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Abstract

The present study tested whether pet dogs have stress-buffering effects for children
during a validated laboratory-based protocol, the Trier Social Stress Test for Children
(TSST-C). Participants were 101 children aged 7—12 years with their primary caregiv-
ers and pet dogs. Children were randomly assigned in the TSST-C to a pet present
condition or one of two comparison conditions: parent present or no support figure
present. Baseline, response, and recovery indices of perceived stress and cortisol lev-
els were computed based on children’s self-reported feelings of stress and salivary
cortisol. Results indicated that in the alone (no social support) condition, children
showed the expected rise for both perceived stress and cortisol response to stress. Pet
dog presence significantly buffered the perceived stress response in comparison to
children in the alone and parent present conditions. No main condition effect was
observed for cortisol; however, for children experiencing the stressor with their pet
present, lower cortisol response to stress was associated with more child-initiated pet-
ting and less dog proximity-seeking behavior. The results support the notion that pet
dogs can provide socio-emotional benefits for children via stress buffering.

Keywords: pet dogs; Trier Social Stress Test; perceived stress; cortisol

Introduction

Pet dogs have a notable impact on the lives of children. More than 40 percent of
American families with children have a pet dog (American Pet Products Associa-
tion, 2014). Pet dogs have been proposed to benefit children by reducing anxiety
and facilitating social interactions (e.g., Hoffmann et al., 2009; Kruger & Serpell,
2006). However, the research literature on potential benefits of child-dog interaction
is scant. Dogs have been shown to promote positive affect and reduce problem
behavior among typically developing and developmentally disordered children (e.g.,
Anderson & Olson, 2006; Kotrschal & Ortbauer, 2003). Other potential socio-
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emotional benefits of pet dogs for children include increased autonomy, self-
concept, and empathy (Barker & Wolen, 2008). However, the bulk of this research
has been descriptive, and relatively few experimental studies have been conducted
to rigorously test commonly held beliefs about the benefits of pet ownership for
children. Moreover, the mechanisms by which pet dogs may confer emotional
health benefits for children are still unclear.

One potential mechanism may be via social buffering of stress responses. Dur-
ing childhood, emotional and physiological responses to stress are still developing
(Eisenberg, Spinrad, & Eggum, 2010), and children possess less mature internal
cognitive resources to self-regulate stress responses compared to adults (Cole,
Michel, & Teti, 1994). As such, social regulation of stress responses provided by
supportive figures, such as family members, is essential for children’s adaptive
socio-emotional developmental outcomes (Gunnar & Donzella, 2002). The social
buffering hypothesis has gained increasing traction over the past several decades as
a means by which supportive social relationships may reduce responses to stressful
or threatening events (Cohen & Wills, 1985; Hennessy, Kaiser, & Sachser, 2009;
Hostinar, Sullivan, & Gunnar, 2014). In the developmental literature, social buffer-
ing has primarily focused on infancy and early childhood, with little research con-
ducted in middle childhood (Hostinar et al., 2014).

We focused on typically developing children aged 7—12, based on social and
emotional developmental changes in middle childhood. First, children of this age
can reliably self-report feelings of stress (Achenbach, McConaughy, & Howell,
1987), owing partly to the development of metacognitive abilities (Grazzani &
Ornaghi, 2012). Second, social stressors reliably elicit a cortisol response in this age
group (Gunnar, Talge, & Herrera, 2009). Extensive research has shown that social
evaluation is one of the most reliable elicitors of the cortisol stress response (Dick-
erson & Kemeny, 2004). Seven- to twelve-year old children, compared to younger
children, more regularly engage in self-reflective perspective taking, viewing their
behavior from another’s point of view (Cillessen & Bellmore, 1999; Selman, 1976).
As a result, during middle childhood, self-concept more frequently involves social
comparisons and is influenced by feedback from others (Cole et al., 2001; Harter,
1998). A consequence of these developmental changes relevant to stress research is
that social evaluation becomes a salient stressor beginning in middle childhood.

Third, by middle childhood the amount of time children spend with parents
declines dramatically compared to earlier ages (Lam, McHale, & Crouter, 2012).
Simultaneously, parents typically engage in coregulation with children, exercising
general oversight while shifting control of moment-to-moment decisions to children.
Correspondingly, children start to utilize less parental support for stress coping
(Kerns, Tomich, & Kim, 2006). Parental support is partially replaced by reliance on
a broader network of social support figures compared to infancy and early child-
hood including pets (Bryant, 1985). This developmental change necessitates studies
on social buffering resources other than parental figures for older children. This
research is essential as there is solid evidence that the social environment during
development has permanent, programming effects on the stress response system
(Lupien, McEwen, Gunnar, & Heim, 2009). In addition, emotional and physiologi-
cal responses to stress during childhood are known risk factors for internalizing and
externalizing problems in childhood, as well as stress-related disorders in adulthood
(Ingram & Price, 2010). An examination of stress buffering during childhood,
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therefore, is important to further the understanding of developmental trajectories of
risk and resilience for stress-linked emotional, behavioral, and physical health
problems.

The few studies examining stress buffering effects of child—dog interaction have
mostly been conducted in medical settings (Beetz, Uvnas-Moberg, Julius, & Kotrs-
chal, 2012; Hansen, Messinger, Baun, & Megel, 1999; Havener et al., 2001; Nagen-
gast, Baun, Megel, & Leibowitz, 1997). These studies show inconsistent results, as
some documented significant stress-reducing benefits of pet dogs (e.g., Nagengast
et al., 1997), but others did not (e.g., Havener et al., 2001). These discrepancies are
likely due in part to diverse, uncontrolled effects of a variety of medical procedures
and hospital stays on emotional or physiological stress. Human-animal interaction
(HAI) research with adults has provided some support for the idea that interaction
with dogs has stress-reducing benefits (Barker & Wolen, 2008). Adults undergoing
a laboratory stress task in the presence of a pet dog show reduced physiological
response (heart rate, blood pressure, skin conductance) compared to adults under-
going the same task alone; in contrast, adults undergoing the task in the presence of
a human friend showed elevated autonomic stress response compared to those per-
forming the task alone (Allen, Blascovich, Tomaka, & Kelsey, 1991). Allen et al.
(1991) have suggested that pet dogs provide non-evaluative companionship to own-
ers that reduce stress responses compared to more evaluative human companions.

The bulk of the research on stress-buffering effects of HAI has focused on the
autonomic component of the biological stress system, as indexed by heart rate,
blood pressure, or skin conductance. Although autonomic activity plays a key role
in mobilizing the body’s fast-acting response to threat, the emotional component of
stress and the cortisol response to stress are arguably more relevant for long-term
developmental consequences. Emotional and cortisol stress responses impact neural
activity in developing prefrontal and limbic brain regions that control stress-related
memory, emotion, and enduring changes in stress responsivity (McEwen, 2008).
Moreover, perceived stress during childhood has been linked with emotional and
behavioral problems as well as maladaptive coping styles (e.g., Dieleman, van der
Ende, Verhulst, & Huizink, 2010; Hampel & Petermann, 2006). A proportional and
time-limited cortisol response to stress can be adaptive in the face of an immediate
danger or threat. However, disproportionate, frequent, or prolonged activation has
been linked with multiple forms of psychopathology and related alterations in
amygdalar and hypothalamic functioning (e.g., Dieleman et al., 2010; Vaisvaser
et al., 2013).

Perceived stress and cortisol responses to stress are largely orthogonal dimen-
sions of stress responding (Campbell & Ehlert, 2012). Whereas perceived stress
reflects processes that are consciously accessed, cortisol responses to stress are not
part of conscious awareness but also shape emotional and physiological responses
to future stressors. Two studies with adults have examined both perceived stress
(self-reported anxiety) and cortisol response to stress in the presence or absence of
an unfamiliar friendly dog. However, these two studies yielded contradictory find-
ings, with one study reporting a buffering effect of the unfamiliar dog’s presence
for state anxiety but not cortisol, and the other showing the reverse pattern (Lass-
Hennemann, Peyk, Streb, Holz, & Michael, 2014; Polheber & Matchock, 2014).
There is only one published study reporting lower cortisol during the recovery
phase of a stress protocol. However, that study compared the effects of an unfami-
liar live dog to a toy dog and was conducted with boys recruited primarily from

©2016 John Wiley & Sons Ltd Social Development 00, 00, 2016



4 Darlene A. Kertes, Jingwen Liu, Nathan J. Hall et al.

special education schools (Beetz, Julius, Turner, & Kotrschal, 2012). To date, the
question of whether dogs buffer children’s cortisol responses has not been tested in
an unselected sample.

There are no studies empirically testing whether dogs buffer children’s per-
ceived stress responses. Among adults, social support figures buffer perceived stress
via provision of emotional/companionship support as well as informational and
instrumental support (Lakey & Cohen 2000). Children and adolescents report
emotional/companionship support as more effective in reducing emotional distress
compared to informational/instrumental support (e.g., Caserta, Punamaki, & Pirttila-
Backman, in press). Whereas guide, therapy, or rescue animals are trained to pro-
vide instrumental support, among typically developing children, pet dogs’ support is
generally emotional/companionship in nature. With developmental changes in mid-
dle childhood leading to improved ability to engage in self-reflective thought
(Achenbach et al., 1987), increased attention to self-evaluation (Cole et al., 2001;
Harter, 1998), decreasing reliance on parents for stress coping (Kerns et al., 20006),
and increased reliance on pets for emotional support (Bryant, 1985) it is plausible
that dogs’ companionship during a stressor may buffer children’s perceived stress.

Additional limitations of prior research are that most studies (in both adults and
children) have utilized unfamiliar animals and participants comprised of both pet-
and non-pet owners (e.g., Allen, Blascovich, & Mendes, 2002; Demello, 1999;
Kingwell, Lomdahl, & Anderson, 2001). The use of unfamiliar animals as well as
participants varying in pet ownership has likely contributed to the mixed findings in
the literature. Indeed, research with adults has shown that presence of a dog lowers
heart rate and blood pressure only among pet owners (Allen et al., 2002; Kingwell
et al., 2001). Among non-owners, heart rate is higher in the presence of a dog
(Kingwell et al., 2001). Dog owners may reap greater benefits from interaction with
dogs based on their history of pet ownership. Moreover, a potential stress-buffering
effect may be maximal in the presence of one’s own pet dog, as both children and
adults report strong feelings of emotional attachment toward their pet dogs (Daly &
Morton, 2006; Kurdek, 2008; Serpell, 1996).

The present study advances research on the potential stress-buffering effect of
HAI in childhood by examining perceived stress and cortisol responses to stress
among pet-owning children in a controlled laboratory experiment. Based on evi-
dence that pet ownership impacts whether dogs can confer a stress-buffering effect
(Allen et al., 2002; Kingwell et al., 2001), and that children form strong social
bonds to pet dogs (Westgarth et al., 2013), we tested whether pet dogs would buffer
stress responses among children. In contrast to most prior studies utilizing unfami-
liar dogs (e.g., Beetz, Julius, et al., 2012; Friedmann, Katcher, Thomas, Lynch, &
Messent, 1983), this study was conducted with children and their own pet dogs. To
rigorously test the potential stress-buffering effect of pet dogs, we utilized a well-
established laboratory-based paradigm, the Trier Social Stress Test for Children
(TSST-C, Buske-Kirschbaum et al., 1997). Based on prior research using the TSST,
we anticipated that results for perceived stress and cortisol stress responses may
diverge (see for review Campbell & Ehlert, 2012). Nevertheless, as a direct test of
the potential buffering effect of pet dogs we hypothesized that children experiencing
the TSST-C in the presence of their pet dog would show lower perceived stress and
cortisol response to stress in comparison to children experiencing the TSST-C with-
out their pet dog present. As a robust test of the stress-buffering effect of pet dogs
specifically, we also compared the stress-buffering effect of pet dog presence against
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a second group in which social support was provided by presence of a parent during
the TSST-C.

A secondary aim specifically targeted the subset of children experiencing the
stressor in the presence of their pet. Research has documented that forms of interac-
tion between a child and pet dog can vary widely (Millot & Filiatre, 1986; Millot,
Filiatre, Gagnon, Eckerlin, & Montagner, 1988). Anticipating that pet dog behavior
and child-pet relationships would naturally show some variation even in an experi-
mental paradigm such as the TSST-C, a secondary aim of this study was to test
whether individual differences in child-dog interaction impacted the stress-buffering
effect of pet dogs. Prior research suggests that dogs show differences in a variety of
personality dimensions such as ‘aggression’, ‘playfulness’, and ‘sociability’ (Svart-
berg, Tapper, Temrin, Radesater, & Thorman, 2005). Recent research in our lab has
demonstrated that children report more positive emotional feelings toward pet dogs
if the dogs are responsive to their communicative gestures (Hall, Liu, Kertes, &
Wynne, 2016). Presumably, child-dog dyadic interaction during the TSST-C may
impact the social buffering effect the dog may provide. However, no prior studies
examining the stress-buffering effect of dog presence have assessed dog behaviors
during the study and whether variation in these behaviors is related to stress
responses. Prior research with adults demonstrates that petting and social interaction
induces physiological changes in humans, including reductions in cortisol along
with increases in (-endorphins, prolactin, B-phenylethylamine, oxytocin, and dopa-
mine (Miller et al., 2009; Nagasawa et al., 2015; Odendaal & Meintjes, 2003).
However, impacts of human—dog interaction with phenotypes similar to perceived
stress (i.e., state anxiety) have been reported less consistently (Lass-Hennemann
et al., 2014; Polheber & Matchock, 2014). The present study assessed child—dog
interaction via behavioral coding of the child-dog dyad during the TSST-C. We
hypothesized that for children in the pet present condition, lower perceived or corti-
sol stress response would be observed for dyads in which dogs sought out and
remained near the child (dog initiated interactions) or dyads in which children
actively engaged the dog (child initiated interactions).

Method
Participants

Participants were recruited from North Central Florida via locally distributed flyers,
radio and TV advertisements, and direct mailings. Interested families contacted the
research lab and a brief telephone screening survey was used to determine eligibil-
ity. Eligible children were between the ages of 7 and 12 years with no diagnosed
medical conditions and not currently using steroid or hormonal medications. To be
included in the study, the pet dog must have lived in the household for at least the
past six months and have no history of aggression.

The total sample included 101 typically developing children (M age = 10.2
years, SD = 1.31; 51 boys). Child ethnicity was reported by parents as follows: 11
percent Hispanic; 89 percent non-Hispanic. Child race was reported as follows: 85
percent White, 7 percent two or more races; 3 percent Latino; 2 percent Native
American; 2 percent African American, and 1 percent Asian. Median parent educa-
tion was college degree, ranging from partial high school to graduate or professional
degree.
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Procedure

Children participated in the study along with their primary caregivers (81 percent
mother) and pet dogs at the research laboratory at the University of Florida. If mul-
tiple dogs resided in the home that met inclusion criteria, the family chose which
dog they preferred to accompany the child based on the child-pet relationship. Chil-
dren were assigned to one of three conditions in a stratified random sample (pet
present, parent present, or alone), such that child sex was balanced across the three
conditions. To control for the circadian rhythm in basal cortisol production, all lab
visits were blocked to two start times, 10:00 am or 3:30 pm, balanced across the
three conditions.

At the time of scheduling, parents were told that that the study was about child-
ren’s stress, and how parents and pets help children cope with stress. No hypotheses
were revealed to parents or children prior to the study, and families were unaware
prior to the study of the multiple conditions. As is customary for a TSST-C study,
parents were told that the study would involve the child doing ‘school-like tasks’ in
front of two adults and providing saliva samples but were asked not to provide
details to the child ahead of time. Parents were asked to refrain from giving their
child any dairy products at least 1 h prior to the study visit to avoid potential con-
tamination in saliva. All families brought the pet dog to the laboratory.

Upon arrival to the research lab, parents and children provided informed con-
sent and assent, respectively, in a waiting room. Regardless of which testing condi-
tion participants had been assigned to, the pet dog was brought by a trained dog
handler to the experimental testing room to familiarize the dog to the testing space
and study staff. The child remained with the experimenter in a ‘resting room’
equipped with child-friendly decorations, furniture, reading, and coloring materials.
The experimenter subsequently escorted the child to the ‘testing room’, either with
the pet dog, with the parent, or alone. Support figures not accompanying the child
remained in the waiting room with a research assistant, the trained dog handler, or
both. All three rooms (waiting, resting, and testing) were adjacent to one another.
Children were aware of their support figures’ location at all times. In the two social
support conditions, either a chair was available (for the parent) or a mat was avail-
able (for the dog) placed equidistant from the child and the judges. Dogs remained
with their leash attached but were not restrained to the mat and could, therefore,
move around or interact with the child. Parents typically remained seated but were
not restricted from talking to the child. In the support conditions, the experimenter
explicitly announced that the parent/dog was there to provide support to the child.
The experimenter further stated that ‘some kids’ find that talking to/interacting with
their parent/dog or just having them around helps them to stay calm, and indicated
that it was OK for the child to talk to or interact with the parent/dog.

The TSST-C is a 15-min laboratory-based stressor and includes a 5-min speech
preparation period, a 5-min speech delivery, and a 5-min mental arithmetic task. At
the start of the speech preparation, the experimenter read a story stem to the child
and instructed the child to make up an ending that would be better and more inter-
esting than other children’s endings. After 5 min, two confederates, one male and
one female, dressed in white lab coats and posing as judges, entered and were
seated at a table at one end of the room with neutral facial expressions. The experi-
menter left the room and the male judge instructed the child to stand in a marked
spot. The child faced the judges and a conspicuously placed video camera to deliver
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the speech. If the child stopped before reaching 5 min, the judge instructed the child
to continue using a standard set of prompts. The female judge initiated the mental
arithmetic task (serial subtraction). If child made a mistake, the judge instructed the
child to start over; if no mistakes were made, the child was prompted to work
faster.

The end of the stressor was marked by the re-entry of the experimenter into the
testing room. The judges praised the child for his or her performance. The experi-
menter then escorted the child to the adjacent resting room. In the two social sup-
port conditions, the dog or parent accompanied the child in the resting room for the
first 10 min, after which the support figure was escorted to the waiting room for an
additional 25 min. During this time the child was with the experimenter and saliva
was sampled at intervals as described below in Measures. The child and pet dog
were subsequently reunited for additional assessments not described in this report.

Parents completed a questionnaire in the waiting room with a research assistant
present. Parent report was used to obtain basic demographic information, as well as
information on variables that have previously been shown to affect cortisol levels in
children, including recent food intake, physical exercise, illness, and medication
use, assessed for purposes of quality control checks (Gunnar et al., 2009; Hibel,
Granger, Cicchetti, & Rogosch, 2007; Kertes & Gunnar, 2004). No associations
with cortisol were observed for number of hours since last food intake, hours since
exercise, same day physical complaints (headache, allergy, mild illness), or non-
steroid medication use. Furthermore, excluding cases based on any of these poten-
tial confounds did not change the reported results. Parents also reported on breed of
the dog, which was subsequently classified into breed group (Protopopova, Gilmour,
Weiss, Shen, & Wynne, 2012). The breed groups included lap dogs (toy breeds
such as Maltese and Chihuahua, n = 32), sporting breeds (Labrador retrievers and
golden retrievers, n =20), herders (e.g., German shepherds and Australian shep-
herds, n=19), terriers/ratters (e.g., Jack Russell terrier and rat terrier, n = 13),
bully/fighting breeds (e.g., Pit bulls, bulldogs, and boxers, n =11), and unknown
mixes (n =5).

Measures

Perceived Stress. Children reported their perceived stress using a modified version
of the Self-Assessment Manikin (SAM; Bradley & Lang, 1994), a pictorial scale for
self-reports of emotion. The SAM has previously been reported to correlate with
heart rate, respiratory sinus arrhythmia, as well as self-reported anxiety (Leen-Feld-
ner, Zvolensky, & Feldner, 2004; Oldehinkel et al., 2010). Participants utilized the
pictorial figures to indicate on a 9-point scale their perceived stress, ranged from 1
(totally relaxed) to 9 (totally stressed out). Children reported how stressed they felt
during three phases of assessment: baseline (before the TSST-C), during the TSST-
C, and during the recovery phase after the TSST-C (see Figure 1). The measure
was administered following the conclusion of the TSST-C protocol. This was done
so all children, regardless of testing condition, completed it while their social sup-
port figures were not present. Difference scores were computed to reflect 1) the
change in perceived stress from baseline to end of TSST-C and 2) end of TSST-C
to recovery phase to index perceived stress rise and recovery, respectively.
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Figure 1. Experimental Protocol.

Salivary Cortisol. Salivary cortisol samples were collected to assess baseline, stress
response, and recovery. The baseline sample was collected immediately prior to the
start of the TSST-C, which occurred 30 min after arrival to the lab to allow for
acclimation to the lab. As shown in Figure 1, additional saliva samples were col-
lected at +15 min, +25 min, +35 min, and +45 min, where 0 min indicates the
onset of the TSST-C stressor. Based on an extensive literature documenting the typ-
ical peak salivary cortisol response time and typical recovery time to the TSST pro-
tocol, we anticipated that the +25 min sample would indicate cortisol peak and
+45 min would indicate cortisol recovery (Kirschbaum & Hellhammer, 1989;
Kudielka, Hellhammer, & Kirschbaum, 2007). Raw cortisol values at each time
point were Mpaseiine = -11 pg/dl (SD=.09), Mis=.14 pg/dl (SD=.09),
Myiys=.18 pg/dl (SD=.16), M35 pg/dl=.16 (SD=.14), Mi4s=.12 pg/dl
(SD = .09). As expected, peak cortisol response occurred at +25 min and the lowest
poststress value was observed at +45 min in the present sample. Thus we consid-
ered the change from baseline to +25 min as the cortisol response and the change
from +25 min to +45 min as the cortisol recovery.

Salivary cortisol samples were collected via passive drool through a short straw
into a 2.0 ml centrifuge tube. Saliva samples were stored at —80°C until assay. Cortisol
concentrations were determined using enzyme immunoassay kits (Salimetrics, LLC,
State College, PA). Blind controls generated from pooled saliva were inserted in each
assay batch. Two participants were dropped from the study because of recent steroid
medication use. An additional five participants’ samples consistently had insufficient
saliva volume for assay, yielding a final sample of 94 children in the cortisol analyses.
No outliers (defined as cortisol level >3 SD above mean or >2.0 pg/dl) were observed.
Intra-assay and interassay coefficients of variation were 3.2 and 6.1, respectively.

Behavioral Observation of Child—Dog Interaction. Because of anticipated variation
in owned dogs’ behaviors during the pet present condition, video recordings of
child—pet dyadic interaction during the pet present condition were coded by two
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Table 1. Principal Components and Factor Loadings of the Dyadic Interaction
Variables

Components Coded items 1 2
1. Dog proximity- Frequency of dog placing 617 244
seeking head in direct contact
with child
Duration of non-petting 768 —.251
contact
Duration of dog staying .838 .063
within arm’s reach of child
2. Child-solicited Frequency of child giving 280 .855
petting dog command
Duration of child petting dog —.183 .849

experts in dog behavior analysis. Video recordings were available for 29 of 35 par-
ticipants, with the others lost due to technical errors. Videos were coded from the
time the participant entered the testing room until the end of the TSST-C. Video
coding was conducted using J-Watcher® software. Five key behaviors were scored,
including: (1) the number of times the dog approached the child by placing its head
or body in contact with the child; (2) the duration of time the dog remained within
arm’s reach of the child (.5 m); (3) the duration of time the dyad was in non-
petting contact (e.g., child picking up or holding the dog); (4) the duration of time
the child spent petting the dog; and (5) the number of times the child gave the dog
a verbal solicitation (e.g., ‘come’ or ‘sit’).

Variables scored as a duration (duration of dog in close proximity, duration of
dog in physical contact, duration of child petting dog) were then recomputed as the
duration of the behavior divided by the total duration of interaction in minutes. For
variables scored as a count (number of dog approaches, number of child verbal
solicitations), the score was computed as the number of events divided by the dura-
tion of interaction in minutes. To assess interobserver agreement, approximately 40
percent of the videos were double-coded. Intraclass correlations were very good to
excellent (range .71-.96).

To reduce the number of behavior dimensions, the variables were subject to
principal components analysis with varimax rotation to generate a set of dyadic
interaction factors. The five quantitatively measured variables were well represented
by two underlying factors with eigenvalues >1 with low cross-loadings. Table 1
shows the measured variables and their factor loadings. One factor included the pro-
portion of time the dog stayed within child’s reach, frequency of the dog placing its
head in physical contact with the child, and proportion of time the dog stayed in
non-petting physical contact, which we conceptually labeled Dog Proximity-
Seeking. The second factor included the frequency of the child giving the dog a
solicitation command (such as ‘come’ or ‘sit’) and the duration the child pet the
dog, which was conceptually labeled Child-Solicited Pet.
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Behavioral Observation of Child Performance. As a quality control check for unan-
ticipated performance differences between conditions that might have influenced
stress responses, child performance in the TSST-C was scored from video record-
ings by two trained raters. For the speech task, the number of verbal prompts
required to sustain the speech was coded. For the math task, the lowest correct
number reached by the child was recorded. Thirteen percent of the videos were
double-coded. Intraclass correlations were .95—.99.

Results

All statistical analyses were performed using SPSS 22.0. Cortisol data were posi-
tively skewed; therefore, conventional logl0 transformations were applied to the
cortisol data to restore normality of the distributions. Preliminary analyses con-
ducted for quality control purposes checked that children assigned to the three test-
ing conditions did not differ on key demographic variables. Children in the three
experimental conditions did not differ by age or sex, F(2, 98) =.30-1.13, ps = .33—
.74. There were also no significant differences in dog breed group by condition,
v*(10) =431, p = .93.

Next, analyses tested for any potential demographic effects on the key outcome
measures for perceived stress and cortisol levels. There were no significant effects
for child age (rs = —.09—.13, ps = .21-.64), sex (ts =.32-1.32, ps =.19-.97), and
dog breed group (Fs =.33-1.88, ps =.12-.89) and these variables were, therefore,
not considered further. Because of the diurnal rhythm in cortisol, we tested for time
of day at testing (late morning vs. afternoon time blocks). Mean cortisol rise/drop
during the AM block was .042/.040 pg/dl (SD = .10/.05) and during the PM block
was .083/.065 (SD = .17/.10). Although time of day was not significantly associated
with cortisol [75(92) = —1.1-1.0, ps =.28-.89] or perceived stress [ts(97)=.99—
1.32, ps = .18-.32], upon a reviewer’s request we retained this variable in all analy-
ses as a control variable.

Children assigned to the three experimental conditions did not differ on the
verbal and math performance indicators in the TSST-C. No group differences were
observed for either the number of verbal prompts required to sustain the speech
task, F(2, 77)=.034, p=.97, or for the lowest number reached during the serial
subtraction task, F(2, 77) = 1.126, p = .33.

Children in the three experimental conditions did not differ in their baseline
perceived stress levels, F(2, 96) = 1.66, p =.20, or baseline cortisol levels, F(2,
91) = .06, p =.93. These null findings are important as they lend confidence that
any significant effects observed for changes in perceived stress or cortisol levels fol-
lowing the TSST-C are not due to differences prior to the start of the stressor.

Given known challenges in eliciting stress responses in children (Gunnar et al.,
2009) we next tested whether the TSST-C successfully elicited a significant rise in
perceived stress and the cortisol response to stress. Among children in the standard
TSST-C protocol, that is, those who completed the TSST-C alone without a social
support figure, there was a significant rise in perceived stress from baseline to stress
phases [#30)= 7.01, p <.001]. Likewise, children in the alone condition showed a
significant rise in cortisol [from 0 to +25 min following the start of the TSST-C;
#28)=2.37, p<.05].

Repeated measures ANOVA (RMANOVA) was performed to analyze the
change in perceived stress between baseline, end of stress, and recovery phases.
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Figure 2. Mean Change Over Time in Perceived Stress and Cortisol During the
Experimental Protocol.

Condition was examined as a between-subject factor, and a condition x time interac-
tion was used to examine differences between groups in the change over time.
Within-subjects contrasts were used to compare perceived stress from baseline to
end of stress phase (i.e., stress response) and from end of stress to recovery (i.e.,
stress recovery). Greenhouse-Geisser corrections were used to correct for non-
sphericity. The within-subject main effect of time was significant, F(1.84,
173.58) = 156.89, p < .001. Change over time in perceived stress is shown in Figure
2. Within-subjects contrasts showed the change from time baseline to stress was sig-
nificant, Mpaseline-stress = 2.9, SD =2.67, F(1, 94)=130.25, p <.001. The change
between stress and recovery was also significant, Mgess-recovery = —4.2, SD = 2.56,
F(1, 94) = 193.38, p < .001. The between-subject main effect of experimental condi-
tion was not significant, F(2, 94)=.77, p =.46; however, the time x condition
interaction was significant, F(3.69, 173.58) =3.48, p <.05. Within-subjects con-
trasts show that change between baseline and stress significantly differed by condi-
tion, F(2, 94) = 5.30, p < .01; whereas change from stress to recovery did not differ
by condition, F(2, 94) =.99, p = .38.

To clarify the nature of the time x condition interaction, ANOVAs were con-
ducted to evaluate the effect of testing condition on rise in perceived stress (baseline
to stress). As in the RMANOVA, results showed that the rise in perceived stress
from baseline to end of TSST-C differed significantly across experimental condi-
tions, F(2, 94) =5.30, p < .01. Post hoc comparisons with Tukey’s HSD to correct
for multiple comparisons showed that children in the pet present condition had a
lower rise in perceived stress (see Figure 3) compared to children in the parent con-
dition (M= —1.96, p<.01) and alone condition (Mgr= —1.53, p<.05),
whereas children in the parent present and alone condition did not significantly dif-
fer in perceived stress (Myige= —.42, p =.79).

A RMANOVA was similarly performed to analyze the change of cortisol from
0, +25, and +45 min to correspond to baseline, stress response, and recovery. The
within-subject main effect of time was significant, F(1.37, 123.18)=17.59,
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Figure 3. Rise in Perceived Stress from Baseline to End of TSST-C by Testing
Condition. Pet Dog Presence is Associated with a Lower Rise in Perceived Stress.
Error Bars Indicate Standard Error. *p <.05 After Correction for Multiple
Comparisons.

p <.001. Change over time in cortisol levels are shown in Figure 2. Within-subject
contrasts showed that the change from baseline to stress was significant Mpaseline-
stress = -07pg/dl, SD = .16, F(1, 90)=21.97, p<.001. The change between stress
and recovery was also significant, Myessrecovery = -10ug/dl, SD = .15, F(1,
90) = 8.45, p <.01. The between-subject main effect of experimental condition was
a non-significant trend, F(2, 90) = 2.85, p = .06 and the time x condition interaction
was a non-significant trend, F(2.73, 123.18) =2.22, p =.10. Table 2 indicates the
mean rise in perceived stress and cortisol levels in response to the TSST-C by
experimental condition.

Finally, we tested whether the variation in interaction between the child and dog
was related to the rise in perceived stress or cortisol levels in the dyads assigned to
the pet present condition. Hierarchical regressions were used to test the associations
of Dog Proximity-Seeking and Child-Solicited Pet with cortisol and perceived stress

Table 2. Perceived Stress and Cortisol Rise to TSST-C by Experimental
Condition

Mean perceived Mean cortisol response
stress response (SD) in pg/dl (SD)
Total 2.93 (2.68) .07 (.16)
Alone condition 3.33 (2.72) .05 (.10)
Dog condition 1.80 (2.54) A1 (.21)
Parent condition 3.76 (2.45) .04 (.12)

Note: Cortisol response, reflecting the rise from baseline to +25 min after the onset of the
stressor, are shown as raw values for ease of interpretation; however, cortisol analyses were
conducted on log; transformed data as per standard conventions.
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Figure 4. When a Pet Dog was Present During the TSST-C, Lower Cortisol
Response to Stress was Associated with Higher Child-Initiated Petting and Lower
Dog Proximity-Seeking Behavior.

response in two separate analyses. Time of day was entered as a control variable on
the first step, and Dog Proximity-Seeking and Child-Solicited Pet were entered on
the second step. Variation in dyadic interaction was unrelated to children’s perceived
stress response, F(3, 24)=.76, p =.53. However, dyadic interaction was signifi-
cantly associated with cortisol response F(3, 24)=3.91, p <.05 (see Figure 4).
Smaller cortisol responses were associated with both higher Child-Solicited Pet
(t=-241, f=—.41, p<.05) and with lower Dog Proximity-Seeking (¢ = 2.39,
p = .40, p <.05). Dyadic interaction factors during the TSST-C were unrelated to
perceived stress or cortisol assessed for baseline or recovery, indicating that dyadic
interaction was linked only with the rise in cortisol during the TSST-C.

Discussion

The primary aim of this study was to test whether the presence of a child’s pet dog
buffered perceived or cortisol stress responses during a standardized laboratory
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stressor, in comparison to a traditional ‘alone’ condition or an alternate social support
condition provided by parental presence. A secondary aim was to examine whether
natural variation in child-pet interaction impacted the stress response in the pet present
condition. Results supported the notion that pet dogs buffer children’s perceived stress
response; however, the results with children’s cortisol response were more complex.

The divergent finding for perceived stress and cortisol stress responses is not
entirely unexpected, as perceived stress and neuroendocrine responses to stress are
believed to be mediated by different cognitive and neurobiological pathways (Folk-
man, Lazarus, Dunkel-Schetter, DeLongis, & Gruen, 1986; Gross, 2002; Mauss,
Levenson, McCarter, Wilhelm, & Gross, 2005). Even for the TSST, widely consid-
ered the most robust laboratory based psychosocial stress protocol, dissociations
among perceived stress and cortisol stress responses are observed in ~75 percent of
published studies incorporating both types of measures (Campbell & Ehlert, 2012).

Pet dog presence significantly buffered children’s rise in perceived stress com-
pared to children in the alone or parent present conditions. The non-evaluative nature
of dog companionship may explain its buffering effect on children’s perceived stress
(Allen et al., 1991). Social evaluation is one of the major triggers for socially-related
anxiety problems (Rapee & Heimberg, 1997). During middle childhood, children
increasingly engage in social comparison and incorporate others’ feedback into their
self-concept (Cole et al., 2001; Harter, 1998); these emerging abilities make children
more sensitive to social evaluation related stressors compared to younger children.
Because dog companions are by nature not evaluative in the same way as human
companions, they may buffer perceived stress more effectively, at least under some
conditions. This hypothesis is consistent with a study conducted with female adults
performing a mental arithmetic task which showed the highest autonomic responses
in the presence of a female friend, the lowest response with a pet dog present, with
intermediate levels in an alone condition (Allen et al.,, 1991). Although perceived
stress was not assessed in that study, the results are strikingly similar to the per-
ceived stress results observed with children in the present study.

The main effect of pet presence on buffering children’s perceived stress did not
extend to children’s cortisol response. Cortisol change over time did not signifi-
cantly differ by experimental condition; in fact, mean cortisol (averaged across all
time points) demonstrated modestly higher average cortisol levels in the pet present
condition. Examining dyadic interaction between child and pet in the pet present
condition was revealing. For children in the pet present condition, the more children
engaged in child-solicited petting, and the less dogs engaged in spontaneous
proximity-seeking behavior, the lower the cortisol response. Petting may have
directly induced physiologic changes that were independent of children’s conscious
perceptions of stress. The observed association of petting with cortisol is consistent
with experimental studies in adults that manipulate petting and other aspects of pos-
itive social interaction. Those studies have shown positive physiological benefits for
petting and social interaction, including increased [-endorphins, prolactin, [3-
phenylethylamine, oxytocin, and dopamine, and a reduction in cortisol (Miller
et al., 2009; Nagasawa et al., 2015; Odendaal & Meintjes, 2003).

With respect to the dogs’ proximity-seeking behavior, the direction of effects
was counter to our expectations. There are at least two potential explanations for the
observed association. One stems from dogs’ known ability to discriminate human
behaviors (Udell, Dorey, & Wynne, 2010) and potentially biochemical signals
(Guest, 2013; McCulloch et al., 2006). It is possible that dogs may have sensed
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children’s elevated stress responses and dog proximity-seeking behaviors might have
been a response to those signals. Another possibility is that dogs’ proximity-seeking
behavior may have contributed to the child’s heightened cortisol responses by adding
to the cognitive and behavioral burden on the child during the TSST-C.

The dyadic interaction findings may shed light on why prior studies examining
a potential buffering effect of dog presence on cortisol have yielded inconsistent
results (Lass-Hennemann et al., 2014; Polheber et al., 2014). The significant associ-
ations of cortisol response with multiple aspects of dyadic interaction observed in
the present study suggest discrepancies in the literature may be due to unmeasured
variation in human-animal interaction.

The present results should be interpreted in light of some limitations. First, the
self-report measure of perceived stress was completed at the conclusion of the
TSST-C protocol rather than during the TSST-C. This design was implemented for
two reasons. First, it preserved the TSST-C paradigm without interruption or modi-
fication. Second, it enabled all children, regardless of testing condition, to freely
report on their perceived stress levels while not in the presence of their social sup-
port figure. This prevented a potential confound if some children were asked about
perceived stress while the support figure was still present. It is possible that com-
pleting the perceived stress measure at the conclusion of the protocol may have
inadvertently led to recall bias in perceived stress. However, children did not differ
by condition on baseline perceived stress. Also, all families brought their pet dog to
the lab and were not aware that there were multiple conditions to which participants
could have been assigned. Whereas it is possible that recall bias may have occurred
globally for all participants, there was no a priori reason or evidence that this would
have differed by experimental condition.

Second, the sample of participants was largely comprised of White, middle-
class families and the generalizability of the findings warrants further study. It is
unknown whether the stress-buffering effect would differ among other ethnic or
socioeconomic groups who may have different experiences with respect to stress
exposures (Evans & English, 2002). Third, the participants in this study were typi-
cally developing children prescreened for any known medical conditions. Therefore,
whether these findings generalize to clinical populations is unknown. Animals, and
especially dogs, are already used for therapeutic purposes for children requiring hos-
pitalization or with developmental disabilities (Anderson & Olson, 2006; Limond,
Bradshaw, & Cormack, 1997; Martin & Farnum, 2002; Wu, Niedra, Pendergast, &
McCrindle, 2002). Demonstrating the impact of pet dog presence on stress
responses among typically developing children provides the basic science needed to
provide a foundation for research in special populations. Finally, this study did not
select for particular dog breeds. Thus, children in the study were diverse with
respect to breed of dogs owned. Although the results did not show any effect of
breed class on any of the key measures, future studies should include more rigorous
testing among pre-selected breeds differing in morphology or general function (e.g.,
companionship vs. working) for direct comparison to determine whether there are
breed differences in dogs’ ability to buffer children’s stress responses.

This study intentionally recruited dog-owning families. This was done to avoid
the challenges in interpretation of previous studies combining dog owners vs. non-
owners. A primary focus of this study was to test whether having a pet dog present
would buffer child owners’ stress responses to a novel stressor. Among dog-owning
children, future research is warranted examining whether child characteristics, such

©2016 John Wiley & Sons Ltd Social Development 00, 00, 2016



16 Darlene A. Kertes, Jingwen Liu, Nathan J. Hall et al.

as temperament or their relationship quality with support figures, impacts children’s
stress responses. Finally, our focus on the stress-buffering effects of pets among
dog-owning families differs from the equally interesting question of whether there
are potential socioemotional benefits of dog ownership for children in general.

The present study adds to the small but growing literature on HAI in several
ways. It is the first study to rigorously test and demonstrate a stress buffering effect
of pet dog presence on children’s perceived stress during a stressful task. Second, it
represents the first study to empirically test the impact of pet dogs on cortisol
responses in an unselected sample of typically developing children. The focus on
middle childhood highlights a developmental phase during which children’s social
support figures are expanding beyond caregivers but their emotional and biological
responses to stress are still maturing, as are their emotion regulation capacities. The
findings of this study support the notion that pets function as social support figures
in middle childhood (Bryant, 1985). Given that stress responses during childhood
predict emotional and health problems across the spectrum of internalizing and
externalizing during childhood and adulthood, understanding the potential protective
effects of social buffering is critical to understanding long-term risk for stress-
related disorders. Third, given the HAI literature on stress buffering has been
fraught with methodological limitations, including combining pet and non-pet own-
ers, the use of unfamiliar dogs without a history of social support with study partici-
pants, a lack of systematic inquiry in perceived stress and cortisol stress responses,
and no assessments of dog behaviors, the present study advances our understanding
of the impact of pet dogs on stress responses more generally. In sum, this study
demonstrated that among typically developing children, perceived stress during a
novel stressor is buffered in the presence of a pet dog. It also demonstrated that
when children are under stress with their pet dog present, the cortisol response to
stress is associated with both the degree to which children solicit and pet their dogs
and the degree to which dogs seek proximity to their child owners. These findings
provide clear and compelling evidence that pet dogs have direct socioemotional and
physiological effects on children in the face of a novel stressor.
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