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Motivation

• Outdoor environment has specific features and stimulus,
which are beneficial to the children’s development.

• Diminishing outdoor play in children’s time allocation due to
more sedentary lifestyles.

• COVID 19 with social distancing restrictions and extended
lockdown time significantly has decreased children’s outdoor
time recently.



Motivation



Question

• How does outdoor time affect children’s school readiness?

• Is there any difference in time allocation between native-born
children and children with immigrant backgrounds?



Key findings

• Children with Asian backgrounds and other immigrant
backgrounds spend significantly less time outdoors than native
children.

• Children with immigrant backgrounds perform better than
native children in Who am I? (WAI) test, which requires more
fine motor skills

• Children with immigrant backgrounds score lower than native
children in Peabody Picture Vocabulary Test (PPVT), which
requires more language skills and vocabulary.

• Outdoor time reduces children’s WAI score but has no
significant impact on their PPVT score

• Less outdoor time gives immigrant children a headstart in
WAI and close the gap in PPVT, but it is not due to the
substitution of more productive indoor activities



Contribution

• Contribute to the literature of the relation between children’s
time allocation and their development.

• Tackle the measurement error issues from data collected using
time use diaries.
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Literature review

• Outdoor time has a positive impact on children’s
development:

• physical health (Dyment and Bell, 2008; Bento and Dias,
2017);

• mental health (Ginsburg et al., 2007; Kuo and Faber Taylor,
2004);

• cognitive and non-cognitive development (Ulset et al., 2017;
Yıldırım and Akamca, 2017; Wells, 2000; Ulset et al., 2017)

• Decline in parental outdoor time with children due to
• possible traffic hazards (Charles et al., 2008; Kellert, 2012;

Malone and Tranter, 2003);
• a decrease in backyard size and the transformation of open

grass spaces into formal entertainment areas (Elliott and
Davis, 2008);

• concerns about dirt and germs (Singer et al., 2009)



Literature gap

• Most studies on the relationship of children’s outdoor time
and their readiness for school are carried out in school or
childcare settings with a small sample size.

• Interventions are in form of outdoor education, so the benefits
of outdoor time might be overestimated.

• Lack of reliable assessment measuring children’s preparedness
for schooling.
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Longitudinal Study of Australian Children

• Longitudinal Study of Australian Children (LSAC):
biannual survey on over 10,000 Australian children starting
from 2004. Rich information on children’s characteristics,
parental characteristics and neighbourhood characteristics

• Time-use diaries (TUDs): record activities in 96 blocks of
15 minutes on one weekday and one weekend day assigned
randomly

• Measurement of school readiness:
• WAI - Who Am I: requires children to copy shapes, letters,

numbers, words and sentences.
• PPVT - Peabody Picture Vocabulary Test: requires children to

point to a picture that best represents the meaning of the
word read out by the interviewer.

• Weather data: daily rainfall from 2003 to 2019 provided by
the Australian Bureau of Meteorology (BOM). It is merged
with LSAC using postcodes.
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Identification strategy
• 2 stage model

• First stage:

OTit = α0 + β1Rit + αX ′
i + εit (1)

OTi : outdoor time measured in the number of 15-minute
blocks for child i .
Rit : the amount of rain recorded on day t for child i ‘
X ′: variables controlling for child i ’s characteristics, their
parental characteristics and neighbourhood characteristics

• Estimate amount of time spent outdoors daily by the
child i :
Estimate the average amount of time spent outdoors daily OTi

using model (1) and the input is average rainfall over 365 days
before the date of the diary

• Second stage:

Scorei = β0 + δ1ÔTi + βX ′ + εi (2)

Scorei : test score of child i (WAI and PPVT-III)
ÔTi : the estimated amount of daily time spent outdoors by
the child i .



Identification strategy

• Exploit the relation between precipitation and outdoor time to
estimate the daily outdoor time use

• Exogeneity: the amount of rain on a random day does not
seem to relate to children’s unobserved characteristics. It only
affects children’s development through their time allocation

• Classical measurement error
• The assigned day to complete TUD might not be a typical day.

The time spent outdoors is heavily affected by the weather
conditions.

• The effect of outdoor time on test score is biased towards zero.
• Use average rainfall in the previous year to estimate the

amount of daily time spent outdoors
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Impacts of the rainy weather on children’s outdoor time

• The rainy weather reduces the amount of outdoor time for
children of any ethnicity.

• Children with Asian backgrounds spend significantly less time
outdoors than native-born children

• The impact of the poor weather condition on children’s
outdoor time is largest for children with Asian background.



Impacts of the rainy weather on children’s outdoor time



Impacts of children’s outdoor time on their school readiness

• An increase in outdoor time has a negative impact on WAI
score but no significant impact on PPVT score

• Children with NESB backgrounds score lower in PPVT.
Children with immigrant backgrounds score higher in WAI



Impacts of children’s outdoor time on their school readiness

Note: Column (1) and (4) are naive OLS estimation. Column (2) and column (5) are IV estimations using the
amount of rainfall observed on the day a time-use diary as an instrument. Column (3) and column (6) present
estimations of daily outdoor time on the children’s test scores, where the daily outdoor time is predicted by the
average amount of rain in the year prior to the TUD assigned date. Standard errors are generated by bootstrap.



Impacts of children’s outdoor time on their school readiness

• Spending less time outdoors gives children with immgirant
backgrounds a headstart in WAI test and closes the gap in
language proficiency between them and native children.

• No evidence to show that the negative impact of outdoor time
is due to substitution of more productive indoor time, which is
suggested in the literature on the trade-off between
alternative time allocations (Fiorini and Keane, 2014).



Impacts of children’s outdoor time on their school readiness
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Conclusions
• Children from different ethnicities have different time

allocation. Asian children spend significantly less time
outdoors than children with other backgrounds.

• NESB immigrants perform more poorly in the PPVT, which
focuses on vocabulary and language skills, but immigrant
children tend to perform better than native children on WAI
test.

• Using precipitation to predict the amount of daily time spent
outdoors, we find that an increase in outdoor time has a
negative impact on WAI score but no significant impact on
PPVT score. The negative impact of outdoor time on WAI
score is not due to substitution of more productive indoor
time.

• Using weather condition as a prediction factor and the
average rainfall to estimate the children’s daily time spent
outdoors, our study tackle the measurement errors, which are
neglected in studies using data from TUDs.
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