copeland et al. (2012),
indicating that children could have different movement experiences even within the
same environment, based on the beliefs, creativity, and level of engagement of the
educators.

Both our study and the study by Zhang et al. (2021) found positive associations
between PA and the sub-scale ‘Curriculum, environment and resources for physical
development’. As for the previous sub-scale, we found positive associations for this
sub-scale with LPA and MPA (and negative associations with SED), whereas Zhang
et al. (2021) found a positive association with MVPA (and a negative association with
SED). This sub-scale includes criteria regarding structure quality elements, which also
previously have been associated with higher levels of MVPA, such as presence of an
outdoor environment, larger play space and time spent outdoors (Johannessen et al.
2020; Tandon et al. 2018; Tonge, Jones, and Okely 2015; Truelove et al. 2018). These
findings may be explained by opportunities to participate in unstructured free play invol-
ving running, jumping, and other gross motor activities of moderate to vigorous inten-
sities outdoors (Tremblay et al. 2015). To provide children unstructured free play
opportunities outdoors is an important part of the Norwegian framework plan (curricu-
lum) (The Norwegian Directorate for Education and Training 2017) and highly valued by
Norwegian preschools, which spend much time outdoors during all seasons (Ulset et al.
2017; Ylvisaker et al. 2022). However, in MOVERS, outdoor space, environment, and
time are only included in some few indicators within the items construing the much
broader sub-scale, and the lack of associations for this sub-scale with MVPA might be
explained by other indicators. For example, a higher rating on the sub-scale requires
that the educators integrate curriculum content with PA. As such, unstructured free
play outdoors does not mean that a department achieve good or excellent quality on
this sub-scale since educators’ roles and actions are essential for the quality of the
outdoor time. Consistent with this point, Alhassan et al. (2013) found that structured
outdoor time increased children’s PA levels more than unstructured free play.
However, a study by Kallestad and @degaard (2013) showed that only 20% of children’s
activities in Norwegian preschools were planned and that the planned subject areas pri-
marily were art, culture, and creativity, and minimally involved PA. Kallestad and
Qdegaard (2013) also observed that educators mostly had a passive and observational
role with regard to children’s activities. Findings by Johannessen et al. (2020) indicate
that when educator-child interactions occur, these often hinder rather than facilitate
PA through restricting risky or rough and tumble play. Johannessen et al. (2020) inves-
tigated associations between the ECERS-R scale and children’s MVPA among 30 Norwe-
gian preschool departments and observed consistent negative associations for safety
practices and supervision of children in gross motor activities with outdoor time and
MVPA. Together, these findings suggest that with respect to promotion of PA in pre-
school, prevailing pedagogical practices and educator-child interactions should be
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focused toward deliberate engagement in and facilitation of movement play, rather than
observation and restriction of such activities to avoid potential hazards.

The final two sub-scales were only associated with MPA, where the sub-scale ‘Supporting
physical activity and critical thinking’ was positively associated and the sub-scale ‘Parents/
carers and staff’ was negatively associated. A possible explanation for these weaker associ-
ations is that these subscales are more distant to PA and SED as measured by accelerometry.
Regarding the weak association between MPA and critical thinking, spending time on move-
ment vocabulary, communication, curiosity, and problem-solving may as well detract from
time spent in higher intensity PA as well as increase it, but irrespective of this association
support children’s development. Hypothetically, if educators spend time on information to
parents when picking up their child, this might also detract from time educators are involved
in children’s movement activities. Such associations were not found by Zhang et al. (2021)
and need verification by future studies. In contrast to Zhang et al. (2021), we did not find
any associations with MVPA or VPA. Although we lack a good explanation for this
finding, it may suggest that educators should promote and deliberately engage in PA of
higher intensities with children.

Strengths and limitations

The main strengths of this study are the objective measurement of PA and SED and the
use of a preschool environment rating scale that provide a comprehensive measure of
both structure and process environmental quality relating to children’s movement
opportunities. Further strengths are the large sample of children and preschool depart-
ments included and the use of an analytic approach making it possible to analyze
associations of the whole MOVERS scale with PA and SED. Given the moderate to
strong associations between the different MOVERS items and sub-scales, using multi-
variate pattern analysis that can handle a high number of multicollinear explanatory
variables (Wold et al. 1984) provide a comprehensive description of the joint associ-
ation patterns.

Limitations of the study are the cross-sectional design, which precludes conclusions
regarding causality, and well-known limitations by accelerometry (Cain et al. 2013). The
accelerometer does not provide any information about the type of PA, and activities such
as cycling and activities involving upper-body movement are challenging to capture cor-
rectly. As mentioned above, methodological challenges relating to the choice of intensity
cut points or other accelerometer settings may have influenced the results. Furthermore, chil-
dren’s PA levels were assessed over 5 weekdays but vary over time (Aadland et al., 2020bb).
Although MOVERS has shown excellent test-retest reliability (Kazmierska-Kowalewska et al.
2021) some variability will also be expected in environment quality scores over time. For
several days of observation, some educators were on sick leave or were not present of
other reasons, which likely limited the educators’ capacity to initiate and facilitate PA, or
the use of temporary workers may have led to atypical practices being assessed. Since moni-
toring of PA and SED and observation of environmental quality was completed over a short
period of time but not necessarily the same days, such measurement error of MOVERS
scores and/or PA levels will attenuate associations and bias associations towards the null
hypothesis (Hutcheon, Chiolero, and Hanley 2010).
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Conclusion

This study has shown that educators have a unique opportunity to facilitate PA in the
preschool arena by, for example, engaging in physical active play, use observation and
assessments to provide better movement opportunities, use available resources to
promote PA, and arranging movement activities that include all preschoolers. The
present study also suggests that structure quality of the preschool environment such as
access to indoor and outdoor spaces, access to fixed and portable equipment that
promote PA, and planning for physical development indoors and outdoors are important
for preschooler’s movement opportunities. Development of pedagogical practices that
support a favorable movement environment may be achieved through education and
professional development and may be a sustainable long-term solution to promote
more PA of higher quality in preschools.
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Appendix

Supplemental Table 1. Bivariate correlations between MOVERS items and subscales

2 3 4 5 6 7 8 9 10 1" 12 13 14 15 16

1 Arranging environmental space 061 027 021 074 038 015 010 030 040 019 045 051 015 0.15 0.61
2 Providing resources and equipment 041 029 082 044 074 038 045 054 034 047 062 028 028 075
3 Gross motor skills 050 071 059 017 050 060 058 037 040 061 042 042 077
4 Body movement to support fine motor skills 066 026 016 036 036 032 005 012 025 017 017 052
5 Curriculum, environment, and resources (sub-scale) 056 0.21 0.44 0.57 062 032 050 0.68 0.34 034 0.9
6 Staff engaging in movement with children 016 040 076 058 034 042 061 033 033 0.75
7  Observation and assessment of children’s physical development 042 064 018 015 000 011 0.2 0.2 038
8 Planning for physical development 081 043 023 017 037 042 042 065
9  Pedagogy for physical development (sub-scale) 0.56 0.34 0.29 0.53 041 0.41 0.82
10 Supporting and extending children’s movement vocabulary 048 035 081 023 023 0.75
11 Encouraging sustained shared thinking 0.19 054 035 035 046
12 Supporting children’s curiosity and problem-solving 0.81 0.08 0.08 058
13 Supporting physical and critical thinking (sub-scale) 0.23 0.23 0.81
14 Staff inform families about children’s physical development 1.00 048
15 Parents/carers and staff (item 11) 0.48
16 Total score

All correlations > 0.25 are statistically significant at p < .05.
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