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(Negative emotional contagion between dogs and humans

using heart rate variability analysis.)
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Abstruct

Emotional contagion, which is a primitive form of empathy, is defined that one’s emotional state
transmits another’s ones. One that is expressing their emotions may trigger another’s similar
emotions, for example, when a person sees another person who is smiling, the person smiles along
unconsciously, or on the other hand may trigger an opposite emotions well. In both cases, emotional
contagion is the phenomenon that occurs automatically and unconsciously, and higher-order
cognition function like perspective-taking and theory of mind is unnecessary. There are many reports
that emotional contagion which is expressing their emotions may trigger another’s similar emotions
appears to be widespread among various social animals. In addition, emotional contagion occurs
easily between familiar ones and negative emotional states are more contagious than positive
emotional states, therefore the adaptive meaning of emotional contagion is suggested that this makes
group’s behavior smoother, especially raise up the survival value in a individuals/group by sharing
information about something that threaten life of group members like predators and responding
quickly. However, the mechanisms and the origin of evolution are mostly unknown up to today.
Three possibilities are thought as the origin of emotional contagion. The first possibility is that
emotional contagion occurred at early stage of the evolution, the second is that emotional contagion
occurred at early stage of the evolution and came to exist in a close species with the branching of
species, and third is that emotional contagion occurred independently in each social animal. To
investigate those points, it is useful to research whether emotional contagion among interspecies
exists or not.

Humans and dogs are appropriate subjects when the presence of emotional contagion between
different species. Dogs are reported to be highly sensitive to humans’ social and emotional signals

like gestures and expressions, and to bond with their owners similar to mother—infant bonding in



humans in previous studies from behavioral and endocrinological viewpoints. These characteristics
of dogs fulfill the conditions, “perception of other’s emotional expression” and “high familiarity”
that are required for emotional contagion. Furthermore, many dogs are kept as pets so it is rather
easy to gather subjects for the experiment. Therefore in study, two experiments were performed to
investigate whether emotional contagion exists in interspecies or not by focusing on dogs and their
owners. We investigated the influence of the emotional states on heart rate variability (HRV) in dogs
in chapter 1, and investigated whether emotional state of owners elicited similar ones of dogs using

physiological and behavioral analysis in chapter 2.

Chapter 1: The influence of emotional states on heart rate variability in dogs.

Healthy dogs that lived with their owner family were studied. To change the dog's emotional state,
we used a positive stimulus (stroking by the owner) and a negative stimulus (separation from the
owner) and we set a baseline (staying in the room with the owner but with no interaction) to compare
with these emotional states. The stimulus and baseline were presented in a order of baseline-positive
or negative stimulus-baseline-the opposite as the first stimulus-baseline and we recorded the changes
of the electrocardiogram with a cardiography equipment and recorded the behavior with a video
camera. To confirm whether the positive and negative stimuli that we exhibited elicited positive and
negative emotions in dogs, the relative percentage of time that dogs spent in various behaviors
(posture, standing by the door within 1m and orienting the door, attention and exploration,
respiration, vocalization, tail wagging) in each situation were analyzed and compared those in
positive and negative situation with those at just before baseline. After confirming dogs’ emotional
state by behavioral analysis, The HRV parameters in each situation were compared with those at
baseline. To exclude the influence of the change of posture on the HRV parameters, we selected 15

seconds RR intervals (RRI) period when dogs remained in the same posture at baseline and in each



situation and calculated the HRV parameters; mean RRI (the average of RRI), SDNN (standard
deviation of normal to normal RR intervals, that is a parameter of autonomic nerve system), and
RMSSD (the root mean square of successive heartbeat interval differences, that is a parameter of
parasympathetic nerve system).

As a result of behavioral analysis, in positive situation, dogs took significant different postures
compared with baseline (p<0.01). In addition, dogs gazed at their owner significantly longer time
(p<0.01). In negative situation, dogs took significant different postures compared with baseline
(p<0.01). Furthermore dogs took the behaviors related to separation anxiety (attention and
exploration to the doo (p<0.01), standing by the door within 1m and orienting the door (p<0.01),
whine (p<0.01), bark (p<0.05)) increased significantly. As the result of HRV parameters analysis,
SDNN significantly decreased in positive situation compared with baseline (p<0.05). In negative
situation, only RMSSD (p<0.05) decreased significantly. From behavioral analysis, dogs became
active in both positive and negative situations. Gaze at attachment figure of dogs are thought as
attachment behavior, therefore positive emotional state in dogs were elicited by “stroking by their
owners” as positive stimulus. The behaviors that increased in negative situation related to separation
anxiety in dogs, therefore negative emotional state in dogs were elicited by “separation from their
owner” as negative stimulus. Each stimulus exhibited in the experiment was appropriate for eliciting
each emotion in dogs. The result of HRV parameters were also different between in positive and in
negative situation. SDNN decreased in positive situation. Some studies report that a decrease of
SDNN is associated with stress in parallel with elevated heart rate (HR) or decreased RMSSD, on
the other hand, there are a report that a decrease of SDNN in parallel with increased RMSSD in
positive situation. We suggest that the decrease of SDNN not in parallel with a decreased HR or
RMSSD is the indicator of low arousal positive emotional state like stroking. A decrease of RMSSD

in negative situation is a same result that reported in previous studies in other animals. Therefore in



dogs the decrease of RMSSD is a indicator of negative emotional state. Although the stimuli that
elicited dogs’ emotion in chapter 1were limited, it is obvious that emotional states reflects the HRV

parameters in dogs and the response changed according to the emotional states.

Chapter 2: The study of stress contagion between dogs and their owners using HRV.

Healthy dogs that lived as pets and their owners participated. The dog-owner pair participated in the
two different condition, in the control condition and stress condition, with and interval of more than
one week. In stress condition, the owners got social stress using modified Trier Social Stress Test
(Kirschbaum et al., 1993), which applies social stress for humans in the experimental situation. In
control condition, the owners did not get social stress. To evaluate the owners’ and dogs’ anxiety
levels in each condition, we analyzed their HRV parameters and behavior. The detail results will be
presented later because we are now preparing to contribute these results.

From the results of Chapter 2, we suggest that emotional contagion occurred at early stage of the
evolution and saved. However, there is a report that dogs and humans coevolved for more than
30,000 years, therefore the results in this study may support by that special relations. To clarify this
point, it is necessary to investigate whether emotional contagion exists in other interspecies in the

future.
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