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ABSTRACT—Self-regulation ability is an important compo-
nent of children’s academic success. Physiological reactivity
may relate to brain activity governing attention and behavioral
regulation. Saliva samples collected from 186 preschool chil-
dren (101 boys, mean age = 53 months, 34% minority) before
and after a series of mildly challenging games and again 30 min
following the challenges were used to assess hypothalamic–pi-
tuitary–adrenal (HPA) (cortisol) and sympathetic nervous
system (SNS; alpha-amylase) activity. Behavioral regulation
was measured in delay of gratification and slow-down motor
activities included in the challenge task. Cortisol and alpha-
amylase were related differentially to aspects of behavioral
regulation. Low cortisol was related to classroom regulation
difficulties. Children with greater cortisol elevations following
the challenge task had poorer performance on the slow-
down motor task. Children with greater increases in salivary
alpha-amylase following challenge were less able to delay grat-
ification. Results suggest that HPA axis and SNS arousal may
contribute differentially to behavioral regulation ability.

Behavioral self-regulation is an essential component of chil-
dren’s ability to function effectively in a classroom learning
setting (Blair, 2002; Blair & Razza, 2007; McClelland et al.,
2007). In a national survey of kindergarten teachers, self-
regulation ability was rated as more important than basic
academic knowledge, such as letter and number recognition,
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for school readiness (Lewit & Baker, 1995). In a second national
survey, nearly half of the kindergarten teachers surveyed felt
that a substantial number of children in their classrooms
did not enter kindergarten with the self-regulation abilities
necessary to function effectively in the classroom learning
environment (Rimm-Kaufman, Pianta, & Cox, 2000). In addi-
tion to the contribution of self-regulation to academic success,
behavioral self-regulation difficulties contribute to aggression
problems (Gunnar, Sebanc, Tout, Donzella, & van Dulmen,
2003). Thus, identifying underlying mechanisms contributing
to children’s regulative ability is a worthy research goal.

Behavioral regulation skills, such as effortful control,
are important components of children’s self-regulation
(Kochanska, Murray, Jacques, Koenig, & Vandegeest, 1996).
These underlying behavioral regulation abilities may be a
component of children’s biologically based temperament
(Rothbart & Bates, 1998) and, as such, are likely shaped
by physiological processes relating to reactivity. The ability
to effectively regulate one’s own behavior is hypothesized to
be related to the development of centers relating to attention
focusing in the mid-prefrontal cortex, such as the anterior
cingulate gyrus (Davis, Bruce, & Gunnar, 2002). These brain
structures relating to attention focus and regulation are
influenced by physiological regulatory and stress response
systems such as the hypothalamic–pituitary–adrenal (HPA)
and sympathetic nervous systems (SNS).

In recent years, our understanding of behavioral corre-
lates of underlying physiological processes has progressed
dramatically (Kirschbaum & Hellhammer, 1994). Recently,
researchers have become interested in how different stress
systems may function independently and in conjunction to
contribute to or reflect ways in which we behaviorally engage
with the world (Bauer, Quas, & Boyce, 2002). Research exam-
ining both HPA and SNS systems simultaneously has found
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somewhat mixed results relating to social behaviors, such as
aggression, related to children’s regulative abilities (El-Sheikh,
Erath, Buckhalt, Granger, & Mize, 2008; Gordis, Granger,
Susman, & Trickett, 2006; Spinrad et al., 2009). Additional
research is needed to further understand how physiological
processes relate to behavioral regulation. In this study, we
build on previous research examining HPA and SNS system
activity in relation to children’s behavioral regulation abili-
ties by examining concurrent HPA and SNS activity relating
to children’s performance on two behavior regulation tasks.
HPA activity was measured by assessing salivary cortisol and
SNS activity was measured with salivary alpha-amylase (sAA;
Granger et al., 2006). Results of this study will increase our
understanding of how physiological activity may shape self-
regulation in ways that may contribute to children’s abilities to
effectively learn in classrooms and function in social settings.

Physiological Contributors to Behavioral Regulation
Both the HPA and SNS activities influence neurobiological
processes relating to effortful control and executive function-
ing thought to underlie behavioral self-regulation (Arnsten &
Li, 2005; Blair, Granger, & Razza, 2005). Dettling, Gunnar,
and Donzella (1999) found that cortisol increases across the
day in preschool classrooms were related to ratings of poorer
self-regulation ability. Gunnar et al. (2003) found that the com-
bination of surgency and poor self-regulation contributed to
cortisol elevations through the pathway of increased aggres-
sion but was directly associated with lower cortisol levels,
suggesting the associations between self-regulation and physi-
ological activity are likely complex. Donzella, Gunnar, Krueger,
and Alwin (2000) found that boys rated by teachers as lower
in effortful control had greater cortisol increases while playing
a competitive game. Spinrad et al. (2009) found that cortisol
elevations were associated with mothers’ ratings of effortful
control and sAA was associated with behavioral regulation,
but more so for girls than for boys.

Two studies concurrently examining effortful control or
executive function and cortisol have found more consistent
results (Blair et al., 2005; Davis et al., 2002). Higher (or at
least moderate) cortisol levels are associated with better
performance on behavioral inhibition tasks (Davis et al.,
2002), as are moderate cortisol elevations followed by a
return to baseline (Blair et al., 2005). Blair and colleagues
hypothesized that this association between moderate cortisol
levels and self-regulation resulted from corticoid binding in
mineralocorticoid (MR) and glucocorticoid receptors (GR)
in the brain (and specifically, the hippocampus, see de Kloet,
Oitzl, & Joëls, 1999; McEwen, 2007). Specifically, when MR
receptors, which have greater affinity for cortisol than do GR,
are filled and some GR receptors bind with available cortisol,
brain activity favoring attention, learning, and memory occurs.
However, under high-stress conditions, both MR and GR

receptors become filled, resulting in suppression of learning,
attention, and memory (de Kloet et al., 1999).

Similarly, animal research and research examining humans
with attention-deficit hyperactivity disorder suggest that
catecholamines, such as norepinephrine produced by SNS
activation, impact executive functioning and inhibitory
control by binding to !-2A-adrenoceptors, which are critical
to working memory and behavioral inhibition (Arnsten &
Li, 2005; Aron et al., 2007). Findings by Spinrad et al. (2009)
that moderate sAA increases across an emotion eliciting ‘‘not
sharing’’ task were associated with ratings of self-regulation
(especially for girls) are consistent with this model. In
summary, moderate elevations of cortisol and norepinephrine
(the catecholamine most closely associated with sAA
production; see Rohleder, Nater, Wolf, Ehlert, & Kirschbaum,
2004) in response to stress may be beneficial to underlying
cognitive processes necessary for behavioral regulation.

Researchers increasingly advocate for the concurrent
examination of multiple stress symptoms to understand
behavioral responses to stressful situations (Bauer et al.,
2002; Nigg, 2006). Studies examining HPA and SNS systems
together suggest that the two systems may interact in
important ways. Gordis et al. (2006) found that low cortisol
and high sAA predicted higher levels of aggression in early
adolescents, whereas high cortisol and high sAA predicted
internalizing difficulties. El-Sheikh et al. (2008) found that
school-age children with higher cortisol and sAA were more
likely to display internalizing difficulties. Toddlers displaying
higher sAA and lower cortisol were marginally less likely to
display approach behaviors in an interaction task (Fortunato,
Dribin, Granger, & Buss, 2008). Taken together, these results
suggest the importance of including both cortisol and sAA in
understanding children’s behavior.

The Current Study
In this study, our main interest was examining the contribution
of HPA and SNS activity to children’s behavioral regulation
abilities hypothesized to relate to classroom and home
measures of self-regulation. To examine this question, we
measured cortisol and sAA independently and in conjunction
as predictors of two behavioral tasks presumed to tap
children’s self-regulation ability. On the basis of previous
studies examining physiological activity and behavioral
regulation (Blair et al., 2005; Davis et al., 2002; Spinrad et al,
2009), we predicted that children who show moderate cortisol
and sAA elevations would show better behavioral regulation
across the two tasks. Although examination of interactions
between cortisol and sAA (Bauer et al., 2002) has shown mixed
results (El-Sheikh et al., 2008; Gordis et al., 2006; Spinrad
et al., 2009), we expect that concurrent moderate elevations
in both cortisol and sAA would be most predictive of more
effective regulation during the behavioral regulation tasks.
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Finally, based on studies suggesting that sAA (Spinrad et al.,
2009) and cortisol (Donzella et al., 2000) may have different
patterns of associations with self-regulation for boys and
girls, we examined sex as a moderator of this link (Spinrad
et al., 2009).

METHOD

Participants
All study procedures were approved by the Auburn
University Institutional Review Board. Participants (N =
186) were children (101 boys, mean age 53.25 months, 66%
Caucasian) in 4-year-old classrooms in 12 full-day preschools
participating in a local quality improvement initiative. The
racial characteristics of the sample were similar to the 2000
census data characteristics of the county, with 67% European
American, 26% African American, and 7% reporting mixed or
‘‘other’’ race. Seventy percent of the families had two parents in
the home. Most families (98.7%) had at least one parent who
was employed or a student. Among families with at least one
employed adult, socioeconomic status (SES) was measured
using occupational prestige scores based on parents’ reported
employment (Entwisle & Astone, 1994), with the higher of the
two scores used for dual-earner families. Scores ranged from
25 (e.g., unskilled labor, janitor) to 93 (professional), with a
median value of 68. Age, sex, SES, and minority status were
used as control variables in multivariate analyses.

Measures
Child Regulation and Effortful Control
Teachers completed the Social Competence and Behavior
Evaluation Scale—Short Form (LaFreniere & Dumas, 1996)
as part of a packet of measures on child adjustment. Six
items from this instrument relating to self-regulation (e.g.
‘‘Gets angry when interrupted,’’ ‘‘easily frustrated’’) were
standardized within classrooms and then averaged to give
a single score for teacher-rated child regulation difficulties
(! = .84). Teachers responded on a 6-point scale indicating
that a particular behavior never occurred (scored as ‘‘1’’) or
always occurred (‘‘6’’).

Parents (86% mothers, 14% fathers, grandparents, step-
mothers, or other custodial relative) reported on temperament
using the Children’s Behavior Questionnaire (CBQ; Rothbart,
Ahadi, Hershey, & Fisher, 2001). No differences were found
across responses from mothers and other relatives. Parent eval-
uations of child temperament were available from 153 parents.
We combined two of the temperament constructs relating to
behavioral regulation from the CBQ to give an overall effortful
control score (12 items, ! = .76). The temperament constructs
were attention focusing (seven items, e.g., ‘‘Shows strong con-
centration when drawing or coloring’’ and ‘‘Moves to another
task without completing initial task’’ [reverse scored]), and

effortful control (five items, e.g., ‘‘Waits before entering into
a new activity if asked to’’ and ‘‘Trouble sitting still when
told to’’ [reverse scored]). Means for parent-reported temper-
ament variables were similar to those reported in Rothbart
et al. (2001).

Challenge Task Procedure
During the spring of the academic year (March and April),
children participated in a series of mildly challenging ‘‘games’’
(Challenge Task) that included measures of inhibitory control
adapted from the battery developed by Kochanska et al. (1996).
Researchers spent at least 10 h in each classroom prior to con-
ducting the challenge task procedures so that children would
be comfortable interacting with the experimenter. Researchers
generated a random list of the children in the classroom
which was used to determine the order of child participation.
Approximately 20 min before the child was to participate in
the challenge task, researchers approached the child to invite
the child to participate and give the child a small cup of water
(4–8 oz) to rinse the oral mucosa and increase hydration for
providing saliva samples later. All children were willing to
participate in the activity and no child declined. When it
was time for the child to participate in the procedure, two
researchers accompanied the child to a room in the child’s cen-
ter (typically a library area or an unused classroom) designated
for research use by center administrators. The child was asked
to provide verbal consent to participate and was informed
that he or she could stop participating at any point. The
child was seated at a small table facing a video camera used to
record the entire procedure and was immediately asked to pro-
vide a saliva sample (prechallenge). Children provided whole,
unstimulated saliva samples by passive drool (Lisonbee, Mize,
Payne, & Granger, 2008). No saliva stimulants (such as gum
or Kool-Aid! crystals) were used in order to avoid potential
error due to interference (Talge, Donzella, Kryzer, Gierens, &
Gunnar, 2005). Also, because sAA concentrations vary across
parotid, submandibular, and sublingual salivary glands (Har-
mon, Towe-Goodman, Fortunato, & Granger, 2008), saliva
collection procedures using absorbent material, such as cot-
ton rolls or microsponges, may introduce variation in sAA
values as a result of saliva sampling location in the mouth.

Following the initial saliva collection, the researchers began
the challenge task procedure. Children were shown several
small toy prizes and allowed to choose an item to try to
win by playing the challenge games. The first game consisted
of a coordination game in which children dropped small
plastic bears through an elevated stand into a canister with
a hole in the lid. The children were then given a broken
toy instead of the expected desirable prize for completing the
‘‘bear drop game’’ (disappointment paradigm). The researchers
interviewed the children about their experience receiving the
broken prize and then the child was allowed to trade the
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broken toy for the original prize chosen. The children were
then asked to complete a series of three wooden puzzles
to win additional prizes. Some puzzles contained missing
pieces and had some extra pieces that did not go to the
puzzle (frustration paradigm). After giving the child 2 min
to attempt each puzzle, the researchers corrected the errors
and allowed the child to complete the puzzles. The children
were then given another prize hidden in a prize bag and
asked to wait alone for 2 min before looking in the bag to
get their prize (delay of gratification). Finally, the children
participated in an inhibitory motor control drawing task
(described below). The total time to complete all tasks
was approximately 30 min (M = 31.8 min; range 24–43 min).
Following the challenge tasks, children provided a second
saliva sample (postchallenge). Following the postchallenge
saliva collection, children remained in the challenge task room
and their classroom teacher was brought into the room. The
teacher was instructed to help the child build a pattern with
blocks and to read a book with the child. Children provided a
third saliva sample at the end of the teacher–child interaction
(60 min after the initial saliva collection) before returning
to their classroom. The initial procedure was primarily
designed to assess cortisol reactivity with the postchallenge
assessment occurring approximately 15–20 min following the
main stressors of the procedure (e.g., the impossible puzzle
task). Although each activity in the challenge task was
expected to be mildly stressful, it should be noted that,
because sAA levels tend to peak earlier than cortisol following
stress and not every challenge game was equally stressful, the
sAA and cortisol values likely reflect different points in the
physiological stress response for the two measures.

Cortisol
All samples were assayed for salivary cortisol using a highly
sensitive enzyme immunoassay US FDA (510 k) cleared for
use as an in vitro diagnostic measure of adrenal function
(Salimetrics, State College, PA). The test used 25 µl of saliva,
had a lower limit of sensitivity of 0.007 µg/dl (micrograms
per deciliter), range of sensitivity from 0.007 to 1.8 µg/dl, and
average intra- and interassay coefficients of variation of less
than 5 and 10%, respectively. The average of duplicate assays
for each sample was used in all analyses and units are reported
in µg/dl. Six samples in the prechallenge assessment, four in the
postchallenge, and three in the follow-up challenge condition
had cortisol values greater than 3 SD above the mean. These
values were recoded to be equal to 3 SD above the mean for the
analyses.

Alpha-amylase
Samples were assayed for sAA by Salimetrics. The assay pro-
cedure uses a chromagenic substrate, 2-chloro-p-nitrophenol,
linked to maltriose. The enzymatic action of sAA on this

substrate yields 2-chloro-p-nitrophenol, which can be spec-
trophotometrically measured at 405 nm using a standard
laboratory plate reader. The amount of sAA activity present
in the sample is directly proportional to the increase (over a
2-min period) in absorbance at 405 nm. Six sAA values in the
pre- and postchallenge samples and eight values in the follow-
up sample were greater than 3 SD above the mean. These values
were recoded to 3 SD above the mean for analyses.

BEHAVIOR REGULATION

Two of the challenge task procedures were used to assess
child behavior regulation. First, children’s delay of gratification
abilities were assessed with the gift bag procedure. A separate
team of researchers not involved in the administration of
the challenge task procedure later coded video recordings of
children’s behavior in this task. Coders rated the children
on a 5-point scale with ‘‘1’’ indicating child removed the gift
from the bag up to ‘‘5’’ indicating that the child did not even
touch the gift bag during the 2-min waiting period. Raters
independently coded 11% of the sample to assess reliability.
Kappa across the independent ratings of delay of gratification
score was .73 (p < .001). Also during the challenge task, each
child completed a slow-down motor drawing task in which
they were first given a picture depicting two poles with a
squirrel on the top of one of the poles. The child was instructed
to draw a line from one ‘‘pole’’ to the other for the squirrel to run
across (baseline). The children were then given an identical
page and told to draw the line as fast as they could. Finally, the
children were given an additional sheet and told to draw the
line as slowly as they could. The process was repeated with a
second set of drawings for which the children drew a circular
‘‘path’’ for a turtle to follow around a pond. Inhibitory control
was assessed by how effectively the child was able to slow
down to draw the line or circle during the slow-down trial
(Kochanska et al., 1996). Slow-down times were calculated as
the difference between baseline and slow trials. During the
task, two researchers used stop watches to independently
record the time elapsed between the child’s drawing start and
stop times. Intercoder agreement for the elapsed times was .93
for the squirrel and .99 for the turtle slow-down time. Squirrel
and turtle slow-down times were averaged to give a single
measure of slow-down inhibitory motor control (! = .83).

Additional Classroom Control Variables
Because children’s regulation ability may be related to
classroom influences, we included two classroom-level
variables: group size and teacher sensitivity. Both measures
were identified in previous studies as potential influences on
children’s physiology or behavior (Legendre, 2003; Lisonbee
et al., 2008). Because cortisol elevations have been associated
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with the total number of individuals in a group rather than
simply the number of children in the classroom (Legendre,
2003), group size was computed as the total number of children
on class rolls plus the number of teachers typically present as
reported by observers. Teachers’ insensitivity at the classroom
level was assessed using observer reports on the Caregiver
Interaction Scale (CIS; Arnett, 1989); the CIS consists of 26
items assessing teacher insensitivity (e.g., ‘‘threatens children to
control them’’ and ‘‘speaks warmly to the children’’ [reverse
scored]) rated on 4-point scales. Inter-rater reliability based
on 40% of the classrooms in the study was adequate ("1 = .81,
p < .001) and internal consistency was good (! = .96).

Analytic Strategy
Preliminary analyses examined descriptive data and associa-
tions among study variables in preparation for the multivariate
analyses. We examined the validity of the behavioral regulation
task data by comparing children’s performance in the two self-
regulation activities from the challenge task with reports of
regulative abilities from teachers and parents. Because children
in this study were nested within classrooms, and there was a
possibility for shared variance based on classroom influences,
we used Hierarchical Linear Modeling (HLM; Raudenbush &
Bryk, 2002; Raudenbush, Bryk, Cheong, & Congdon, 2004)
for the multivariate analyses.

RESULTS

Preliminary Analysis
Descriptive data for variables used in the study are presented
in Table 1. As is typical with physiological data, cortisol values
were substantially, and alpha-amylase values were moderately,
positively skewed. Accordingly, we applied a log10 transfor-
mation to normalize the cortisol distribution and a square root
transformation for the sAA values for use in all subsequent
analyses (Tabachnik & Fidell, 2001). Cortisol and alpha-
amylase values were highly stable for individual children across
the three challenge task saliva collections (! = .85 for cortisol,
! = .96 for alpha-amylase). Initial cortisol values were higher
than the postchallenge, F(1, 185) = 7.91, p < .001 and follow-
up cortisol values, F(1, 184) = 3.56, p < .001. Initial and
postchallenge sAA levels were not significantly different, but
there was a significant sAA increase from postchallenge to the
follow-up saliva collection, F(1,184) = !2.49, p < .05.

Analysis of variance comparing boys and girls on all behav-
ioral regulation and physiological variables showed only one
significant difference. Boys had a greater decrease in cortisol
across the ‘‘recovery’’ period than did girls, F(1, 183) = 6.11,
p < .05 (ms = !.06 and !.01, respectively). There was also a
trend for girls to show better delay of gratification ability than
boys, F(1, 181) = 3.53, p < .10. Several differences were found
for minority status and study variables. Minority children

Table 1
Descriptive Statistics for Study Variables

N M (Mdn) SD Min–Max

Regulation difficultiesa 158 0.01 0.77 !1.30 to 2.30
Delay of gratification 183 4.13 1.11 1.00–5.00
Slow-down motor 186 2.83 4.81 !5.91 to 28.12
Parent-rated effortful control 146 4.68 0.81 1.6–6.30
Pre-cortisol 186 0.16 0.10 0.04–0.52
Post-cortisol 186 0.13 0.09 0.03–0.48
Follow-up cortisol 185 0.12 0.08 0.03–0.47
Pre-sAA 185 56.76 42.73 1.7–181.00
Post-sAA 186 57.55 41.72 1.9–178.20
Follow-up sAA 185 60.77 43.86 1.7–184.32
Cortisol challenge change 186 !0.09 0.16 !0.39 to 0.53
sAA challenge change 185 0.01 0.17 !0.67 to 0.87
Cortisol recovery change 185 !0.04 0.14 !0.39 to 0.34
sAA recovery change 185 0.03 0.16 !0.56 to 0.63
Child age in months 186 53.25 4.20 36–67
Family SES 148 (65) — 25–93b

aTeacher responses standardized within classrooms prior to constructing scale.
bDoes not include families reporting that there were no employed adults in their
households. sAA = salivary alpha-amylase; SES = socioeconomic status.

were more likely to look in the gift bag in the delay of grati-
fication task, F(1, 181) = 9.17, p < .01. Also, minority children
had higher sAA at all collection points than did Caucasian
children, Fs(1, 184) = 18.26 for follow-up sAA to 37.11 for
prechallenge sAA, all ps < .001. This is consistent with El-
Sheikh et al. (2008) and Granger et al. (2007), who reported
significantly higher sAA values for African American children
than for Caucasian children. When we examined subgroups
of minority status, post hoc tests (LSD) showed that both
African American and other or mixed race children had higher
initial sAA values in comparison with Caucasian children,
F(2, 183) = 18.89, p < .001, but only Caucasian and African
American children differed in sAA for the postchallenge and
follow-up assessments. Also, minority children showed greater
sAA decreases from pre- to postchallenge, F(1, 184) = 5.02,
p < .05. Similarly, there was a trend for minority children to
show greater cortisol decrease across the challenge condition,
F(1, 185) = 3.20, p < .10.

Correlations among behavioral regulation and control vari-
ables are presented in Table 2. Both parent and teacher ratings
of behavioral regulation were associated with regulation abil-
ity measured in the challenge task. However, parent reports
of behavioral regulation ability were unrelated to teacher
reports of regulation difficulty in the classroom. Associations
among physiology measures, behavioral regulation, and demo-
graphic data are shown in Table 3. Low cortisol levels (pre-
and postchallenge) were associated with teacher ratings of
regulation difficulties in the classroom. Lower initial sAA and
increases in sAA across the challenge task were associated with
better delay of gratification. Higher post- and recovery cortisol
and sAA values were associated with less ability to slow-down
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Table 2
Correlations Among Behavioral Regulation and Control Variables

Measures 2 3 4 5 6 7 8

Regulation
difficultiesa

!.17" !.21"" !.02 !.08 !.02 .04 !.09

Delay of
gratificationb

.06 .21" .14+ !.22" !.05 !.01

Slow-down
motorc

.16+ !.06 !.05 .21" .15"

Effortful
controld

.07 !.08 .08 !.08

Sex of childe !.01 .31""" !.14
Minorityf !.39"" .12
SES !.22""

Age in months

aRated by classroom teachers. bHigher scores indicate better delay of gratification
ability. cHigh scores indicate greater difference between baseline and slow trial.
dReported by parents. eGirls = 1, boys = 0. f Minority coded as 1, Caucasion coded
as 0. SES = socioeconomic status.
+p < .10. "p < .05. ""p < .01. """p < .001.

motor activity (‘‘slow’’ times were faster for children with
higher cortisol and sAA following the challenge task).

To test the possibility of curvilinear associations among the
biomarkers and effects relating to cortisol and sAA and behav-
ior regulation, we examined associations between quadratic-
transformed physiological variables and behavior regulation.
Associations were similar for both linear and quadratic phys-
iological variables, with the strength of association being
stronger for the linear, rather than curvilinear, patterns.

Multivariate Analyses
We initially created two multilevel models to sepa-
rately examine associations between the biomarkers and

Table 4
Summary of Hierarchical Linear Model for Cortisol Predicting
Behavior Regulation in the Challenge Task

Delay Slow-down

Variable B t value B t value

Level 1
Sex of child 0.34 2.08" !0.28 !0.48
Minority !0.57 !3.28"" !0.33 !0.48
SES !0.00 0.01 0.01 0.54
Age 0.00 0.19 0.17 2.20"

Prechallenge cortisol 0.28 0.63 !2.54 !1.62
Challenge cortisol change !0.29 !0.47 !4.36 !1.98"

Recovery cortisol change 0.26 0.37 0.39 0.16
Classroom level

Group size 0.02 1.07 0.03 1.08
Teacher sensitivity 0.04 0.35 0.04 0.35

SES = socioeconomic status.
"p < .05. ""p < .01.

performance on the behavioral regulation tasks. Level 1
contained the child-level variables including demographic
variables, the initial cortisol or sAA levels (prechallenge), and
measures of change across the challenge and the teacher–child
interaction (recovery). Level 2 (classroom level) included the
control variables of group size and teacher insensitivity. The
initial unconditional model showed that over 90% of the vari-
ance in slow-down behavior and 99% of variance in delay of
gratification were attributable to child, rather than classroom,
influences. Results of HLM analyses are given in Tables 4
and 5. When including control variables and initial cortisol
or sAA levels, cortisol increases across the challenge task pre-
dicted less ability to slow-down motor behavior in the drawing
task. Conversely, sAA increases in both the challenge task and

Table 3
Correlations Between Cortisol and sAA Variables and Child Behavior Regulation

Behavioral regulation Demographics

Regulation
difficulties

Delay of
gratification

Slow-down
motor

Parent-rated
effortful control Sex Minority SES Age

Pre-cortisol !.26"" .07 !.11 !.07 .03 .00 !.02 !.00
Post-cortisol !.18" .08 !.18" !.06 .05 !.06 !.10 .05
Follow-up cortisol !.08 .07 !.15" !.16+ !.06 !.04 !.12 .07
Pre-sAA .06 !.16" !.12 .09 !.05 .41""" !.13 .09
Post-sAA .06 !.05 !.18" .08 !.01 .31""" !.14 .05
Follow-up sAA .12 !.02 !.14+ .11 .03 .30""" !.14+ .04
Cortisol challenge changea .12 .00 !.08 .02 .01 !.13+ !.15+ .07
Cortisol recovery .16" !.04 .06 !.14+ !.18" .08 !.01 .03
sAA challenge change !.04 .18" !.08 !.05 .10 !.16" !.00 !.06
sAA recovery .14+ .11 .08 .10 .10 !.04 !.07 .01
Average cortisol !.20" .08 !.16" !.02 !.05 .11 !.14 .03
Average sAA .08 !.08 !.15" .13 !.03 .31"" !.13 .07

sAA = salivary alpha-amylase.
+p < .10. "p < .05; ""p < .01; """p < .001.

176 Volume 4—Number 4



Stress and Behavioral Regulation

Table 5
Summary of Hierarchical Linear Model for sAA Predicting Behavior
Regulation

Delay Slow-down

Variable B t value B t value

Level 1
Sex of child 0.25 1.60 !0.51 !0.87
Minority !0.45 !2.56" 0.11 0.16
SES !0.00 !0.79 0.02 0.95
Age 0.00 0.14 0.16 2.10"

Prechallenge sAA !0.02 !0.68 !0.14 !1.01
Challenge sAA change 1.11 2.10" !0.97 !0.50
Recovery sAA change 1.12 2.05" 1.42 0.71

Classroom level
Group size 0.03 1.09 !0.15 !1.17
Teacher sensitivity 0.02 0.23 !0.05 !0.07

sAA = salivary alpha-amylase; SES = socioeconomic status.
"p < .05.

the teacher–child interaction recovery time predicted better
ability to delay gratification.

To test the hypothesis that cortisol and sAA would interact
to predict behavioral regulation, we introduced cortisol and
sAA values along with an interaction term of the product of
cortisol and sAA in HLM models separately predicting delay
of gratification and slow-down motor activity. The interaction
of cortisol and sAA predicted neither behavioral regulation
measure. Similarly, to test potential differences in associations
between physiology and behavior regulation for boys and
girls, we created interaction terms for cortisol and sAA and
gender. No significant associations were found for either delay
of gratification or slow-down motor activity. There was a
trend, however, for the association between the interaction
of minority status and prechallenge sAA predicting slow-
down motor activity (B = !8.13, t = !1.91, p < .10). Minority
children with higher initial sAA values showed a tendency to
slow down less in the inhibitory control drawing task.

DISCUSSION

The human physiological stress response systems serve
important regulative functions (Sapolsky, 2004). Moderate
levels of cortisol and norepinephrine (a precursor of sAA
production in response to stress) are theoretically important
for attention and behavior regulation ability. This study
examined correlates of HPA and SNS system activity and
children’s regulative behavior assessed concurrently with
physiological activity. This research extends previous work
by using a relatively large, community-based sample and data
from multiple sources (parents, teachers, and children). The
overall results of this study corroborate and extend previous
research examining physiology and behavior regulation in

children by suggesting that some aspects of the physiological
stress response may contribute to behavioral regulation ability.
Of note, increases in alpha-amylase were related to greater
ability to delay gratification, whereas cortisol increases were
related to poorer slow-down motor regulative ability. Taken
together, these findings suggest that SNS arousal may be
beneficial for regulation in some settings, whereas HPA
activation may have negative effects on regulative abilities
underlying self-regulation.

Behavioral Regulation
In our preliminary analyses, we found support for the idea
that inhibitory control underlies child regulation observed in
classrooms (Carlson & Moses, 2001), with delay of gratifi-
cation difficulty and poorer slow-down motor performance
each predicting more teacher-reported regulation difficul-
ties. Children’s performance on the delay of gratification
task also significantly predicted parent-rated regulation and
slow-down motor ability marginally predicted parent-rated
regulation. Interestingly, although children’s performances on
both inhibitory control tasks were related to parent and
teacher reports, parent and teacher reports were not corre-
lated. This may be because of different types of behaviors
teachers and parents see in the home and school settings
(Culp, Howell, Culp, & Blankemeyer, 2001; Manz, Fantuzzo,
& McDermott, 1999). Teachers may observe behaviors relating
to peer interaction difficulties, whereas parents may see prob-
lems relating to conformity with normative expectations. Also
surprisingly, child performance on the delay of gratification
and slow-down motor tasks was uncorrelated. Taken together,
findings of nonsignificant associations among measures that
presumably assess components of a single construct suggest
that behavioral regulation is complex and multifaceted. Gun-
nar et al. (2003) suggested that traditional research strategies
assessing behavior regulation may be flawed because of dif-
ferences in approach versus withdrawal components of child
behavioral regulation. In this study, although both behavior
regulation tasks were thought to be inhibitory in nature, the
slow-down motor drawing task likely required more ‘‘active’’
behavioral suppression to overcome the prepotent response
of drawing quickly, which had been primed by the previous,
‘‘fast’’ drawing trial. The delay of gratification task, on the
other hand, required more passive inhibition.

Preliminary analyses also identified several potential child
influences on behavioral regulation. Although children did not
differ as a function of sex, ethnicity, age, or SES on any of
the teacher- or parent ratings of child regulation, there were
differences on the behavioral tasks. There was a trend for girls
to show better delay of gratification than boys, and minority
children performed more poorly on the delay of gratification
task. Higher SES children and older children were better able to
slow down their drawing. The age effect was expected, given
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children’s rapid motor development during the preschool
years. Higher SES children may perform better because of
greater maturity demands from parents and teachers or other
differences relating to experience across children.

Descriptive analyses of the physiological variables suggest
that sAA, but not cortisol, followed the expected increase
followed by decrease from pre- to postchallenge and then
across recovery. Cortisol levels were highest in the prechal-
lenge condition, decreasing across both subsequent samplings.
Considerable variability was evident at each sampling point.
The finding that initial cortisol levels, and to some extent
sAA levels, were relatively high in comparison with other
measurement points suggests that the initial levels may not be
indicative of true resting, ‘‘baseline’’ values. Participants may
have experienced anticipatory stress in preparation for the
out-of-class challenge activity. Moreover, the stress may have
contributed to difficulties with self-control (Starcke, Wolf,
Markowitsch, & Brand, 2008). However, there were no chil-
dren who refused participation in the challenge task and most
children seemed eager to ‘‘play the research games,’’ the antic-
ipatory stress hypothesis seems unlikely. For preschool-age
children, no studies involving challenges aimed at eliciting fear
or frustration have succeeded in eliciting a cortisol response
(see Gunnar, Talge, & Herrera, 2009 for review). Addition-
ally, procedures that remove children from their classrooms
(Rappolt-Schlichtmann et al., 2009) tend to result in cortisol
decreases, rather than increases (Adam, Klimes-Dougan, &
Gunnar, 2007). Thus, even when ‘‘challenging,’’ the out-of-
class activity may be less stressful than the normal classroom
environment. In this study, researchers spent a minimum of
10 h volunteering in each of the classrooms prior to carrying
out the challenge task procedures. Therefore, the children were
familiar and comfortable with the researchers, likely reduc-
ing the likelihood of the children experiencing HPA system
activation. To better understand associations between phys-
iological changes and behavior in laboratory-type conditions,
researchers should examine or control for potential conditions
that may influence ‘‘baseline’’ physiological measures, such
as classroom stress levels, as well as characteristics of the
research activities and researchers that may result in stress
hormone decreases.

Associations Between Physiological Measures
and Behavior Regulation
The negative association between cortisol and teacher-
reported regulation difficulties supports previous research
suggesting that low cortisol is related to regulation problems
in the classroom (Shirtcliff, Granger, Booth, & Johnson, 2005).
Alpha-amylase levels were unrelated to classroom behavior
difficulties. No physiological variables predicted parent ratings
of effortful control, but there was a trend for lower cortisol
levels at the recovery assessment as well as cortisol decrease
across the teacher–child interaction to be associated with

better parent-reported effortful control. Most likely, children
with better effortful control had better relationships with
teachers and, therefore, found interacting with the teacher
less stressful (Lisonbee et al., 2008).

Physiology and Behavioral Regulation
We found only tentative support for our hypothesis that
physiological arousal would be related to better self-regulation
ability. Different patterns of association were evident for delay
of gratification and slow-down motor control. Cortisol was
unrelated to delay of gratification, but higher initial sAA levels
were associated with delay of gratification difficulty, whereas
increases in sAA across the challenge task were associated with
better delay of gratification. This suggests that successful delay
of gratification requires that the child marshal resources of the
central nervous system, but that the nervous systems of better
functioning children are more quiescent when demands are
not placed on them (Aron et al., 2007).

Minority children may be primed to be more cautious in
approaching interactions with adults in perceived positions
of authority (Pigott & Cowen, 2000), potentially resulting in
higher sAA levels. This study is the third to identify higher
sAA levels in African American children (infants in Granger
et al., 2007 and school-age children in El-Sheikh et al., 2008).
Researchers should examine cultural, societal, or biological
influences that may account for sAA differences across groups.

Both cortisol and sAA levels following the challenge task
procedure and then at the ‘‘recovery’’ assessment following
the teacher–child interaction were inversely related to
performance on the motor inhibition drawing task (although
recovery values were only marginally significant for sAA). This
means that children with higher cortisol and sAA levels had
more difficulty slowing down during the drawing task than
did children with lower sAA and cortisol levels. This finding
runs counter to our hypothesis that physiological arousal
would relate to better behavioral regulation. Because this
finding was only for absolute levels of sAA and cortisol, not
for physiological change, and this condition was only for the
post- and recovery measures, it may be that these associations
reflect a lack of return to baseline following a stressor (or
initial high level of physiological arousal). Future studies
should examine this possibility by examining patterns of
stability or change in physiological measures across behavioral
assessments.

Multivariate Analyses
In HLM models controlling for demographic characteristics
and initial physiological values, increases in sAA across both
the challenge and the recovery periods predicted better delay
of gratification ability. This finding extends the bivariate
association discussed previously because this suggests that
the positive association between sAA increase and delay of
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gratification holds even while controlling for demographic and
initial sAA influences. However, cortisol increases predicted
less ability to slow-down motor activity in the drawing task.
Taken together, these two findings suggest that SNS activity
may be beneficial for regulation relating to delay, whereas HPA
activity may interfere with motor regulation ability.

There were no significant interactions between SES or child
sex and physiological measures in predicting behavioral reg-
ulation. Contrary to expectations, there was no interaction
between cortisol and sAA in predicting either delay of grat-
ification or slow down in the drawing task. The interaction
had been predicted based on previous findings regarding the
coordination, or lack thereof, of the HPA and SNS systems
(Bauer et al., 2002; El-Sheikh et al., 2008; Gordis et al., 2006;
Keller & El-Sheikh, 2009). This failure to replicate previous
patterns may be because of differences in outcomes examined.
Although Gordis and El-Sheikh each examined internalizing
and externalizing difficulties, we looked specifically at behav-
ior regulation ability thought to underlie regulation difficulties.
In spite of the lack of interaction between cortisol and sAA in
predicting behavior in this study, because cortisol and sAA pre-
dicted different aspects of behavioral regulation contributing
to classroom self-regulation, researchers should continue to
study HPA and SNS activity together to more fully understand
how different physiological systems shape behavior.

Application to Education
Self-regulation is essential for optimal learning in classroom
settings (Tangney, Baumeister, & Boone, 2004). Consistent
with other studies identifying associations between low
cortisol and poor regulation (Gunnar & Vazquez, 2001), low
cortisol levels across the challenge task procedure were related
to teacher ratings of regulation difficulties in the classroom.
However, in the challenge condition, HLM analyses suggested
that moderate sAA elevations predicted better ability to delay
and low (or decreasing) cortisol predicted better ability
to slow-down motor behavior. These results highlight the
idea that, while physiological activity may relate to behavior
regulation, different systems may be related to different aspects
of regulatory behavior.

Limitations
Perhaps the biggest limitation of our study was the
methodological approach to assessing physiological activity.
The 30-min long challenge task and 30-min ‘‘recovery’’
period may not be ideal durations for assessing physiological
reactivity. The order of the challenge task activities was
such that the tasks expected to be most stressful for children
occurred 15–20 min prior to the postchallenge saliva collection.
Because sAA peaks much more rapidly following a stressor
in comparison with cortisol, peak sAA levels were likely
missed. This methodological limitation may limit our ability to

accurately assess interrelations between the two physiological
systems. Also, because of differences in timing, it is difficult to
ascertain exactly what each physiological measure is assessing.
For instance, initial cortisol and sAA values may reflect
classroom or child effects, such as anticipation or novelty
related to the task. An additional limitation to this study is
that it is impossible to ascertain direction of effect or dismiss
the effect of third variables contributing to both physiological
activity and behavioral regulation. Although the results from
this study contribute to our overall knowledge of physiology
and behavior in preschoolers, caution should be exercised in
interpreting these results.

CONCLUSION

Behavioral self-regulation is an important contributor to
children’s academic success (McClelland et al., 2007). Activity
in both the HPA and SNS systems, whether across the day
as part of circadian fluctuations or in reaction to stressful
conditions, is associated with behavior and regulation ability.
As we continue to learn more about the relations between
physiology and behavior, we may be able to design learning
environments to meet the individual physiological response
patterns of children to help children regulate their behaviors.
Future research should continue to explore physiological
correlates of behavior in order to best serve children’s learning
needs.
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