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ABSTRACT
Four saliva probes were collected per day from 104 children (10 to 35months old) transi-
tioning from home (T0) to childcare across a four-month period (until T3), resulting in over
one thousand cortisol values. Latent Profile Analysis classified three profiles within a regular
spectrum of children’s cortisol rhythms and described a fourth hypocortisol stress profile.
Further Latent Transition Analysis revealed that profiles frequently changed across the tran-
sition but stabilized at T3. Most importantly, regular profiles across transition most likely
occurred with high AQS scores of mother-child and care provider–child attachment. A
machine learning procedure (XGBoost) featured predictors for stress profiles at T3 (when
the child ought to be adjusted and stress profiles should be rare) referring to characteristics
of the children (e.g., gender, number of siblings, peer contact before entry), the mothers
(their worries), the care providers (their work experience, engagement, attachment) and the
groups in the childcare centers (e.g., size, age differences, illness frequency). As a result,
experience with siblings and peers before entry facilitated the transition. However, most
conditions not linearly affecting children’s cortisol revealed even opposite effects when ana-
lyzed at different times. For example, smaller group size and large age-differences at T1
helped the child to stabilize a Regular profile, perhaps due to better control over the situ-
ation and greater support from the older children in the group. At T3, however, Regular pro-
files were associated with larger group size and smaller age-differences which might be
helpful for establishing close peer relationships to buffer stress.

Several decades of comprehensive research on children
being cared for at home and in public childcare, whether
the facilities were run by government, church, companies
or private organizations, has demonstrated how children
benefit from the enriching experiences based on the Early
Childhood Education and Care (ECEC) arrangements
(see metanalysis by van Huizen & Plantenga, 2018).
However, researchers have also questioned whether these
facilities, which are predominantly organized in childcare
centers (Lamb & Ahnert, 2006), are appropriate for chil-
dren under three. They have been particularly concerned
that the transition to center-based childcare and experien-
ces of group life create stress that might adversely affect
child well-being (Ahnert et al., 2004; Datler et al., 2012;
Fein et al., 1993; Klein et al., 2010; Nystad et al., 2021;
Rauh et al., 2000).

Transition to childcare

Childcare researchers forced investigations on young
children’s health status and psychobiological

functioning during the rapidly expanding center-based
childcare systems in Eastern Europe in the 1970s. A
mega study on more than 6.000 children from
Russian, Bulgarian, Czechoslovakian, and East
German childcare centers revealed severe sleep disrup-
tions, digestive problems and infectious diseases asso-
ciated with childcare entry. Consequently, parental
leave policy was expanded and changes in the entry
practice were introduced, which allowed a parent to
accompany the child at entry (see Schmidt-Kolmer
et al., 1979). Later studies in Austria (Datler et al.,
2012; Ereky-Stevens et al., 2018), Germany (Ahnert
et al., 2004; Rauh et al., 2000), Italy (Fein et al., 1993),
Israel (Klein et al., 2010) and Norway (Nystad et al.,
2021) explored children’s behavioral adjustment dur-
ing the transition in more detail. For example, Rauh
and her colleagues (Rauh et al., 2000) explored child-
ren’s levels of irritability and negative mood post
entry in the context of an abrupt vs. prolonged enroll-
ment with mothers’ accompaniment. The study clearly
demonstrated that a prolonged enrollment made the
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transition easier than an abrupt entry, which amplified
children’s negative emotions. Ahnert et al. (2004) used
three cortisol measures in the morning to track stress
responses when toddlers were dropped off at childcare
centers. They reported that the effect of mothers’
accompaniment was dependent on the quality of
mother-child attachment, provided securely attached
toddlers had markedly lower cortisol levels than their
insecure counterparts. This clearly suggested that
trusting relationships buffer the stress of childcare
entry. When the daily mother-child separations began,
however, cortisol levels were elevated in all toddlers.
Fein and her colleagues (Fein et al., 1993) reported
that levels of negative affect and immobilization per-
sisted six months post entry, even though the care
providers attended to the unhappy children the most.
Klein et al. (2010) observed that toddlers who cried
more following separation received more attention
and care providers’ distracting responses, whereas
those who cried less received more empathic
responses. Overall, this suggests that care providers
have limited capacities to reduce children’s stress, in
particular when children’s behaviors considerably
change over time (Datler et al., 2012). The present
study therefore asked how challenging the entire tran-
sition from home to childcare for the stress response
system in young children is in general, and whether
care providers are able to effectively support children
to cope with the stress.

Stress in young children

Advances in noninvasive measurement techniques,
such as the development of salivary assays, have facili-
tated analyses of cortisol in child stress research (e.g.,
Gunnar et al., 2009). Cortisol is the primary hormonal
product of the Hypothalamic-Pituitary-Adrenocortical
(HPA) axis, which is central to children’s stress
response system. The HPA axis releases cortisol
according to a circadian rhythm, i.e., cortisol reaches
the highest level after waking and declines across the
day with the lowest levels at night. Circadian regula-
tion of the HPA axis in young children, however,
matures into the third year as expected by progressive
myelinization of the prefrontal cortex and maturation
of brain functioning, and corresponds with other areas
of development such as sleep-wake cycles (Gunnar &
Quevedo, 2007). Specifically, cortisol levels may fluc-
tuate with the natural midday naps of young children
and rebound after the child wakes up in order to
lower cortisol levels again. As follows, cortisol in
young children might sometimes increase (or remain

elevated) following naps (see Gribbin et al., 2012;
Tervahartiala et al., 2020; Tribble et al., 2015; Ward
et al., 2008; Watamura et al., 2004). In contrast to the
steady decline of cortisol release over a day in adults,
this diurnal cortisol rhythm in young children is dis-
rupted in form of a bump or a plateau as demon-
strated by cortisol collections ranging from morning
to evening (Groeneveld et al., 2010; Sumner et al.,
2010). Interestingly, disruptions in declining diurnal
cortisol foremost appeared if naptimes were ordered
(Thorpe et al., 2018). Ordered naptime (in contrast to
demand-driven naps by children themselves), how-
ever, is a common practice in center-based childcare
centers of mediocre to low quality. Not surprisingly,
past research linked rising cortisol levels after the
naps in centers’ afternoons to low childcare quality
(Geoffroy et al., 2006; Vermeer & van
IJzendoorn, 2006).

Stress in young children is not easy to capture, as
the stress response system comprises a complex reper-
toire of central neural and peripheral neuroendocrine
responses designed to prepare the organism for chal-
lenge or threat. Neurobiologically mediated sensitivity
to context as well as adaptive calibration through
developmental experience might be responsible for the
striking amount of individual variations with narrow
and wide reaction norms of HPA axis activations, as
outlined in Biological Sensitivity to Context [BSC] the-
ory by Boyce and Ellis (2005) and Adaptive
Calibration Model [ACM] by Del Giudice et al.
(2011). Naturalistic cortisol research describes reaction
norms by the overall shape of the cortisol patterns
across the day. The shape is indexed by the diurnal
slope with large slopes, shown as a steep drop in cor-
tisol from morning to evening, rated as healthy
(Miller et al., 2007; Saxbe, 2008).

Both theories argue that, in general, infrequent
HPA axis activations in the first years of life might
up-regulate the stress response system, and lead to
increasing responsivity toward stress. Thereby children
develop sufficiently wide reaction norms to respond
to regular environmental stressors. If the reaction
norm stays narrow, however, these children would
show adequate elevated response levels toward stress
in a protected environment, where they are supported
in keeping stress in check. In an uncontrollable envir-
onment (where support is not predictable), a child
with a narrow reaction norm might have difficulty
developing responsivity toward stress, and eventually
down-regulate the HPA axis, producing lower levels
of cortisol.
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Interestingly, whereas the conventional view on ele-
vated cortisol in response to stress is widely used in
child stress research, blunted diurnal cortisol rhythm
is foremost in the focus of adult stress and overlooked
in developmental studies (see Gunnar & Vazquez,
2001). The present study aimed to substantiate full
variations in children’s HPA axis activities during
transition from home to childcare. Specifically, we
described how children’s diurnal cortisol rhythms
change in order to adapt to repeated exposures to the
childcare setting. We thereby focused on wide and
narrow reaction norms as indicated by regular and
blunted cortisol profiles.

Stress in public childcare

The HPA axis engages when children face unpredict-
able and/or uncontrollable challenges requiring antici-
pation, which still is developing in early childhood.
Moreover, HPA axis in young children is exception-
ally responsive if the challenges involve threat to the
relationship with parents, and separation from them
(Ahnert et al., 2004), as well as due to stressful peer
interactions (Vermeer & van IJzendoorn, 2006). Two
metaanalyses have shown that the effect of childcare
on cortisol was less prevalent during children’s first
compared to their second year of life (Geoffroy et al.,
2006; Vermeer & van IJzendoorn, 2006). In fact, little
stress research has been conducted in children aged
between 12 and 36months; and only very rarely is
research on children’s diurnal cortisol based on
repeated measures spread out from morning over
afternoon to evening and bedtime, comparing the

cortisol measures at home and in childcare (c.f.,
Groeneveld et al., 2010; Sumner et al., 2010).

Most studies used only two cortisol measures to
examine changes in cortisol from midmorning to
midafternoon. Although these studies carefully com-
pared cortisol levels from the same child in childcare
and at home, findings are mixed (see Table 1 for an
overview). Some of these studies reported increases in
midmorning to midafternoon cortisol (when cortisol
is expected to decline) in center-based care, but not at
home (Drugli et al., 2018; Sumner et al., 2010). This
confirms Vermeer and van IJzendoorn (2006)’s specu-
lation that children in center-based care (particularly
children under three) show elevated cortisol levels due
to their stressful interactions in a group setting. They
conclude the greater the groups and noise levels and
the lower caregiver sensitivity (summarized as low
childcare quality), the more children’s cortisol levels
might increase.

In Groeneveld et al. (2010)’s study, however, there
were no afternoon increases in center-based care.
Oddly enough, the study instead revealed cortisol
increases in home-based childcare, where children
experienced higher caregiver sensitivity, lower noise
levels, and also demonstrated higher wellbeing com-
pared to children in childcare centers. Ouellet-Morin
and her colleagues (Ouellet-Morin et al., 2010) found
increasing cortisol from midmorning to midafternoon
in center-based childcare only in two-year old boys
(not girls). One year later, this effect had totally disap-
peared. Watamura and her colleagues (Watamura
et al., 2003) revealed increasing cortisol in the after-
noons of childcare centers, mostly in toddlers (71%)
and occasionally in children younger than 16months

Table 1. Mid-morning and mid-afternoon cortisol in studies on children’s stress in public childcare.
Authors Sample Cortisol [mg/dl] Context Children’s

mid-morning mid-afternoon Age/Gender

Drugli et al. (2018) Norwegian .25 .22 home
.25 .29 center-based�

Sumner et al. (2010)� USA .14 .12 home
.14 .20 center-based�

Groneveld et al. (2010) Dutch .14 .11 home
.12 .11 center-based
.13 .14 home-based�

Quellet-Morin et al. (2010) Canadian .14 /.15 .10 /.14 home two-year olds
.14 /.14 .14 /.18 center-based� two-year old boys�
.25 /.32 .20 /.21 home three-year olds
.14 /.12 .14 /.12 center-based three-year olds

Watamura et al. (2003) USA .22 /.16 .18 /.17 home infants/toddlers
.31 /.21 .26 /.39 center-based� infants/toddlers�

Vermeer et al. (2010) Dutch .11 .10 home
.13 .12 center-based

Basque .20 .10 home
.14 .11 center-based (half day attendance)
.13 .14 home
.11 .10 center-based (full day attendance)

Note. �Measures are confirmed by M. Dozier (personal communication); �Studies demonstrating rising midmorning to midafternoon cortisol.
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(35%). Vermeer and her colleagues (Vermeer et al.,
2010) completely failed to find any differences in the
analysis of midmorning to midafternoon changes in
cortisol at home and in childcare centers. Overall,
researchers often sampled children’s saliva after the
afternoon nap (and before they received a small snack,
typically provided following the nap) in the centers.
This suggests a systematic influence of the nap on
midafternoon cortisol, especially when considering
that ordered naps in mediocre to low quality childcare
might have triggered midafternoon cortisol more in
childcare than at home. Not surprisingly, only almost
half of the examined samples of past research showed
raising midmorning to midafternoon cortisol, and
these were, interestingly, at similar levels across the
studies despite the different technologies used to ana-
lyze saliva cortisol.

Past research also aimed to identify stress-buffering
effects as well as stressors in childcare predicting
children’s HPA axis activation. For example, social
relationships tend to dampen children’s stress
responses (Ahnert et al., 2004; Hostinar et al., 2014).
However, associations of care providers’ sensitivity
with children’s cortisol in childcare provided contro-
versial results (Groeneveld et al., 2010). Still, research-
ers believe in trustful care providers who help
children to hold the stress response in check post
enrollment to childcare, even though empirical evi-
dence on whether this support works in the context of
group care is still outstanding. Furthermore, Legendre
(2003), who repeatedly measured cortisol in childcare
across morning hours, found several stressors for
increased cortisol release: large group sizes (n> 15),
large age differences among children within the group
(>6months), less available area per child in the play-
rooms (<5m2), and large numbers of adults in the
room (>4 adults). Ouellet-Morin and her colleagues
(Ouellet-Morin et al., 2010) revealed that children
with less peer contact before enrollment had higher
cortisol in childcare than enrolled children with previ-
ous peer contact. There are also some associations of
cortisol in childcare with frequencies of peer play
(Watamura et al., 2003), hours in childcare centers
(Drugli et al., 2018), and illness frequency (Watamura
et al., 2010).

Overall, the debate on stressors in childcare points
to the fact that home and childcare environments are
quite contrasting experiences for young children
(Ahnert & Lamb, 2003). The present study therefore
investigated relevant features, which enhance or
dampen young children’s HPA axis activities,

specifically when the children enter childcare for the
first time.

Study aims

In this article, we examined children’s cortisol
responses throughout the transition from home to
childcare, and uncovered how and under what condi-
tions the diurnal cortisol rhythms changed or
remained stable. Based on four measures per day, we
inspected children’s cortisol on three sections of the
transition along a four-month timeline. The study
ought (1) to describe children’s diurnal cortisol gener-
ally in a way that differentiates between Regular and
Stress cortisol profiles. Taking into account theoretical
considerations on the striking amount of individual
variations in cortisol rhythms with narrow and wide
reaction norms, we expected several types of Regular
profiles in many daily situations as well as a Stress
profile appearing in situations with obvious stressors.
(2) Pacing Regular and Stress profiles throughout the
transition, we explored how children’s HPA axis activ-
ities changed in order to adapt to the repeated expo-
sures to childcare. We hypothesized that children’s
Regular profiles would be more likely at home and at
the end of the transition whereas Stress profiles should
be most frequent at childcare entry. Moreover, child-
ren’s attachment experiences with parents and care
providers should affect changes in children’s cortisol
throughout the transition. We thus expected that high
quality relationships of the children to their parents
and care providers would buffer children’s stress
responses in childcare and thereby assure Regular pro-
files. (3) We finally aimed to reveal features of child,
caregiver and environmental characteristics, which still
predict stress at the end of the transition. Based on
past childcare research, we assumed that environmen-
tal characteristics like large group size and children’s
age differences within the group would make Stress
profiles more likely. In contrast, children’s experience
with siblings and peers as well as care providers, who
display professional and empathetic behaviors, should
prevent the children from experiencing stress and
thus make Stress profiles less likely.

Methods

Sample

The present research is part of a larger study on the
transition from home to childcare (see Datler et al.,
2012; Ereky-Stevens et al., 2018), during which we
focused on children’s cortisol responses and accepted
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responsibility for this part of the study. The Ethics
Committee of the Medical University of Vienna
(Austria) approved the present study. We received
written informed consent of all families involved in
the study who agreed to support the saliva collection
for cortisol analyses.

Homes
The 104 families involved in the study were represen-
tative of middle-to-upper class and of Caucasian eth-
nicity, with 42.2% of the mothers and 46.5% of the
fathers having graduated either from high school or
university. Mothers were M¼ 35;2 (SD¼ 4;8) years,
and fathers M¼ 37;4 (SD¼ 6;1) years old. Ninety-
three percent of the mothers were married or lived
together with the fathers of the target child, and 7%
were single mothers. The 104 children (57 female; 47
firstborns) were between 10 and 35months (M¼ 23;0,
SD¼ 4;8) old, healthy and born at term. The families
were recruited from childcare centers in Vienna
(Austria), where the parents had applied for their
children’s attendance. All children were cared for at
home prior to childcare entry. At entry, children were
accompanied by their mothers for approximately one
to two weeks (M¼ 7 workdays, SD¼ 5.9).

Parental leave policy
Parental leave policy in Austria assures high flexibility
for parents to care for their children at home, with or
without the help of public childcare, during infancy
and toddlerhood. While the jobs are protected after
delivery, parents can take leave and are strongly
encouraged to take it in a shared way. Parental shared
leave can be taken according to four different time
frames of 14, 18, 24 or 36months (more details in
Valarino et al., 2018). In the present study, 87.5% of
the mothers took parental leave for an average of
21.1months (SD¼ 7.6) and 11.8% of the fathers for
an average of 10.8months (SD¼ 8.6). Furthermore,
the Austrian government financially supports the fam-
ilies based on two models, i.e., a one-year income-
based model and a flat rate-based model with flexible
eligibility of the timeframes up to 36months. Both
models aim to financially support families of various
SES and thus enable them to share the time with their
children, primarily according to their wishes (and
hardly due to their financial needs). Although the flat
rate-based model tends to be more attractive for stu-
dent and low-income families, whereas the income-
based model (with the couple receiving 80% of the
salary of the parent who takes leave) might be more
attractive for socially privileged families, the length of

parental leave did not correlate with SES in the pre-
sent study (for mothers: r¼�.050, n.s.; for fathers:
r¼�.073, n.s.). According to answers in multiple-
choice questionnaires, parents most frequently
reported that they ended parental leave because of (1)
better developmental challenges for the child due to
educational programs in public childcare (78.2%), (2)
more peer contact in the child’s social life and better
play opportunities (77.2%), and more personal free-
dom for self-development and marital relation-
ship (41.6%).

Childcare
Children entered 84 classrooms of 71 childcare centers
located in diverse districts of Vienna (Austria). Of the
centers, 49.1% were run by the state, 16.3% by the
church, and 34.6% by parent initiatives. The childcare
centers ranged from mediocre to high quality (see
Datler et al., 2012; Ereky-Stevens et al., 2018). Group
sizes varied between 10 and 23 children (M¼ 16.06;
SD¼ 3.08), with age differences among the children in
a group between 6 and 60months (M¼ 28;6,
SD¼ 15;1). Child–care provider ratio ranged between
1:3 and 1:20, excluding one additional assistant who
was often available for the group. The target children’s
primary care providers were professional females, who
had passed a three- to five-year vocational training.
They were between 19 and 59 years old (M¼ 34;5,
SD¼ 10;9) with work experience between 1 and
38 years (M¼ 12;2, SD¼ 10;2). The present study
finally yielded a nested data structure because 22 of
the involved childcare centers recruited more than
one target child, and 11 primary care providers were
included multiple times in the study, as they were
observed with more than one child (up to four)
throughout the 28-month recruitment period.

Overall procedure

We visited the families and children at home almost
two weeks before entry (T0), interviewed the parents
about family structure (including number of children,
gender and birthdates), SES and family life, including
the target child’s contact to other children in the
neighborhood, at play groups and playgrounds (rated
on a 5-point Likert scale from “rare” to “most
frequent”). During the home visit, we also collected
saliva for the first time and instructed the parents on
how to collect the saliva later on. We eventually
observed the attachment relationship between mother
and child, and left a questionnaire on Maternal
Separation Anxiety, which the mother was to return at
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childcare entry (and was to answer again around two
months later).

Almost one-month post entry, we visited the target
children in the childcare center for the first time (T1),
once they had experienced the new environment two
weeks with and two weeks without a parent present.
We continued with two subsequent visits in the cen-
ters and scheduled them two months (T2) and four
months (T3) post entry. We collected saliva from the
children each time (T1, T2 and T3). We also regis-
tered the current group size and the age difference
among the children of the group to which the target
child was assigned as well as child’s hours at the cen-
ter and illness frequencies. In addition, we observed
care providers’ engagement, and assessed the care pro-
vider–child attachment relationship at T2 and T3. We
finally requested details on care provider’s age, family
background, and career (i.e., type of training and
years of work experience).

Measures

Cortisol
We measured cortisol based on saliva, which was col-
lected at home by parents and in the centers by care
providers or research assistants, respectively, and
instructed all not to collect saliva during food or drink
consumption.

Cortisol collection. At home before childcare entry
(T0) and across the transition (at T1, T2, and T3), sal-
iva collections took place four times a day: (1) in the
morning between 7:30 and 8:30 AM, (2) midmorning
between 10:30 and 11:30 AM, (3) midafternoon
between 2:00 and 3:00 PM, and (4) evening between
6:00 and 7:00 PM. According to the suggestion of the
lab, which later analyzed the probes, we used no oral
stimulants for the saliva selection but simple sterile
Eye Spears on which the children sucked. Once the
Eye Spears were saturated, they were placed in an air-
proof micro tube and stored at 0 �F/�18 �C until they
were assayed in the lab.

Cortisol quantification. The lab of the
Biopsychological Department at Technical University
in Dresden, Germany (headed by Clemens
Kirschbaum) analyzed all saliva probes. It applied
Enzyme Immuno Assay (EIA) “Synelisa Sensitive” and
reported a sensitivity of .2 lg/dl cortisol in concentra-
tions of 0 to 10lg/dl. Using 10 ll saliva samples, both
intra- and interassay variability were less than 10% in
concentrations of .4 to .7 lg/dl cortisol. All probes

were assayed in duplicate to ensure reliability. Ideally,
these analyses would have produced four cortisol pro-
files (based on four measures each) for each target
child before (T0) and along the transition (T1, T2 and
T3) yielding 404 patterns. However, 17% of the meas-
ures were missing due to insufficient sampling.
Overall, 1081 probes could be analyzed, resulting in
335 diurnal cortisol patterns for 101 children; for
three children, missing cortisol values were so dread-
ful that we had to fully exclude them from statistical
analyses (see later).

Children’s attachment relationships
External observers rated children’s attachment rela-
tionships to their mothers as well as their primary
care providers with the German version of the
Attachment Q-Sort during two-hour observations
(AQS: Waters, 1995; Ahnert et al., 2012). The AQS
captures children’s attachment during everyday situa-
tions, which thus allowed for an ecological description
of attachment in families and childcare centers. In
preparation for the attachment observations, six
research assistants were intensively trained for the
AQS procedure using video training and live observa-
tions. Later, ten video records that had been rated by
experts determined whether the observers had reached
an interrater reliability of at least ICC ¼ .75 before
they served as external observers in the present study.
In addition, two observers carried out about 10% of
the observations simultaneously before they observed
alone. Observers of the present study achieved an
excellent reliability with ICC ¼ .90.

According to the test construction of the AQS, the
observer must sort 90 items into 9 piles (with 10 cards
each) from “most descriptive” to “least descriptive” of
the dyad. Items describe situations when the child
searches for proximity to the mother/care provider
(e.g., Child keeps track of mother/care provider’s loca-
tion when he plays around the house; item 21), enjoys
proximity (e.g., Child often hugs or cuddles against
mother/care provider, without her asking or inviting
her to do so; item 11), likes to share and obey (e.g.,
Child follows mother/care provider’s suggestions readily,
even when they are clearly suggestions rather than
orders; item 18) etc. The sorting of all items was then
correlated with an expert’s sorting that describes a
perfect secure adult-child attachment. The correlation
resulted in AQS scores ranging from �1.0 to þ1.0,
with scores representing the extent of attach-
ment security.

We received AQS scores for mothers (AQS-M) at
T0 ranging from �.27 to .74 (M ¼ .38, SD ¼ .18).
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Attachment scores for care providers (AQS-CP) were
obtained at T1, T2, and T3 and ranged between �.28
and .67 (M ¼ .26, SD ¼ .17). To ensure normal distri-
bution for later statistics, we objected all AQS scores
to Fisher’s r-to-z transformation.

Maternal worries
To capture maternal worries, we utilized the Maternal
Separation Anxiety Scale (MSAS; Hock et al., 1989).
Mothers filled out the 35 Likert self-report scales,
which taped three independent subscales. The present
article used only the subscale Perception of Separation
Effects on the Child. The subscale score refers to seven
items, ranging from 7 to 35, and obtains high scores
if a mother believes her child will not benefit from
public childcare. Cronbach’s alpha proved sufficient
reliability with .75.

Care provider engagement
External observers assessed care provider engagement
based on the Global Scale of Caregiver Behavior (CIS:
Arnett, 1989). The present article focused on the sub-
scale Disengagement, which contains six items. These
4-point Likert scales (ranging from “often” to “never”)
describe the amount of care provider interest and
involvement in children’s day-to-day activities in the
center (reversed). Nine research assistants trained the
Global Scale of Caregiver Behavior via video records
before they used the scale for observations. The
research assistants verified reliability based on the first
44 observations which two raters had simultaneously
observed, but separately rated, and achieved reliability
of ICC ¼ .74.

Analytic plan

We conducted three separate but related sets of analy-
ses. First, a latent profile analysis (LPA) grouped
homogenous patterns of the four cortisol measures
per day and child to cortisol profiles, and assigned a
probability of group membership for each pattern, so
that the cortisol patterns were examined within the
group they most probabilistically belonged to
(Flaherty & Kiff, 2012). We applied a two-level LPA
to treat cortisol measures per day and child in relation
to the longitudinal measures collected from home
throughout the transition. This modeling approach
thus allowed identifying cortisol profiles, which repre-
sent children’s HPA axis activities as variations of the
diurnal cortisol rhythms over time.

Because the diurnal trajectories of the cortisol were
central for profile identification, we considered the

exact sampling time of each cortisol level. In addition,
experiences in working with children taught us that
where the cortisol had been collected might be influ-
ential on cortisol levels. Beside exact sampling time,
LPA thus controlled for the location of the measures,
i.e., at home or in childcare. Missing cortisol values
were a challenge too. All values of a diurnal cortisol
pattern that had missing morning values or sole
morning values were not included in LPA, because
the trajectories of the diurnal cortisol rhythms could
not be reliably determined. For all remaining missing
values, however, we used full information maximum
likelihood (FIML) allowing efficient model estimation
based on all available data (Enders, 2010).

As a key result of LPA, Bootstrap likelihood ratio
tests (BLRT) eventually determined the optimal num-
ber of profiles, and assessed whether a k-profile would
fit the data better than a k� 1 profile solution (see
Nylund et al., 2007). For the appraisal of the final
model, relative Entropy E, ranging from 0 to 1, indi-
cated how separable the classes were, with the closer
E to 1 the better. When LPA modeling identified dif-
ferent cortisol profiles across the transition, it pro-
vided us with the opportunity to recognize three of
them as children’s wide and narrow reaction norms of
the HPA axis dynamics. We condensed the three pro-
files to one Regular category, which we later con-
trasted with the remaining Stress category.

Second, to examine how the Regular and Stress pro-
files had changed or were maintained over time, we
used a Latent transition analysis (LTA), where transi-
tion probabilities indicate the likelihood of a child
being assigned to the Regular profile at time point t,
given that this child was already assigned to this pro-
file at time point t� 1 or had been shifted from the
Stress profile (see Collins & Lanza, 2010; Nylund,
2007). We focused on three different sections along
the transition: (1) TRANS 1 covered the time between
T0 and T1 when target children started childcare, and
their mothers accompanied them for a while. Because
mothers went back to work in the middle of TRANS
1, however, children must learn to adjust to the daily
separations. (2) TRANS 2 related to the time from T1
to T2 when the children familiarize with the childcare
setting and rules, and (3) TRANS 3 concerned the
time between T2 and T3 when group dynamics and
peer interactions became important.

LTA tested changes and stability of children’s
Regular vs. Stress profiles throughout the three transi-
tion sections, and whether and how children’s attach-
ment to their mothers (AQS-M score) and their
primary care providers (AQS-CP score) influenced
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this process, also controlling for child age. A general
index of model fit for LTA was again provided by
Relative Entropy E with the better fit being E closer to
1. Estimated transition coefficients, b, indicated stabil-
ity or change of children’s cortisol profiles through
the three sections of the transition, and regression
coefficients b indicated attachment influences on the
likelihood of Regular vs. Stress profiles at each transi-
tional section.

Third, we were interested in features affecting the
final Stress profile at the end of the transition (T3).
Having recorded 30 features per child for each of the
104 children, traditional statistics would not be able to
determine which of the features would be predictive
or not. As suggested by Chen and Guestrin (2016), we
used XGBoost, a machine learning technique that uses
decision tree modeling for predictions and other deci-
sion-making challenges over sets of features. In the
respective tree structures, leaves represent class labels,
and branches represent conjunctions of features that
lead to those class labels. In the present analysis,
XGBoost does recursive partitioning in order to split
the features along cortisol profiles into parts of similar
relations. Based on a multiple classification tree pro-
cedure, XGBoost iteratively adds trees while steadily
reweighting the features and their relations (among
them and with the cortisol profiles), thereby handling
any nonlinear relations. In addition, a value for fea-
ture importance indicated the relative contribution of
a feature to the model calculated by each feature’s
contribution for each tree. If a feature showed a
higher value of this metric when compared to another
feature, it implied that the feature with a higher value
was more important to generating a prediction than
the other. With XGBoost, we were eventually able to
identify relevant features from the current data collec-
tion in order to predict the likelihood of a Regular vs.
Stress profile, and indicate the importance of the pre-
diction. In addition, XGBoost made the results graph-
ically interpretable with Shapley additive explanations
(SHAP: Lundberg & Lee, 2017).

We conducted LPA and LTA with MPlus 8.2
(Muth�en & Muth�en, 2017), and used the MLR estima-
tor. WE conducted XGBoost and SHAP with R pack-
age XGBoost 0.82.1 (Chen et al., 2019). SMOTE, an
oversampling procedure, was necessary later on (see

below) and we used R package DMwR 0.4.1 for this
(Torgo, 2010).

Results

Regular vs. Stress profiles

Based on the latent profile analyses, we found support
for four different homogenous classes of cortisol pro-
files. BLRT (<.001) preferred the four-class solution
with E ¼ .70 as an optimal LPA model. (For all fit
indices see Table 2; for class sizes and distribution see
Table 3). Comparison of the three, four and five-class
solutions implied that the addition of a fifth class did
not significantly improve model fit, that is, 3 vs. 2, p
< .001, and 4 vs. 3, p < .001 but 5 vs. 4, p > .999).

As a result, we assigned 21.8% of the diurnal corti-
sol patterns to Profile I, 26.3% to Profile II, 34.8% to
Profile III and the rest of 17.1% to Profile IV (see
Figure 1). The first three Profiles I, II and III demon-
strated variations of morning cortisol levels which
averaged at .40 mg/dl at equivalent times of day in
children who had either no experience with childcare
or were already adjusted (Ahnert et al., 2004; Sumner
et al., 2010). The profiles’ cortisol levels at midmorn-
ing and midafternoon were also comparable with past
research, ranging between .10 to .35 mg/dl before and
after noon (see Table 1). They all showed characteris-
tic cortisol declines over a day, with Profile I having a
bump while Profile III, however, displayed a plateau
between midmorning and midafternoon cortisol as a
distinct feature.

In contrast, Profile IV yields a completely blunted
shape of low cortisol release, which scholars of stress
recognize as hypocortisol pattern, and evaluate as a
deviant HPA axis response in a stressful environment
(e.g., Fries et al., 2005; see Figure 1).

In order to explore whether Profile IV appeared
more frequently at times of stressful encounters, and
whether Profiles I, II and III were almost equally fre-
quent across time and location, we arranged a matrix
in which all profiles were spread over the study design

Table 2. Model fit indicators for two- to five-class solutions.
Classes BLRT p (k� 1 vs k) Entropy AIC BIC

2 <.001 .77 5259.7 5344.8
3 <.001 .67 5206.0 5329.9
4 <.001 .70 5129.0 5291.6
5 >.999 .67 5123.3 5328.5

Table 3. Matrix of the distribution of cortisol profiles (%)
across types and times throughout the transition.

Time Points Across the Transition

Profile Types T0 T1 T2 T3
P

%

I 5.3 5.1 5.2 6.2 21.8
II 6.7 6.6 6.9 6.1 26.3
III 10.9 7.7 8.1 8.1 34.8
IV 2.2 8.1 3.6 3.2 17.1P

% 25.1 27.5 23.8 23.6 100

Note. T1 ¼ Time 1; T2 ¼ Time 2; T3 ¼ Time 3; TRANS¼ defined sections
of the transition: TRANS 1 from T0 to T1; TRANS 2 from T1 to T2;
TRANS 3 from T2 to T3.
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(see Table 3). Whereas Profile IV with 2.2% of the
sample was rare at T0, its likelihood indeed peaked
immediately at T1 when the child was just enrolled in
public childcare, v2(1) ¼ 4.82, p ¼ .028. Interestingly,
an additional v2-test (for T1 cortisol only, including
child age and the duration of maternal accompani-
ment) revealed that Profile IV was more likely when
the maternal accompaniment was long (>4 days) and
the children young (under 24months), v2(2) ¼ 4.44, p
¼ .035. In other words, the profile was linked to
children’s entry, and in particular, to younger children
whose mothers took more time to accompany them.
For that reason, we determined Profile IV as
Stress profile.

In contrast, all other profiles (Profiles I, II and III)
spread almost equally across the transition (see Table
3), regardless of whether they showed bumps or pla-
teaus as we would not expect if these profiles were
associated with stress. Profile III (showing the lowest
cortisol levels among Profiles I, II and III) was signifi-
cantly more frequent than all other profiles at T0 with
young children (less than 24months), v2(3) ¼ 9.2, p
¼ .027). Profile III might thus represent a narrow
reaction norm of the stress response system. To ease
further analytic work, we combined all regular profiles
(Profile I, II and III) to one Regular profile and con-
trasted it against the Stress profile.

Stability and change in cortisol profiles across
transition and the impact of attachment

Focusing on Regular vs. Stress profiles, we first
inspected stability and change across the transition.
As demonstrated in Table 4, Regular profiles exhibited

the highest stability throughout the entire transition
from home to childcare, with 57.4% of the children
displaying this profile. 15.9% of the children showed a
Stress profile only once, followed by 11.9% who
responded with a Stress profile at two sections during
the transition. Across the three sections of the transi-
tion, 7.9% of the children maintained a Stress profile,
and only one child continued from home throughout
the entire transition with a blunted cortisol pattern.
As described in Table 5, however, frequencies of
Regular (vs. Stress) profiles changed enormously from
92 (vs. 9) down to 73 (vs. 28) during TRANS 1, when
the children coped with the new situation, and the
separation from the mother. During TRANS 2, when
care providers familiarized the children with the child-
care rules, Regular profiles improved from 73 (vs. 28)
to 81 (vs. 20) and remained stable across TRANS 3,
that is, minimal Regular profile improvement from 81
(vs. 20) to 85 (vs. 16).

Assuming that attachment experiences of the chil-
dren (as indexed by AQS-M and AQS-CP) influenced
children’s cortisol rhythms during the transition, we
included AQS-M and AQS-CP scores in the LTA
model at the same time as we tested stability and
change of the cortisol profiles. Figure 2 describes the
model construction: We included AQS-M, which we
had measured only once at home, even though we
assumed that children’s attachment to the mother
affects children’s cortisol profiles across the entire
transition. We included AQS-CP measured at T1 and
T2 and expected children’s attachment to the primary
care providers to be associated with children’s cortisol
profiles during TRANS 2 and 3, when the care pro-
viders familiarized and helped to integrate the

Figure 1. Children’s cortisol profiles characterized by mean
and SEM of the assigned cortisol measures.

Table 4. Child-oriented description on stability and change of
regular vs. stress profiles.

TRANSITIONS Sample

⟶ TRANS 1 ⟶ TRANS 2 ⟶ TRANS 3 n %

Regular (T0) Regular (T1) Regular (T2) Regular (T3) 58 57.4
Regular (T0) Regular (T1) Stress (T2) Stress (T3) 4 4.0
Regular (T0) Regular (T1) Regular (T2) Stress (T3) 3 3.0
Regular (T0) Regular (T1) Stress (T2) Regular (T3) 1 1.0
Regular (T0) Stress (T1) Regular (T2) Regular (T3) 11 10.9
Regular (T0) Stress (T1) Stress (T2) Stress (T3) 7 6.9
Regular (T0) Stress (T1) Regular (T2) Stress (T3) 1 1.0
Regular (T0) Stress (T1) Stress (T2) Regular (T3) 7 6.9
Stress (T0) Regular (T1) Regular (T2) Regular (T3) 7 6.9
Stress (T0) Regular (T1) Stress (T2) Stress (T3)
Stress (T0) Regular (T1) Regular (T2) Stress (T3)
Stress (T0) Regular (T1) Stress (T2) Regular (T3)
Stress (T0) Stress (T1) Regular (T2) Regular (T3) 1 1.0
Stress (T0) Stress (T1) Stress (T2) Stress (T3) 1 1.0
Stress (T0) Stress (T1) Regular (T2) Stress (T3)
Stress (T0) Stress (T1) Stress (T2) Regular (T3)

Note. T1¼ Time 1; T2¼ Time 2; T3¼ Time 3; TRANS¼ defined sections of
the transition: TRANS 1 from T0 to T1; TRANS 2 from T1 to T2; TRANS 3
from T2 to T3.
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children into childcare. LTA model furthermore con-
trolled all AQS predictors for their effects on contem-
poraneous cortisol profiles. Because of the age bias in
children’s cortisol release, we finally included child
age. LTA reached an excellent model fit with E ¼ .95
(see Figure 2).

Overall, children’s cortisol profiles appeared highly
instable during TRANS 1 (b¼�0.78, p ¼ .66) as well
as TRANS 2 (b¼ 7.45, p ¼ .12), whereas during
TRANS 3, children’s cortisol profiles persisted
(b¼�8.61, p ¼ .031), suggesting that a Regular or
Stress profile in children at T2 most likely continued
to T3. Moreover, LTA clearly revealed that the attach-
ment experiences of the children were associated with

their cortisol profiles. Three outcomes stood out (see
Table 6): (1) the higher the AQS-M score, the more
likely children’s cortisol responses gained on Regular
profiles during TRANS 2 (b¼ 6.53, p ¼ .019) and (2)
the more likely Regular profiles retained during
TRANS 3 (b¼ 13.80, p ¼ .021). (3) The higher the
AQS-CP score, the more likely children’s cortisol sta-
bilized a Regular profile against the Stress profile dur-
ing TRANS 3 (b¼ 30.74, p ¼ .024). Child age had no
systematic impact on the changes in child-
ren’s cortisol.

Stress at the end of the transition

Only 15.8% of the children displayed a Stress profile
at the end of the transition (T3), whereas 84.2%
demonstrated Regular profiles. To explore the cir-
cumstances associated with the likelihood of these
results, we applied XGBoost and tested 30 (categor-
ical and continuous) features retrieved from the
recruitment records. Features such as child and fam-
ily characteristics, mother and care provider charac-
teristics and a long list of characteristics describing
the quality of the center, were of interest. However,
the low percentage of Stress profiles in contrast to
the high percentage of Regular profiles in the current
sample posed a major analytical challenge, which we
overcame with synthetic minority oversampling
(SMOTE: Chawla et al., 2002). Here, the key idea is

Table 5. Transition-oriented description on stability and change of regular vs. stress profiles by numbers of children.
TRANS 1 (Adjusting) TRANS 2 (Familiarizing) TRANS 3 (Integrating)

Profiles ALL Regular Stress ALL Regular Stress ALL Regular Stress

Regular 92 66 26 73 68 5 81 77 4
Stress 9 7 2 28 13 15 20 8 12
ALL 101 73 28 101 81 20 101 85 16

Note. Numbers refer to children who changed or retained a Regular vs. Stress profile during three sections of the transition, i.e., TRANS 1, 2, and 3.

Figure 2. Latent transition model of regular vs. stress cortisol profiles throughout the transition.

Table 6. Attachment experiences predicting stability and
change in cortisol profiles during the transition.

Regular at T-1 Stress at T-1

Attachment b SE p b SE p

TRANS 1
Mother (T0) �0.02 0.95 .99 1.33 4.23 .75

TRANS 2
Mother (T0) 6.53 2.79 .019� 1.05 2.74 .70
Care Providers (T1) 6.95 5.80 .23 �1.67 2.85 .37

TRANS 3
Mother (T0) �0.65 1.62 .69 13.80 5.99 .021�
Care Providers (T2) �2.01 2.50 .40 30.74 13.64 .024�
Note. T¼ Time of attachment observations (AQS): T0¼ before, T1/
T2¼ one and two months post entry; TRANS¼ defined sections of the
transition: TRANS 1 from T0 to T1; TRANS 2¼ from T1 to T2; TRANS 3
from T2 to T3; all transitions were controlled by child age (Ts ranging
from -1.89 to 2.56, n.s.); �p>.05.
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to use synthetically generated data based on the ori-
ginal data. In other words: SMOTE uses the feature
space of either group to create new data within the
local feature boundaries. In preparing SMOTE, 10%
of the data (randomly selected) were removed and
used as a hold-out sample to later check whether the
model built on SMOTE’s synthetic data would be
similar to the model built on the empirical data.
Synthetic cases are not identical to the original ones,
but they are random variations of what the algorithm
expects from new cases to be close to the empirical

data. SMOTE synthesized the data within the feature
space of the five nearest neighbors per case. The
sampling rate was set to modes of 500% over- and
120% under-sampling, which produced a synthetic
sample of 72 Stress and 72 Regular profiles. On this
data set, XGBoost (Chen & Guestrin, 2016) trained a
model that eventually comprised 87 decision trees.
Evaluation on the synthetic data yielded AUCSMOTE

¼ .97, on the original data AUCtrain ¼ .87, and on
the hold-out data AUChold-out ¼ 1.0, which indicate
excellent fit and generalizability of the results.

Figure 3a. Child characteristics as related to regular profiles at the end of transition.

Figure 3b. Characteristics of mothers and care providers as related to regular profiles at the end of transition.

Figure 3c. Group characteristics as related to regular cortisol profiles at the end of transition.
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Fifteen features out of 30 predicted whether child-
ren’s cortisol profile was either a Regular or a Stress
profile at T3. Moreover, XGBoost indicated how cru-
cial certain features for the prediction were, using fea-
ture importance values which ranged from .169 (child
male gender) to .006 (age difference of the children
within a group). In addition, SHapley Additive
exPlanations (Lundberg & Lee, 2017) made detailed
interpretations for each feature possible. Accordingly,
a feature more likely predicted (along its value range)
a Stress profile, the more negative its SHAP values
were, and in turn, indicated a Regular profile the
more positive its SHAP values were (see Figure 3a–c).
The 15 features described child, caregiver and group
characteristics of the centers. Child gender (male) and
frequent experience with siblings or peers before
childcare entry stood out, compared to many other
child characteristics, in making a Regular cortisol pro-
file more likely the more prevalent these characteris-
tics were (see Figure 3a).

Furthermore, among many of the caregiver charac-
teristics, mothers’ worries verified a Stress profile the
more the worries sustained into late transition (T2)
but not if they existed before enrollment (T0) when
the worries might have been productive in preparation
of the child’s entry. Furthermore, care providers’
engagement at child’s entry (T1) most likely contrib-
uted to a Regular profile. As expected, care providers’
attachment to the child (AQS-CP at T1 and T2) pre-
dicted Regular profiles. In addition, short work experi-
ence already contributed to a Regular profile, even
though this feature was not as important (feature
importance of .025) as care provider–child attachment
was with .034 and .059 (see Figure 3b).

Interesting insights also appeared with regard to
the group characteristics in the centers. These features
predicted children’s cortisol profiles as related to their
timing. For example, large group sizes predicted Stress
profiles at T1 when children also coped with the sep-
aration from the mother. At T3, when the target chil-
dren began to familiarize with the group, large groups
were more likely associated with Regular profiles,
helping the child to regulate better physiologically.
Similar predictions referred to age differences of the
children in the group the target child had entered.
Whereas large age differences predicted Regular pro-
files the larger they were at the beginning of the tran-
sition (T1), by the T2 and T3, however, large age
differences were more likely to predict Stress profiles,
suggesting that the group dynamic over time had
changed. Noteworthy also, illness frequency in the

middle of the transition predicted Stress profile at the
end; see Figure 3c.

Discussion

Past research reported severe effects on behavioral
and biopsychological functioning when young chil-
dren enter a childcare center for the first time and
stay for long hours (e.g., Ahnert et al., 2004; Fein
et al., 1993; Rauh et al., 2000). The present study
therefore examined HPA axis activities across a four-
month transition period from home to childcare and
focused on children’s diurnal cortisol rhythms. Based
on a collection of over one thousand saliva samples,
we utilized four cortisol measures per day and child,
and described diurnal cortisol profiles for 101 children
over the transition.

A Latent Profile Analysis classified four types of
cortisol profiles, of which one stood out with very low
morning levels and flat trajectories (Profile IV).
Profile IV peaked at the very beginning of the transi-
tion (T1), obviously responding to children’s stressors.
The profile appeared even more frequent when chil-
dren were young (under 24months), and mothers’
accompaniment was long. We therefore determined
Profile IV as the Stress profile. In contrast, Profile I,
II, and III showed the typical decline of cortisol levels
over a day. Although these profiles varied tremen-
dously in terms of their cortisol levels, they were in
line with data from other studies on cortisol in the
morning between .40 and .80mg/dl, at midmorning
between .11 and .25mg/dl and at midafternoon
between .10 and .39 mg/dl (see overview in Table 1).
Moreover, no matter whether the profiles showed
bumps or plateaus in their trajectories, they spread
equally over the transition, as one would never expect
if they were associated with stress. We therefore con-
densed them into one Regular profile, and found sup-
port in the theoretical framework of wide and narrow
reaction norms of normal HPA axis responses (see
Boyce & Ellis, 2005; Del Giudice et al., 2011).
Suggesting narrow reaction norms, children with
Profile III showed the lowest cortisol levels as opposed
to Profile I and II. Moreover, Profile III already
appeared at home (T0), and in particular in young
children. In contrast, children with Profile I or II
showed higher cortisol levels and declines, and
appeared independent of child age and time of the
transition. This suggests wider reaction norms and
easier adjustment to any of the new situations of
the transition.
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The present study also described the distribution of
Regular vs. Stress profiles throughout the transition,
with 57.4% of all children showing only Regular pro-
files but no Stress profile. About 15.9% of the children
showed a Stress profile just once during the transition,
followed by 11.9% who showed a Stress profile twice.
7.9% of the children developed and maintained a
Stress profile from childcare entry onwards, and one
child continued with a Stress profile already from
home throughout the entire transition. A latent transi-
tion model confirmed that children’s cortisol profiles
were quite instable as of two months post entry (T2).
Afterwards, cortisol profiles stabilized and made reli-
able predictions from T2 to T3, i.e., children with
Stress profiles at T2 most likely also showed a Stress
profile at T3, even though there was no effect of child
age on this process. The prediction suggests that
parents and care providers definitely need to intervene
(and not wait longer) if a child does not feel well after
two months of enrollment (T2) to ensure the child
does not have to face prolonged stress.

Furthermore, the transition model showed how
experiences of attachment security with the mothers
and the primary care providers in the centers helped
the children to stabilize changes in cortisol rhythms.
The more securely attached a child was to the mother,
the more likely children’s cortisol gained on Regular
profiles throughout the transition. Most importantly,
the more securely attached a child was to the care
provider, the more likely cortisol stabilized a Regular
against a Stress profile. Thus, children’s attachment
experiences clearly buffer children’s stress responses
during the transition. Even when children had already
overcome the daily separations from their mothers,
and were familiar with life in the childcare center,
they were less likely to develop a Stress profile if they
had experienced attachment security with their moth-
ers. Similarly, during the time when children got
more involved with the group and peers: the more
pronounced children’s security was to their mothers,
the less likely children displayed a Stress profile. The
present study thus goes much further than Ahnert
et al. (2004)’s study which argued that mothers might
not be able to help children’s adjustment when they
are no longer accompanying them. The children need
their homes beside good care in public centers. Full-
day observations of toddlers whose parents shared the
care with public childcare centers revealed that tod-
dlers demand a considerable amount of attention
when mothers picked them up, yet not during the
hours in childcare, perhaps to emotionally re-equili-
brate (see Ahnert et al., 2000; Ahnert & Lamb, 2003).

Surely, when children get to know the challenges in
the group, they absolutely need supportive care pro-
viders. Not surprisingly, the higher children’s level of
attachment security was to their care providers, the
less likely children displayed a Stress profile at the end
of the transition.

Furthermore, the present study detected and con-
firmed stressors, which might be in part avoidable
when children make the transition to childcare cen-
ters. Most of the predictors not linearly affecting
children’s cortisol are part of a complex nonlinear
dynamic system where small changes might lead to
huge effects and vice versa. We thus browsed through
a huge data file of possible predictors and used a
machine learning procedure (XGBoost) not only to
select important predictors but also to reveal their
importance at different times during the transition.
For example, mothers’ worries regarding their child-
ren’s enrollment before the entry predicted Regular
profiles at the end of the transition. Perhaps the wor-
ries might have been beneficial in easing the transition
process. In contrast, maternal worries in the midst of
the transition (measured two months post entry) indi-
cated a higher likelihood of Stress profiles at the end.

Another example for a time-connected impact on
children’s cortisol were group characteristics. Smaller
group size at the beginning but a larger group size at
the end of the transition helped the child to stabilize a
Regular profile, with the same effect being shown for
large age-differences among the peers at the beginning
and smaller age-differences at the end. Clearly, when
a child is new to the group, small group sizes might
be helpful to have better control over the situation,
and large age-differences among the peers might
mean that particularly the older children may find the
newcomer interesting and show support. When the
child, however, has adjusted, opposite conditions can
turn into advantages: larger group size and smaller
age-differences might be helpful for selecting peers
with whom friendships can buffer stress. These find-
ings are in line with Legendre (2003), who captured
group effects on children’s cortisol in public childcare.
Other predictors of children’s stress confirmed known
associations too. For example, illness frequency is an
alarming indicator for enduring stress responses (see
Watamura et al., 2010), and only-children or children
with less peer contact before enrollment and girls
tend to show Stress profiles in childcare (Ouellet-
Morin et al., 2010).

In sum, the present study provides evidence that
children’s stress during the transition from home to
childcare can be socially buffered by high quality
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adult-child relationships and supporting conditions in
the centers. However, the study must also discuss its
limitations. First, the sample was too small to include
more existing data in the present models. For
example, we were not able to examine the spectrum
of Regular cortisol profiles in more detail, or to inves-
tigate the impact of wide and narrow reaction norms
of children’s stress response system along the transi-
tion. More complex modeling, however, would
improve our understanding of the transition process
and would make the current results stronger. Second,
the small sample size drove us to model the transition
with the standard LTA instead of RI-LTA to separate
within- and between-person processes. Clearly, the
standard LTA tends to underestimate change proba-
bilities, meaning the actual effects are robust but
might be greater than reported. Third, the first section
of the transition (TRANS 1) combines to two contra-
dicting events, that is, maternal accompaniment and
maternal separation. This might be the reason why we
failed to find elevated cortisol in responses (hypercor-
ticolism) to the childcare entry and only children’s
instable profiles during this time. Fourth, we used a
machine learning approach to learn how variations of
the public care environment are associated with child-
ren’s stress response system. It allowed us to distill
those environmental factors from a large data set that
effectively associate with HPA axis activities of the
children. However, results are only explorational and
cannot replace statistical testing on a larger sample.
Fifth, the study focused on the childcare environment
and widely left influences of the family environment
out (except mother-child attachment). However, it
more precisely controlled for effects of the home envi-
ronments when evaluating effects of the public child-
care environments on children’s stress response
system during the entire transition. Sixth, we did not
include behavioral measures of children’s stress during
the transition because this issue would have over-
loaded the present article. Behavioral expressions,
however, are eventually important when wanting to
derive illustrative recommendations for child-
care practice.

The present article represents a time-consuming
and costly study, which is rare in childcare research.
We analyzed over one thousand cortisol values (four
measures per day and child), as we were convinced
we must map the diurnal course of the cortisol release
as children’s transitions from home to childcare might
be too complex to be explored only by two measures
(midmorning-midafternoon). We also collected many
additional factors that are known to influence the

childcare attendance (including attachment, various
child-related and environmental factors). In the end,
the extensive data collection alone did not help to
model children’s transition perfectly. The relatively
small sample size (104 children) caused limitations
(see above). Given that high costs were already in
place, future research on the stress response system
calls for national and international collaborations.
Taking this into consideration, researchers must find
ways to overcome one of the main hindrances, i.e.,
that cortisol data cannot be merged across research
labs because of different assay technology.
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