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 Japan is putting much effort into the childcare’s crisis of a massive
demand for nursery teachers.

Daycare Capacity and Children Waiting List in Japan
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Graph from nippon.com based on Ministry of Health, Labor,
and Welfare report on daycare centers and related facilities
https://www.nippon.com/en/features/h00289/

 The number of children on the
waiting lists of nursery schools
is over 15,000 for 15 years.

 Among 18 most common job
categories, education was
found as in the top 6 job
categories that are highly
affected by overwork and
stress [1].

[1] Y. Takashi et al., “Overwork-related disorders in Japan: recent trends and development of a national policy to
promote preventive measures”. Industrial Health, vol. 55, no. 3, 2017, pp. 293-302



Goal: which factors influencing the exhaustion and stress of nursery
teachers in Japan?

Contribution:

 We collected the first dataset of exhaustion and stress measurements of
the nursery teachers using a survey-based approach and a real-time
approach with the help of professional devices.

 The result from the proposed regression model showed that:

 Teachers working on Thursday and Friday tend to get exhausted and stressed.

 While working on Friday is more exhaustive than on Thursday, working on
Thursday is more stressful than on Friday.

 While working on Saturday does not affect either the exhaustion or the stress,
working on Sunday is a factor affecting the stress but not the exhaustion,
although both Saturday and Sunday are weekend.

 People under 30 years old get stressed easier than the others.

This paper
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 We collaborated with Center of Early Childhood Development, Education,
and Policy Research (CEDEP).

 CEDEP contacted 36 nursery teachers working in 7 nursery schools in
different wards in Tokyo.

 All the teachers agreed to participate in our measurement and signed the
Privacy Policy agreement about their personal data.

 The data collected consists of:

Procedure (1/4)
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Paper survey-based:

 Demographics

 Working Days

Realtime-based:

(with the help of professional
tracking devices)

 Stress Measurement

 Exhaustion Measurement



 Demographics:

 Gender: male/female

 Age: within [15, 65] (the allowed working ages by the government), and is
categorized into 3 groups (under 30, 30 to 39, and over 39)

 Weight: unit in kilogram

 Height: unit in centimeter

Procedure (2/4)
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Collected data of gender, age, weight, and
height, respectively (top down, left to right)



 Working days:

 The data was measured in 2019.

 Since there were not enough
devices for all the participants,
the data of each participant was
collected in different periods.

 Each day is transformed to the
corresponding day of the week
(Monday to Sunday).

Procedure (3/4)
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Measurement period of working days



The teachers were required to wear the devices
during the working time only.

 Stress: Garmin smartwatches (Vivoactive 3):

 Measured the stress from 1 to 100 (1-25:
resting states, 26-50: low stress, 51-75:
medium stress, 76-100: high stress).

Procedure (4/4)
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Garmin Vivoactive 3 (left) and Omron Active
Style Pro HJA-750C (right) devices

 Determine the stress based on the heart-rate variability:

• Extracts the interval between each heartbeat.

• If the variable length of time in between each heartbeat is fast, it reflects the
autonomic nervous system of the user’s body.

• The lower the variability between beats, the higher the stress levels, whereas
an increase in variability indicates less stress.

 We can read the stress directly from the devices or logging in the accounts
from the API webpage of Garmin.

 Exhaustion: The devices measure:

 Total burned calories

 Basal Metabolic Rate (BMR): is the amount of energy per unit of time that a
person needs to keep the body functioning at rest.



Model defined:

Variables:

 : consist of gender, age, weight, and height.

 Gender: input values are normalized to binary (male: 1 and female: 0.

 Age: the input values are grouped into three features (i.e., 29, 30 to
39, and 40), and are normalized to binary for each feature.

 Weight: original input value

 Height: original input value

 : consist of seven days in a week (Monday to Sunday) extracted
from the measurement period.

• For each weekday, the variable is a binary (i.e., working on that day:
1 and vice versa: 0)

=> In total, there are 13 variables (11 binary and 2 continuous).

Methodology (1/3)
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Target Function:

 Exhaustion:

�




 : calories burned for each day of the weeks (Monday to Sunday),

calculated as the average of calories burned in all the working days.
Suppose that the measurement period is days � � . For each

: � for all

s.t. � .

 : body’s metabolism (typically constant for each person)

 Stress:

�

 : the stress for each day of the week, calculated as the average of
stress in all the working days: �)) for all

s.t. � .

Methodology (2/3)
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 Multiple linear regression:

� � � � �

 � � : variables

 � � : coefficients

 �: intercept (the constant which is the expected mean of y when all x’s are 0)

 To estimate and �, we use Ordinary Least Squares (OLS) which fits the
model to minimize the residual sum of squares between the observed targets
in the dataset and the targets predicted by the linear approximation:

� �
�

 Factor determination using t-test:

 : significant factors, marked as (***)

 : nearly-significant, marked as (**)

 : normal factor, marked as (*)

Methodology (3/3)
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 Cronbach’s Alpha (α) Measurement Test: to measure if the questions
that have multiple Likert-scale are reliable or consistent:

 Suppose has K components: � � �

 Cronbach :

�

���

∑ ���
��

���

��
� )

where �
� denotes the variance of the observed total test scores,

��
� denotes the variance of the component for the current sample.

 Explanation:

• : Excellent internal consistency (IC)

• : Good IC

• : Acceptable IC

• : Questionable IC

• : Poor IC

• : Unacceptable IC

Experiment (1/5)
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Cronbach’s α (cont.)

 In the collected data, only the feature
of working days contains sub-
questions, so we compute for it.



 Sum of item variances:

��
�

�

���

 Variance of total score:

�
�

 Thus:

=> Excellent IC

Experiment (2/5)
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 Noise Removel: 122 samples were extracted from 36 participants’
working days.

 For exhaustion: all the 122 samples were used.

 For stress: there are 9 samples with zero or untraceable stress and
were, thus, removed.

=> Remaining 122 − 9 = 113 samples were used for stress.

Experiement (3/5)
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 Distribution of features:

Experiement (4/5)
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Binary features

Continuous features

Weight

Height



Main results:

\

 Friday: significant factor (positive
coefficient) => teachers working on
Friday tend to get exhausted.

 Thursday: nearly-significant factor
(positive coefficient) => teachers working
on Thursday also tend to get exhausted,
but the effect is less than Friday

Experiement (5/5)
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Exhaustion Stress

 Age ≤ 29: normal factor (positive coef.) => 
teachers ≤ 29 y/o tend to get stressed

 Wednesday, Friday: normal factor (positive
coef.) => teachers working on Wednesday
and Sunday tend to get stressed

 Thursday, Friday: nearly-significant factor
(positive coefficient) => teachers working on
Thursday and Friday tend to get stressed
easier than Wednesday and Friday.



In this paper:
 Teachers working on Thursday and Friday tend to get both exhausted & stressed.

 Probably, it’s caused by the fact that Thursday and Friday are the latest two
days before the weekend holidays.

 Although working on Friday is more exhaustive than on Thursday, working on
Thursday is more stressful than on Friday.

 Teachers under 30 years old get stressed easier than the others.

 In our survey, the people under 30 years old are the youngest participants and
it’s reasonable because young people may not have good control on their
anxiety, emotion, and stress.

Future work:
 Examining the deeper reasons for these results.

 Collect other promising factors, i.e.,

 Schools (e.g., #male/female teachers/children, public/private, etc.)

 Teachers (e.g., experience (acquired skills), self-confidence, salary, full/part-
time, etc.).

 Increasing the dataset (the most challenging task because there are not many
nursery teachers and due to some difficulties in regulations related to privacy)

Conclusion
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