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ABSTRACT

Preschool educators may be important role models influencing children’s physical activity (PA) beha-
viours. The main aim of this paper was to examine the relationship between educators’ and children’s PA
and sedentary time (SED) by including 1230 children (mean age 4.8 yrs, 48% girls) and 422 educators
(mean age 42.4 yrs, 90% women) from 68 preschools in Western Norway. PA and SED were measured over
10 preschool days using hip worn ActiGraph GT3x+ accelerometers. Associations between child and
educator PA and SED during preschool hours, determined by multivariate pattern analyses, provided
explained variances (R%) = 2.8-5.2%. Levels of educator moderate PA were positively related to child PA
(all intensities) and educator vigorous PA were positively related to child vigorous PA, while educator
light PA was negatively associated with PA and positively associated with child SED. Educator SED were
positively associated with child vigorous PA and negatively associated to child SED. Association patterns
were similar for boys and girls, while educator moderate and vigorous PA were more strongly related to
the younger vs. the older children’s PA. The positive relationships between educators’ moderate and
vigorous PA and children’s PA found herein suggest educators’ PA behaviours should be addressed in
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Introduction

Sufficient levels of physical activity (PA), especially of moderate
and vigorous intensities (MVPA), in childhood are essential for
children’s physical, motor, cognitive, and psychosocial devel-
opment (Carson et al,, 2016, 2017; Cliff et al., 2016; Veldman
et al., 2021). The early years represent an important phase for
the establishment of favourable PA behaviours as such beha-
viours track over time (Aadland et al., 2022; Downing et al.,
2021; Jones et al., 2013). Despite the importance of the PA,
many pre-schoolers aged 3-5 years fail to meet the interna-
tional PA recommendations (Dias et al, 2019; Nilsen,
Anderssen, Ylvisaaker, et al., 2019; O’Brien et al., 2018) of mini-
mum 60-min MVPA per day (WHO, 2019). Identifying factors
associated with PA in early childhood is therefore of great
interest in developing effective PA promoting strategies.
Preschool environments and preschool educators have an
essential role in, and a unique opportunity to, facilitate chil-
dren’s exploration, play, learning, and holistic development.
The preschool environment is particularly pertinent in
Norway, given that 97% of all 3-5-year-olds spend most of
their waking time in this setting (Statistics Norway, 2021).
A previous investigation showed that 77% of Norwegian chil-
dren’s total MVPA on weekdays were undertaken in preschool
(Nilsen, Anderssen, Resaland, et al., 2019), which highlights the
importance of this arena for children’s opportunity to be phy-
sically active. However, there is a great variation in pre-

schoolers’ PA levels (Nilsen, Anderssen, Ylvisaaker, et al,
2019), and many children are physically inactive during pre-
school hours (Nilsen, Anderssen, Resaland, et al., 2019). Recent
studies report that children spend between 43% and 50% of
their time in preschool being sedentary (Ellis et al., 2017; Tonge
et al.,, 2020; Nilsen, Anderssen, Resaland, et al., 2019).

Both individual characteristics (e.g., age, sex, genetics and
previous PA levels) and environmental factors including both
physical, cultural, and psychosocial environments, are known to
influence children’s PA in preschool (Tonge et al., 2016). In
a qualitative investigation, Copeland et al. found the educators
to have a specific role in pre-schoolers’ opportunities to physi-
cally active play (Copeland et al., 2012). Given the influence
educators have on children’s behaviours in general (Sabol &
Pianta, 2012), it is reasonable to believe that their PA beha-
viours might be associated with children’s PA (Tonge et al,,
2021), and thus, be important correlates of pre-schoolers’ PA
levels. However, only three previous studies have investigated
associations between educators’ and children’s PA or sedentary
time (SED) during preschool hours using objective measures
(Chen et al., 2020; Fossdal et al., 2018; Tonge et al., 2021).

A Norwegian study by Fossdal et al. (n =72 educators; n=
289 children aged 4-6 years) found a significant positive asso-
ciation between educators' average MVPA levels and children’s
MVPA levels in preschool, meaning that higher MVPA among
the educators were associated with higher MVPA among
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children, but did not report on associations for other PA inten-
sities or SED (Fossdal et al., 2018). A Swedish study by Chen et
al. (2020) (n =84 educators; n=369 children aged 3-5 years)
found that preschool teachers’ light PA (LPA) and the number
of steps per day were positively associated with children’s LPA
and steps but found no associations for MVPA or SED (Chen et
al., 2020). An Australian study by Tonge et al. (=110 educa-
tors; n =490 children aged 2-5 years) found a positive associa-
tion between educators’ and children’s SED, but no
associations to other PA intensities (Tonge et al.,, 2021). Given
these studies’ conflicting findings, somewhat different metho-
dology, the diversity in preschool settings, and relatively small
study samples, more research is needed to determine associa-
tions between educators’ and children’s PA and SED in pre-
school. Moreover, to the best of our knowledge, no previous
studies have investigated associations between specific char-
acteristics among educators’ and children’s PA behaviours in
preschool. For example, male educators are generally described
as more motivated for physically active play and for spending
time outdoors with the children as compared to female educa-
tors (Harris & Barnes, 2009; Sandberg & Pramling-Samuelsson,
2005), which correspond with results showing that male edu-
cators are more physically active than female educators (26 vs.
15 min of MVPA/day during preschool hours, respectively)
(Lagestad & Kippe, 2021). However, the influence of differences
in gender-related educator behaviour on child PA remains
unclear.

Additional characteristics that might impact on educators’
PA participation at work and, possibly, on children’s PA beha-
viours in pre-school could be related to their health and quali-
fications. For example, given the inverse association between
PA and weight status in adult populations (Bradbury et al.,
2017), educators’ body mass index (BMI) might be negatively
associated with both their own PA levels as well as the chil-
dren’s PA, although this has not yet been investigated.
Moreover, as promotion of PA requires expertise on child
development and how PA is relevant for learning and health,
the educational level and qualifications of educators might be
highly relevant, although according to a systematic review by
Tonge et al., evidence on associations between educator qua-
lifications and children’s PA remains inconclusive (Tonge et al.,
2016).

Based on the above, the primary aim of this study was to
examine the relationship between educators’ and children’s PA
and SED in preschool. The secondary aim was to investigate the
relationship between educators’ characteristics and pre-
schoolers’ PA and SED.

Methods

The Sogn of Fjordane Preschool Physical Activity Study
(PRESPAS) is a large population-based cross-sectional study
conducted in the rural region of Sogn og Fjordane in
Western Norway across one preschool year between
September 2015 and June 2016 (Nilsen, Anderssen,
Ylvisaaker, et al., 2019). All preschools with six or more
children aged 3-6years (i.e., born in 2010-2012) within 14
strategically selected municipalities were invited. In total, 68
preschools (92% of invited), and 1308 children (68% of
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invited) were included in the study. Additionally, we invited
all preschool educators at the relevant departments (i.e.,
working with the included children) to participate in the
study (N=580), of which 453 accepted and participated in
the study (80% of invited). For further recruitment details,
see Nilsen et al. (Nilsen, Anderssen, Ylvisaaker, et al., 2019). It
should be noted that the study sample and results may not
be representative for preschools in general.

All educators and parents of included children provided
written consent prior to testing. Children were provided with
an explanation of the measurements according to their level of
understanding and all testing took place in safe and familiar
environments. The Norwegian Centre for Research Data (NSD)
approved the study (reference number: 39061).

Procedures
Physical activity

PA was measured using ActiGraph GT3x+ accelerometers
(ActiGraph, LLC, Pensacola, Florida, USA) (John & Freedson,
2012). The participants (educators and preschool children)
were asked to wear the accelerometer in an elastic belt on
their right hip for 14 consecutive days (10 preschool days).
Participants were instructed to always wear the monitor,
while awake (including naptime), except during water-based
activities. Accelerometers were initialised to collect data at 30
Hz and were processed using 1- (children) and 10 s (adults)
epoch data from the vertical axis using KineSoft version 3.3.80
(Loughborough, UK). Non-wear times were defined as periods
of 220 min of zero counts for children (Esliger et al., 2005) and >
60 min of zero counts with 2 min interruption allowance for
adults (Troiano et al., 2008). A wear time of =270 min during
hours 08:30-15:30 was used to define a valid preschool day
(Nilsen, Anderssen, Resaland, et al, 2019). We required
a minimum of 3 valid preschool days for inclusion in analyses.
We used counts per minute (cpm) as a measure of overall PA.
For children, we defined PA intensities as proposed by Evenson
et al.. SED<100, LPA: 100-2295, MPA: 2296-4011, and VPA >
4012 (Evenson et al., 2008). For adults, the cut points suggested
by Troiano et al. were applied: SED <100, LPA: 100-2019, MPA:
2020-5998, and VPA: =5999 cpm (Troiano et al., 2008).

The daily averaged PA and SED data (06:00-23:59) were
included for descriptive purposes using wear time criteria of
480 and 600 min per day for children and educators (Hansen
et al,, 2019; Nilsen, Anderssen, Ylvisaaker, et al., 2019), respec-
tively, and a minimum of 3 valid weekdays and 1 valid
weekend day for inclusion. To enable comparison with national
representative data in adults (Hansen et al., 2019), educators’
PA data were additionally analysed using 60-s epochs.
Adherence to PA recommendations for children were deter-
mined by accumulating an average of 260 min of MVPA per day
(WHO, 2019). Adherence to PA recommendations in the adult
sample were determined by accumulating a daily average =
21.4min MVPA/day and/or=10.7 min VPA/day, corresponding
to a weekly amount of at least 150 and/or 75 min of MVPA and
VPA, respectively (WHO, 2020). For analyses of associations
between educators’ and children’s’ PA and SED, educator PA/
SED was aggregated at the preschool level by calculating the
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means of the respective outcomes of all educators in each
preschool.

Anthropometry, outdoor time, and demographics

Children’s and educators’ body weight and height were mea-
sured at preschool by trained personnel. Participants wore light
clothing and no shoes. Body weight was measured to be near-
est 0.1 kg using an electronic scale (Seca 899, SECA GmbH,
Hamburg, Germany). Height was measured to the nearest 0.1
cm using a portable stadiometer (Seca 217, SECA GmbH,
Hamburg, Germany). We calculated BMI as body weight (kg)/
height (m?) and children (Cole et al., 2000) and educators
(Flegal et al., 2012) were classified as normal weight (including
underweight), overweight, or obese according to established
WHO thresholds.

We used the highest education level of a child’s mother or
father as a proxy for socioeconomic status (SES) derived from
parent-report (upper secondary school or less, university < 4
years, or university > 4years). Preschool educators’ age, sex,
position in preschool, general educational level (upper second-
ary school or less, university < 4 years, or university > 4 years),
and PA-related education (yes/no) were assessed by question-
naire, and participants’ age at the time of PA measurement
were calculated. Educator work positions in preschool were
categorised as either director, preschool teacher, assistant, or
“other positions” (e.g., health care workers, skilled workers (with
different educational backgrounds), children and youth work-
ers, and special educators). Children’s outdoor time during the
preschool day were logged by educators throughout the accel-
erometer monitoring period and were reported for descriptive
purposes.

Statistical analysis

Descriptive data are presented as frequencies, medians, means
and standard deviations (SD), and 95% confidence intervals (Cl)
as appropriate. Attrition analyses between included and
excluded participants were performed using linear mixed mod-
els for continuous variables and general estimation equations
for categorical variables taking clustering within preschools
into account.

We applied a linear mixed model including random inter-
cepts for preschools to explore associations between educator
PA and educator characteristics (individual data) and between
child PA (individual data) and educator characteristics (aggre-
gated data). We included child accelerometer wear time, sex,
age, and BMI as covariates, and the same for educators when
analysing their individual data.

We analysed associations between PA and SED of children
(individual data, each variable used as outcomes in separate
models) and educators (aggregated data, all variables included
as explanatory variables in joint regression models) using multi-
variate pattern analysis (Partial least-squares regression analy-
sis, PLS) (Aadland et al., 2018, 2019; Kvalheim & Karstang, 1989;
Wold et al., 1984). The PLS regression can handle completely
collinear variables through decomposing the explanatory vari-
ables into orthogonal linear combinations (PLS components),
while simultaneously maximising the covariance with the

outcome variable (Wold et al., 1984). The models were cross
validated using Monte Carlo resampling (Kvalheim et al., 2018)
with 1000 repetitions by repeatedly and randomly keeping 50%
of the subjects as an external validation set. For each model, we
used target projection (Kvalheim & Karstang, 1989; Rajalahti &
Kvalheim, 2011) and reported multivariate correlation coeffi-
cients with 99% Cls to show the importance of each explana-
tory PA intensity variable (educator PA and SED) in relation to
the outcome (child PA and SED) (Aadland et al., 2019; Rajalahti,
Arneberg, Berven, et al., 2009; Rajalahti, Arneberg, Kroksveen,
et al,, 2009). For adjustment of child PA/SED estimates, we
obtained residuals from linear regression models including
the PA/SED variables as outcomes (separate models) and accel-
erometer wear time, sex, age, and BMI as explanatory variables
prior to performing the PLS analyses. We analysed the data for
the total sample of children in addition to secondary analyses
for boys and girls, and for the 50% youngest and 50% oldest
children (median split for age), in separate models.

The PLS analyses were performed using Sirius version 11.5
(Pattern Recognition Systems AS, Bergen, Norway), all other
analyses were performed using IBM SPSS v. 28 (IBM SPSS
Statistics for Windows, Armonk, NY; IBM Corp., USA).
Associations were interpreted as statistically significant for
p values < 0.05 for results derived from linear mixed models
and p < 0.01 for results from multivariate pattern analyses (i.e.,
we used a conservative approach as we could not take cluster-
ing among preschools into account in these analyses).

Results

A total of 1230 children (94% of included; 48% girls, average
age 4.7 (0.9) years) and 422 educators (93% of included; 90%
female, average age 42.4 (11.4) years) provided valid PA data
and were included in the analyses (i.e., those who did not, were
excluded). Most children were born in Norway (95%) and had
a normal weight status (82%) (Table 1). Attrition analyses
showed that PA and SED (p=0.178-0.626), BMI (p =0.959),
sex (p =0.069), age (p =0.238), or general educational level (p
=0.063) did not differ between included and excluded educa-
tors. However, included educators reported having PA-specific
education more frequently than excluded educators (p=
0.009). There was no difference between included and
excluded children with respect to MPA, VPA, BMI, sex, or par-
ental education level, but included children were older and had
more SED and less LPA than excluded children (p=0.001-
0.034).

The children and educators had a median of 9 and 10 pre-
school days of valid PA data, respectively (Table 2). Children
and educators spent 66% and 62% of the preschool day being
sedentary, 22% and 33% of the day in LPA, 6% and 5% of
the day in MPA, and 6% and 0.2% in VPA, respectively. In
total, 72% of the children and 68-92% of the educators
(depending on the epoch setting applied) achieved the guide-
line amounts of PA per day (Table 2).

Figure 1 illustrates the multivariate correlations between
aggregated educator PA and SED (explanatory variables) and
individual child PA and SED (outcomes) for the whole sample.
We observed that educator SEDs were positively related to
child VPA and negatively related to child SED, whereas
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Table 1. Child and educator characteristics and demographics.

N Children N Educators

Sex (% female) 1308 483 453 90.1
Age (years (SD)) 1308 4.7 (0.9) 453 42 (11)
Body mass index (kg/m?) 1249 16.2 (1.4) 410 26.2 (4.4)
Weight status* (%) 1249 410

Normal 1023 82 186 45

Overweight 196 16 156 38

Obese 30 2 68 17
Parental/educator education level ** (%) 1087 422

Upper secondary school or less 248 23 176 42

University < 4 years 282 26 150 35

University > 4 years 557 51 96 23
Outdoor time (hours/day (SD)) 1238 2.8 (0.8) - -
Physical activity related education (%"yes”) - - 414 20
Educator position (%) - - 424

Director - - 60 14

Preschool teacher - - 154 36

Assistant - - 175 41

Other*** - - 35 9

Note: Results are presented as means and standard deviations (SD) and percentages. *Weight status: according to Cole et al.
2000 for children and according to Flegal et al., 2012 for adults; **For parental education level, the highest level of mother
or father is used; ***Other positions, e.g., health care workers, skilled workers (with different educational backgrounds),

children-and youth workers, and special educators.

Table 2. Physical activity estimates for children and educators (all positions).
Children Educators
1 sec epoch 10 sec epochs 60 sec epochs
Total day (all days) n=1153 n= 385
Wear time (min/day) 700 (50) 842 (51) 877 (49)
Total PA (cpm) 721 (195) 393 (120) 369 (119)
SED (min/day) 485 (42) 555 (53) 485 (63)
LPA (min/day) 142 (20) 239 (45) 358 (57)
MPA (min/day) 36 (7) 44 (19) 31 (18)
VPA (min/day) 35(11) 2.8 (5.7) 2.3 (5.5)
MVPA (min/day) 71 (17) 47 (22) 33 (20)
Achievement of WHO guidelines* (%) 72 92 68
Preschool hours (weekdays) n=1230 n=422
Mean wear time preschool hours (min/preschool day) 408 (13) 404 (16) 409 (13)
Total PA (cpm) 804 (249) 407 (133) 383 (128)
SED (min/preschool day) 269 (22) 248 (33) 195 (42)
LPA (min/preschool day) 92 (14) 135 (32) 202 (40)
MPA (min/preschool day) 24 (5) 21 (10) 12 (9)
VPA (min/preschool day) 23 (8) 0.7 (1.8) 0.4 (1.7)
MVPA (min/preschool day) 47 (13) 22 (11) 12 (9)

Note: Results are reported as means and standard deviations, except for achievement of WHO guidelines (%). Total day: mean between

06:00-22:00 hours including weekdays and weekends; Preschool

hours: Minutes per day between hours of 08:30 and 15:30 on

weekdays. *WHO Guidelines for children: > 60 min moderate-to-vigorous intensity physical activity per day; adults: > 150 minutes of
moderate-intensity physical activity and/or > 75 minutes of vigorous intensity physical activity throughout the week (WHO, 2020).
Note: TPA — total physical activity; SED — sedentary time; LPA - light-intensity physical activity; MPA — moderate-intensity physical
activity; VPA — vigorous-intensity physical activity; MVPA — moderate- to vigorous-intensity physical activity.

associations for other PA intensities of children were non-
significant. Educator LPA was negatively related to child PA
(all intensities), and positively related to child SED, while edu-
cator MPA was positively related to child PA (all intensities) and
negatively related to child SED. Educator VPA was positively
related to child VPA but not related to other PA intensities or
SED. Overall, the correlations were weak (r<0.22), and the
explained variances (R?) ranged from 2.8% (for child MPA) to
5.2% (for child SED) between models.

Supplementary Figures S1 and S2 show child sex- and age-
specific multivariate correlations between educator and child
PA and SED. Overall, the association patterns were similar for
boys and girls, although associations were marginally stronger
in boys than in girls (R>=5.3-7.6% vs. 3.0-4.6% in boys and
girls, respectively) (Figure S1). For younger and older children
(median split by age), the association patterns differed for

educator SED and LPA; While educator SED and LPA were not
related to the younger children’s PA or SED, educator SED was
positively related to VPA, MPA, and LPA, and negatively related
to SED in the older children, and educator LPA was negatively
related to VPA, MPA, and LPA, and positively related to SED in
the older children. For educator MPA and VPA, association
patterns were similar between for both age groups. The edu-
cator PA and SED explained relatively more of the older vs.
younger children’s LPA (R?=3.2 vs. 6.1%) and SED (R* =4.9 vs.
6.2%) (Figure S2).

Supplementary Table S1 provides estimates for associations
between educator PA and SED and educator characteristics
(individual data). Male educators had higher MPA levels than
their female colleagues. SED decreased and PA increased with
older age, and educators with higher BMIs had lower VPA
levels. Moreover, SED increased, and PA decreased by higher
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Figure 1. The association patterns between aggregated educator physical activity intensities and sedentary time (explanatory variables) and individual child physical
activity and sedentary time (outcomes) for the whole study sample. Results are reported as multivariate correlation coefficients from joint models including all four
physical activity intensities for educators and each of the outcomes (both derived from vertical axis). The correlation coefficients can be interpreted equivalent to
bivariate correlations, though they are derived from the full multivariate model.

Table 3. Associations (linear-mixed model) between children’s sedentary time and physical activity during preschool hours (dependent variables) and educator
characteristics (independent variables).

Child sedentary time and physical activity (min/day)

SED LPA MPA VPA

Educator characteristics B () p B () p B () p B () p

Sex -0.2 0.050 0.1 0.051 0.03 0.113 0.03 0.297
Per percent increase in male educators (-0.3 to (-6.7 t0 0.2) (-0.01 to 0.1) (-0.03 to 0.1)

-0.004)
Age (years) 0.3 0.124 -0.2 0.068 —-0.04 0.331 0.07 0.385
(=0.1 to0 0.8) (—0.5 to 0.02) (—0.1 to 0.04) (0.2 to 0.1)
Body mass index (kg/mz) 13 0.019 -0.9 0.010 -0.3 0.006 -0.2 0.306
(0.2 to 2.4) (-1.6 to (-0.5 to (0.6 to 0.2)
-0.2) -0.1)

Educational level 0.1 0.294 -0.1 0.170 —0.01 0.532 0.01 0.641
Per percent increase in staff that have > 1 year of university (=0.1 t0 0.2) (-0.1 to 0.02) (-0.03 to (—0.05 to
education 0.02) 0.03)

PA specific education 0.004 0.957 —-0.02 0.616 —0.005 0.734 0.02 0.344
Per percent increase in staff that have PA related education (=0.1 to 0.1) (-0.1t0 0.1) (-0.03 to (-0.03 to

0.02) 0.07)

Preschool teachers -0.04 0.557 0.03 0.462 0.0001 0.997 0.02 0.634

Per percent increase in staff with preschool teacher education (—0.2 to 0.09) (=0.05 to 0.1) (-0.03 to (—0.04 to
0.03) 0.06)

Assistants 0.02 0.737 —0.04 0.337 0.01 0.676 0.01 0.622

Per percent increase in staff classified as assistants (=0.1 to 0.1) (—0.1 to 0.04) (-0.02 to (-0.03 to
0.03) 0.05)

Note: Educator characteristics are analysed as means per preschool and child physical activity (light; LPA, moderate-to vigorous: MVPA) and sedentary time (SED) as
individual data. Educator age and body mass index (BMI) were used as continuous variables, other variables as means of dichotomous variables reported in percentage
range with values from 0 to 1; Sex: male =1; female = 0; Educational level: no university education = 0, university > 1 year = 1; PA specific education analysed as “no” = 0 or
“yes” = 1; Preschool teacher analysed as either other positions = 0 or preschool teacher = 1; Assistant analysed as either other positions = 0 or assistant = 1. Analyses are
adjusted for child sex, age, BMI, accelerometer wear time and preschool cluster (random effect).



educational level. Employees with leader positions (directors)
and pedagogical competence had lower PA levels at work, and
educators who reported to have PA-specific education had
higher VPA levels compared to those who did not (Table S1).

Associations between educator characteristics and child PA
and SED (Table 3) showed that children from preschools with
a higher proportion of male educators had less SED than pre-
schools with more female educators. Moreover, children
attending preschools where educators had higher mean BMI
levels engaged in less LPA and MPA, and more SED, than those
attending preschools with educators with lower BMI. There
were no significant associations between child SED or PA and
the proportion of preschool teachers or assistants, or educators’
general- or PA specific education (Table 3).

Discussion

Previous research has addressed levels of PA and correlates of
PA in pre-schoolers, but the PA behaviours and characteristics
of educators and the associations between children’ and edu-
cators’ PA, are rarely investigated. Our main finding from this
study is that educator and child PA during preschool hours are
related. Although causal interference cannot be drawn for
cross-sectional designs, it is reasonable to suggest that target-
ing and increasing educators’ PA of at least moderate intensity
may favourably influence on children’s PA levels.

The multivariate correlations presented in this study showed
that more MPA and VPA among educators were related to
higher levels of PA in children. This finding is consistent with
the results of the other Norwegian study, by Fossdal et al., but
in contrast to those of Chen et al. and Tonge et al.,, who
reported negative and non-associations, respectively (Chen
et al.,, 2020; Fossdal et al., 2018; Tonge et al., 2021). As outdoor
time is strongly associated with more MVPA in children
(Tandon et al., 2018; Truelove et al., 2018; Ylvisdker et al.,
2021), and because the children in our sample spent almost 3
hours a day outdoors, the conflicting findings among studies
could be an expression of cultural differences in preschool
practices.

Surprisingly, we found that increased adult LPA was asso-
ciated with lower PA and higher SED in the children, which
contrasts the findings of Chen et al., who reported positive
associations between educator and child LPA (Chen et al,,
2020) and Tonge et al., who reported on positive associations
between educator and child SED (Tonge et al., 2021). We may
only speculate that educators who facilitate much sedentary
table activities or indoor activities for the children have higher
levels of LPA due to organising of these activities. Moreover,
despite both the indoor and outdoor preschool environments
being important for children’s exploration, learning, and devel-
opment, educator’s perceived role tends to differ between
these environments (Tonge et al., 2021). For example, studies
have shown that educators subconsciously transition from an
engaged “educator” to a more passive “supervisor” as they
move outdoors (Leggett & Newman, 2017). This change in
perceived educator-role might result in educators standing
relatively still close to where children play, scanning the out-
door space to avoid and eliminate risky situations, possibly
restricting the children’s engagement in risky and vigorous
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play. A study by Johannessen et al., on associations between
child PA and preschool quality, showed that preschools who
scored high on “supervision of gross motor activities” and
“general supervision of children” had lower MVPA levels
among the children (Johannessen et al., 2020), which could
explain how increased adult LPA (i.e., increased supervision)
can be negatively associated with PA and positively associated
with SED in the children. At the same time, we hypothesise that
educators who engage in MPA to a large extent do so with the
children, contrary to the time they spend in LPA and SED, as
such behaviours may also be related to administrative and
routine tasks. As such, the associations between educator
MPA (and VPA) and child PA might be the most relevant ones.
Unfortunately, we do not have any data on educators’ specific
behaviours to provide an in-depth account of these
relationships.

The discrepancies between studies regarding associations
between educators’ and children’s PA in preschool may be
explained by application of different approaches to classify PA
intensity (both in children and educators), accelerometer epoch
settings, differences in sample sizes, the analytical approach
applied, and variation in sample characteristics and educational
practices regarding, for example, amounts of outdoor time and
culture for educator involvement in PA. Importantly, the other
comparable studies did only investigate the same PA intensities
and SED in educators and children against each other and did
not investigate how the spectrum of intensities in educators
were associated with children’s PA and SED, like in the present
study.

The present study is the first to analyse sex- and age-specific
associations between educator’s and children’s PA. In the sub-
group analyses, we found only marginal differences in associa-
tion patterns between boys and girls, however, the patterns
differed somewhat across the two age groups. Overall, educa-
tor SED and LPA seem unrelated and MPA and VPA more
strongly related to the younger vs. the older children’s PA.
This might imply that the younger children possibly depend
more on facilitation for higher intensities than the older chil-
dren (who play more vigorously independently, e.g., when out-
doors), but that the older pre-schoolers might be more affected
(or restricted) by educator behaviours in terms of LPA and SED.
If so, the importance of role model behaviour in influencing
child behaviour may be changing somewhat by the children’s
age and developmental stage, but experimental research is
needed to confirm this.

The secondary aim of this paper was to investigate associa-
tions between educator characteristics children’s PA and SED.
We found that male educators were more physically active at
work than female educators (+5.7 min/day in MVPA), which
corresponds well with findings from a previously Norwegian
investigation (Lagestad & Kippe, 2021) and in general with
research in adult populations (Sallis et al., 2016). This finding
indicates that male educators might have other priorities
regarding PA participation when at work (Harris & Barnes,
2009; Sandberg & Pramling-Samuelsson, 2005). Importantly,
we found that children who attended preschools with
a higher share of male educators tended to be less sedentary,
although no significant associations were present for intensity-
specific PA. Because of the small proportion of men, it is a goal
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both nationally and internationally to recruit more men to
preschool positions to ensure sufficient male role models
(Clarke & Miho, 2019).

Despite weak associations, we found that educators with
higher BMI had lower VPA levels, a tendency that children
attending preschools with high average BMI among educators
had slightly lower LPA and MPA levels, and more SED. The
association between PA and weight status among adults is
consistent with the prevailing evidence (Bradbury et al., 2017),
but it is interesting to observe that it might further impact on
PA facilitation for the children. This highlights the importance
of healthy weight among educators, not only for their own
health but for children to have physically active and engaged
role models providing opportunities for physical exploration.

The fact that SED increased, and PA decreased, by higher
educational level and differed by work position among educa-
tors is reasonable because educated preschool teachers and
directors have more administrative tasks and meetings than,
e.g., assistants. In Norway, 41% of the core staff are qualified
preschool teachers or hold equivalent qualifications (The
Norwegian Directorate for Education and Training, 2022a),
which correspond well with the distribution in the present
study sample. The age-trend showing higher PA levels by
increased age among educators can probably be explained by
the higher proportion of assistants among older employees
than among younger employees. All the preschool teachers
(36% of educator sample) have had PA-specific curriculum in
their basic education, but even though those who reported to
have such qualifications tended to be more vigorously active at
work, their expertise in PA was not associated with children’s
PA levels. As stated in the systematic review by Tonge et al.,
evidence on associations between educator qualifications and
children’s PA remains inconclusive (Tonge et al,, 2016); thus,
this issue needs to be further addressed.

Strengths and limitations

This study is one of the few to investigate the relationship
between educator’s and children’s PA and SED in preschool.
The objective measurement of PA and including 10 preschool
days, as compared to a commonly applied 5-7-day monitoring
protocol, is a strength of this study, providing solid PA esti-
mates for both children and educators. Moreover, we included
large samples of children and educators that provided
improved power compared to previous studies (Chen et al.,
2020; Fossdal et al., 2018; Tonge et al., 2021). The use of multi-
variate pattern analysis is another strength, allowing for com-
bining all highly correlated PA variables in a joint regression
model (Aadland et al.,, 2018, 2019; Kvalheim & Karstang, 1989;
Wold et al., 1984). However, some limitations should be
acknowledged. The multivariate correlations found herein
were rather weak, and the explained variance small across
models; thus, the possibility of chance findings is present
when running multiple analyses. Also, the nature of the rela-
tionships between educators’ and children’s PA and SED may
have been diluted given that the educator data were aggre-
gated within each preschool, i.e., we do not know which edu-
cators spent time with which children at what time. Moreover,
although possible variation in PA by season should not affect

the associations between children and educator PA across sea-
sons (data collected throughout one preschool year), this
aspect should be kept in mind when comparing study results.
Future observational studies should aim to obtain more
detailed information on interactions between educators and
children in such analyses. Moreover, the study was conducted
in a rural area in Western Norway, therefore the study sample
and results may not be representative for Norwegian pre-
schools in general. Nevertheless, it should be noted that the
distribution of sex, age, and qualifications of the educators
involved are representative to national levels (The Norwegian
Directorate for Education and Training, 2022a, 2022b). Finally,
as the study has a cross-sectional design, causality could not be
inferred. However, we find it reasonable to believe that educa-
tors influence children’s PA behaviours to a larger extent than
children influence educators’ PA behaviours.

Perspectives

Although most children and educators in our sample achieved
the guideline amounts of PA per day, they also spent most of
their day being sedentary. Moreover, children and educators
spend less than 12 and 6% of the preschool day in MVPA,
respectively, meaning there’s a great potential to increase
MVPA in both children and educators. Preschool-based inter-
ventions targeting children’s PA and SED have been reported,
although so far, most lack effectiveness (Finch et al., 2016).
Copeland et al. suggests that to increase children’s PA in pre-
school settings one must target and support the key decision-
makers (i.e., the educators) in how to engage in physically
active play with the children (Copeland et al., 2012). However,
little focus has been laid on the efficacy of modifying educators’
PA behaviours.

The non-existing relationship between the degree of PA-
specific education and levels of PA among the children found
herein might indicate that theory is not put into practice, that
the content of PA specific education focus more on learning of
motor skills rather than intensity, or that the assistants engage
in relatively more MVPA (for example, through more outdoor
time) because of less administrative tasks and more time with
the children throughout the day. It should be mentioned that
a part of the educator’s profession is that they should offer
children learning environments that attract children to be phy-
sically active, which is not always the question of the educators
own PA behaviour. Nevertheless, this is a paradox that needs
further clarification. As the present study showed tendencies to
lower PA levels among educated preschool teachers when
compared to assistants, future intervention studies should con-
sider professional development focusing on the role and beha-
viours of educators in promotion of PA at preschool.

Conclusion

The preschool environment is significant in promoting PA in
young children. Given the important influence of educator role
modelling for children’s behaviours, a critical social factor influ-
encing children’s MVPA may be the PA levels of educators.
Although causal interference cannot be drawn for cross-
sectional studies, the positive and favourable relationship



between educators’ MPA and VPA and children’s PA found
herein, makes an important contribution to the field’s under-
standing of the correlates of children’s PA in preschool, and
provides evidence for focusing on educators’ PA behaviours
and role in facilitation of PA in future interventions.
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