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Abstract 36 

 37 

Synchrony – the coordination of behavior between interacting partners – is a complex phenomenon 38 

requiring the perception and integration of multimodal communicative signals. Originally 39 

conceptualized by developmental psychologists to study the human-human relationship, it could 40 

also apply to cross-species interactions. Here we examined synchrony patterns as a potentially 41 

important mechanism to evaluate human-dog interactions during animal assisted activities (AAA). 42 

Four dog handler-dog dyads were videotaped before (T0), during (T1) and after (T2) 45-minute 43 

sessions of AAA and coded for the following synchrony patterns: gaze synchrony (GS), joint 44 

attention (JA), and touch synchrony (TS). Both partners’ salivary cortisol and heart rate, and dogs’ 45 

behaviors were measured to identify any signs of stress which would lower levels of synchrony. All 46 

dyads showed synchronous behaviors in T0 and T1, while these were absent in T2. On average, the 47 

highest frequency was recorded in T1 (P < 0.05), particularly as regards JA. All dogs fulfilled the 48 

majority of their handler’s cues (74%, P < 0.05) while working with a patient, showing appropriate 49 

levels of cooperation. No stress-related signs were detected in either the dogs or their human 50 

handlers. These findings highlight the human-dog bonding as one prototypical context for studying 51 

the biological basis of cross-species SS. This may also generate evidence-based knowledge that can 52 

help strengthen the scientific foundation of current canine assisted intervention practices. 53 

 54 
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Introduction 71 

 72 

Human studies have shown that social synchrony (SS) – the coordination of nonverbal behaviors 73 

between interactive partners (Feldman, 2007) – is an experience learned within the caregiver-infant 74 

bond (Atzil et al., 2014). SS provides a unique exemplar of patterned behavior that is deeply rooted 75 

in mammalian biology and underlines the capacity of social species to be empathic and 76 

collaborative (Feldman, 2012). Synchrony implies the following (Delaherche et al., 2012): 1) 77 

behaviors include communicative and emotional signals (e.g., gestures, postures, facial displays, 78 

vocalizations and gazes); 2) interactions entail coordination between partners and ability to respond 79 

each other using different modalities (Vandenberg, 2006); 3) it builds on familiarity with the 80 

partner’s behavioral repertoire (Leclère et al., 2014). All these components appear “within the dog-81 

human social dyad” (Miklósi et al., 2004; Kerepesi et al., 2015; Duranton and Gaunet, 2015). 82 

Moreover, as for the caregiver-infant bond, the relationship between a dog and his caregiver is 83 

bidirectional in nature (Kaminski and Marshall-Pescini, 2014) and involves similar attachment 84 

bonds (Serpell, 1996a; Mariti et al., 2013). Given these common prerogatives, we strongly believe 85 

in the crucial value of studying synchrony within the dog-human social dyad. The SS construct 86 

could bring a relevant contribution to understanding the nature and quality of human-dog 87 

interactions, which have a great effect on dogs’ social, emotional and cognitive well-being (Pirrone 88 

et al., 2015).  89 

Although much is now known about SS in human social cognition, there has been relatively little 90 

investigation into SS in dogs and across species. A recent study by Palagi et al. (2015) revealed the 91 

presence of rapid mimicry - that is an involuntary, automatic and fast response  through which 92 

individuals mimic others’ expressions (Iacoboni, 2009) - in dogs under the playful context. Rapid 93 

mimicry may facilitate communicative exchanges and behavioral coordination in the sequence of 94 

actions (Mancini et al., 2013), but SS is supported by a coordinated behavioral matching that 95 

requires both automatic and mental processing, and, thus, implicates a sort of dialogue that goes 96 

beyond simple mimicry (Harrist and Waugh, 2002). The difference between mimicry and SS has 97 

been well explained in human caregiver-infant interactions by Harrist and Waugh (2002): if 98 

caregiver adjustments to infant behavior are in the same modality and the same behavioral form as 99 

the infant’s (e.g., when an infant’s smile elicits the caregiver’s smile), interactions are akin to 100 

mimicry (Stern et al., 1985). In this case, the interactional process can be thought of as contagion 101 

and would not necessarily lead to a state of dyadic synchrony (Harrist and Waugh, 2002). 102 

In this framework, a systematic account of the role of SS in human-dog reciprocal understanding is 103 

still missing in the current literature. The present paper aims to bridge the gap by examining 104 

whether SS may be one mechanism through which humans and dogs engage in cooperative 105 
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interactions during animal assisted activities (AAA). AAA is a specific type of animal assisted 106 

intervention that is delivered spontaneously, lacks a previously defined goal and provides 107 

opportunities for motivation, education, or recreation to enhance quality of life (Kruger and Serpell, 108 

2006). 109 

We chose the context of AAA for two major reasons. First, according to Fiebich and Gallangher 110 

(2013), in humans, successful cooperation cannot be achieved without SS which acts as the window 111 

to the social relationship of the interacting partners (Kochanska, 1997; Hartup, 2006). In our 112 

opinion, it is likely that this is the case also in human-dog cooperation. However, more than a 113 

decade ago, Naderi et al. (2002) related dogs’ innate ability for cooperation with humans to training 114 

rather than to the relationship with the owner. AAA is a salient setting of cooperation within 115 

participating dog-handler dyads, in which success is closely dependent on their affiliative and trust-116 

building bond converging on joint activities with AAA’s clients (Kirchengast and Haubenhofer, 117 

2007). This makes AAA an ideal field for investigating SS behaviors within the human-dog dyadic 118 

exchange, possibly shedding new light on their inter-specific cooperation. Second, analysis of inter-119 

specific communication and interaction would give insight into some of the positive health benefits 120 

of AAA (Franklin et al., 2007). Previous research focused on the human side of this interaction 121 

(Franklin et al., 2007). However, the deciphering of both sides of the dialogue may quantify new 122 

aspects of communication that will not only explain the real nature of the interaction itself, but also 123 

will provide guidance for AAA strategy planning in order to make them more effective, suitable and 124 

respectful of the welfare of all participants. 125 

Finally, distress lowers levels of synchrony (Weinberg et al., 2006) and work may be stressful for 126 

handler-dog teams who deliver AAA in health care service (Hatch, 2007; Kirchengast and 127 

Haubenhofer, 2007). Therefore, along with SS, we analyzed dogs’ stress-related behaviors, dogs’ 128 

responsiveness to handler’s cues and physiological reactions (measured by saliva cortisol sampling 129 

and heart rate measurement) of both dog handlers and dogs. 130 

 131 

Materials and Methods 132 

 133 

Participants 134 

 135 

Four handler-dog dyads regularly delivering AAA programs in one adult health care facility in Italy 136 

were recruited on a voluntary basis. To avoid bias due to either the working method or experience, 137 

all dyads had been awarded an AAA certificate after attending the same Pet - Handler Operator 138 

course organized by the SpazioperNoi Association (Alzate Brianza, Como, Italy) and exhibited 139 

exactly 1 year of working experience. Handlers were women aged between 28-39 years (34.8 ± 2.4, 140 
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Mean ± S.E.) and had different occupations. In three dyads the handler was the owner of the dog 141 

and lived with the animal, while in the remaining one (dyad n. 2) the handler was a familiar 142 

caregiver, though not a member of the dog's household. A card registry was compiled for each 143 

animal using demographic data, which included breed, age, sex, weight, provenance and experience 144 

in AAA (Table 1). Two dogs were spayed females, one was an intact male, one was a neutered male 145 

and the dogs were either pure or mixed breed. Dogs were between 3 and 8 years old (4.5 ± 1.2, 146 

Mean ± S.E.) and weighed between 22 and 35 kg (28.5 ± 2.7, Mean ± S.E.) at the time of the 147 

sampling period. As reported in a similarly designed study (Glenk et al., 2014), to be eligible for 148 

participation in the AAA program, the dogs were required to be in good clinical health (i.e., free 149 

from pain, external and internal parasites, and immunized) and subjected to regular health screening 150 

and behavioral monitoring by two veterinarians with expertise in animal behavior.  151 

 152 

Study design 153 

 154 

Handler-dog dyads were assessed while involved in weekly group sessions of AAA delivered to 2-5 155 

adults suffering from different diseases, such as senile dementia and degenerative and/or congenital 156 

psychomotor dysfunctions. Sampling was carried out during 5 subsequent AAA sessions per dog, 157 

that is, 20 AAA sessions in total. Each session was 55 minutes in length, with a 10-min pause at the 158 

middle (actual working time: 45 minutes). Thus, during a session, dogs were working for about 25 159 

minutes, then they took a 10-min break, and worked again for another 20 minutes. There was only 160 

one experimenter (female) in this study who attended three AAA sessions for each dyad prior to 161 

data collection so that the animal handlers, dogs and patients were already familiar with her 162 

presence. A video camera was set up on a tripod, and left running continuously. The experimenter 163 

switched the camera on just before the session started, and switched it off when the session ended. 164 

In order to be less distracting for the dogs, during the sessions she usually sat on a sofa. The pre-165 

study phase also enabled handler-dog teams to become familiar with the environment. Sessions 166 

were performed in common spaces at the facility in the presence of staff members, as shown in Fig. 167 

1. In more detail, at AAA sessions, two visiting dogs, two dog handlers, two health care 168 

professionals, and one experimenter were always present. During each session, one of the visiting 169 

dogs was guided by the handler to interact with the patients at regular turns (Fig. 1a). Due to a 170 

severe neuromuscular deficit, two patients needed individual interactions which were carried out 171 

concurrently when they were lying down (Fig. 1b). In this case, the second dog was also involved 172 

and all other patients were allowed to stay in the room, even if they were not directly involved in 173 

the activities. As part of their participation in the AAA certificate training program, all these dogs 174 
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were thoroughly trained to ignore environmental distractions, including the presence of another 175 

dog.  176 

Informed consent was obtained from all participants (or their legally authorized representatives), 177 

who were previously advised by the facility staff members of an experimenter’s presence for the 178 

videotaping procedure. All patient-animal contact in this study was guided by an experienced dog 179 

handler and based exclusively on positive reinforcement and gentle handling. Patient–animal 180 

interaction behaviors included verbal contact, where a patient talked to the dog to praise him/her, 181 

and/or tactile contact, where a patient softly touched and/or groomed the dog. For ethical reasons, 182 

dogs were never forced into positions and were able to lie down, drink water, or leave the AAA 183 

room at any time (Glenk et al., 2014). The handlers were aware of the aim of the study. They knew 184 

that we would have evaluated the dog’s behavior and interaction with the handler in the context of 185 

AAA, but they were not informed in detail about the SS patterns we were trying to investigate. This 186 

precisely to avoid the awareness of being studied and related consequences for behavior. However, 187 

after completing the study, the handlers received a full explanation of what we expected to find. 188 

 As detailed below, dogs’ behaviors were assessed at three time points: 15 minutes after arrival at 189 

the facility (T0), during each 45-min AAA session (T1) and 22 minutes after (T2). Both handlers’ 190 

and dogs’ physiological parameters were also measured at T0 and T2. 191 

 192 

Behavioral assessments 193 

 194 

The behavior of each dog was videotaped by the experimenter and subsequently analyzed in T0 and 195 

T2 (video length: 3 minutes), as well as during each entire 55-min trial (T1), except for the 10 196 

minutes break. At T0 and T2, dogs were with their handlers in the yard of the healthcare facility. 197 

Animals were off leash at all three time points and the handlers were asked to act spontaneously by 198 

the experimenter. Analysis of behavior was carried out with focal animal sampling and continuous 199 

recording using the Observer XT software package (Noldus Information Technology, 6702 EA 200 

Wageningen, The Netherlands). To preserve the anonymity of participants, video recordings were 201 

stored in the principal investigator’s computer at the Department of Veterinary Medicine at the 202 

University of Milan. 203 

In the preliminary phase we identified behaviors that could be reliably recognized (Table 2), and 204 

defined them on the basis of a literature review (Beerda et al., 1999; Haverbeke et al., 2008, 205 

and Pastore et al., 2011). Intra-observer reliability of the experimenter who analyzed the videos was 206 

computed by coding of independent samples of videotaped sessions twice several weeks apart and 207 

calculating the percentage of agreement (Landis and Koch, 1977; Fleiss, 1971), which revealed a 208 

kappa value of 0.85 (95% CI: 0.81-0.92). 209 
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The following synchronous variables were used: gaze synchrony (GS), joint attention (JA), and 210 

touch synchrony (TS). These behavioral variables were adapted from the study by Feldman et al. 211 

(2014) assessing SS between caregivers and children through nonverbal interactions.  212 

According to the AAA protocol, behaviors in T2 were divided into 2 categories of activity: solitary 213 

activities (SA), periods in which dogs were not involved in the handlers’ work with patients, and 214 

guided interactions (GI), periods in which dogs were instead involved, guided by the handler, in the 215 

activity with patients, thus allowing for analysis of SS. Dogs had their own carpet to lay on during 216 

SA, though they were free to choose their location and act spontaneously in the room. We measured 217 

dogs’ responsiveness to instructions of the handler, coding the dogs’ performance based on the 218 

number of correct responses during GI. We only considered the immediate readiness to respond, 219 

thus a correct response meant the dog performing the corresponding behavior within 5 seconds to 220 

the first request issued by the handler. 221 

Behavioral variables were measured in terms of relative frequency (the number of occurrences per 222 

minute) and/or duration (time spent on a behavior, expressed in seconds) of occurrence during each 223 

observation period. Duration of SS behaviors was expressed in semi-quantitative categories (< 1 224 

sec, 1-5 sec, > 5 sec). We chose these time frames because, based on the pre-study observations, 225 

they appeared to be the most realistic and appropriate. 226 

 227 

Physiological parameter assessments 228 

 229 

Salivary cortisol concentration (ng/mL) and heart rate (HR, bpm) were assessed either on dogs and 230 

handlers at T0 and T2, in order to evaluate physiological responses to work in both species. Blood 231 

cortisol concentrations rise approximately 20 minutes after a dog encounters a stressor (Vincent and 232 

Mitchell 1992) and 20–40 minutes after a human encounters a stressor (Nicolson, 2008). Changes in 233 

plasma and salivary cortisol levels are closely synchronized: after injections of cortisol, salivary 234 

levels increase within 1 minute, and peak concentrations in blood are seen 2 to 3 minutes later in 235 

saliva (Kirschbaum and Hellhammer, 2000). Thus, saliva samples from both handlers and dogs that 236 

were taken 22 minutes after the end of each session (T2) captured postsession levels, that 237 

correspond to the time during AAA sessions. The handlers were given a demonstration by the 238 

experimenter how to take saliva samples from themselves and their dog using Salivette® Cortisol 239 

tubes (Sarstedt, Nümbrecht, Germany). All samples were taken by the handler herself. First the 240 

handler put the oral swab under her tongue and then she took the sample from the dog at the same 241 

time. The swab was gently placed into the cheek pouch or under the tongue of the dog for 242 

approximately 30-50 seconds, without restraint of the animal. The dog’s salivation was stimulated 243 

by smelling food treats. The dog received a food treat only after the saliva sample was taken 244 
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(Bennett and Hayssen, 2010;  Ligout, 2010). Each sample was replaced in the device tube and 245 

closed with a plastic stopper to avoid evaporation. The collected material was refrigerated at -4°C 246 

and then stored at -20°C immediately after it arrived at the laboratory. At the time of analysis, the 247 

samples were thawed at room temperature and centrifuged (3,500 rpm for 15 minutes). Analysis 248 

was performed using a multispecies Cortisol Enzyme-Linked ImmunoSorbent Assay (ELISA) kit 249 

(R&D Systems Inc., Minneapolis, MN), according to the protocol for salivary samples. The intra-250 

assay and interassay coefficients of variation were 6.9% and 13.6%, respectively. The minimum 251 

detectable dose of cortisol ranged from 0.030 to 0.111 ng/mL; the mean minimum detectable dose 252 

was 0.071 ng/mL. Prednisolone, Reichstein’s substance S, progesterone, cortisone, 4-androstene-253 

3,17-dione, corticosterone, deoxycorticosterone, estradiol, and prednisone were assayed for cross-254 

reactivity, and no significant interference was observed (R&D Systems Inc., Minneapolis, MN).  255 

HR was tested non-invasively, to assess arousal levels (Beerda et al., 1998), by each handler 2 256 

minutes after saliva sampling, through radial artery pulse palpation (femoral artery in dogs). The 257 

healthcare professionals informed us that some of the patients might have uncontrollable and 258 

excessive gripping, thus dogs could not wear any elastic chest bands during the session. In order to 259 

standardize the analysis of dogs’ behaviors, making them more comparable across the three time 260 

points, we decided to completely avoid the use of a telemetric device. 261 

In addition, handlers collected saliva and heart rate at similar times as in AAA days (8:30 a.m and  262 

11:30 a.m.) during two non-consecutive control days from themselves and their dog. To avoid 263 

potential effects of food or exercise on home baseline cortisol and HR levels, handlers were advised 264 

not to eat and feed their dogs at least 1 hour before sampling and to avoid any hard or unusual 265 

exercise on that day (Glenk et al., 2014). 266 

 267 

Statistical analysis 268 

 269 

Data were analyzed through nonparametric statistical tests. Differences in physiological parameters 270 

and behaviors between time points and dog handler-dog dyads were analyzed using Pearson’s χ
2 test 271 

of independence in 2x2 contingency tables, Kruskal–Wallis test for multiple comparisons, Mann-272 

Whitney U-test for comparing two groups and Wilcoxon signed-rank test for one sample. Post-hoc 273 

Mann-Whitney U tests with the Bonferroni correction followed Kruskal–Wallis test in case a 274 

significant effect was detected. The Spearman rank correlation test was used to measure the degree 275 

of association between frequency of SS variables and rates of correct responses to the handler’s 276 

cues. 277 
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Cortisol concentrations, heart rate, duration and relative frequency of behaviors are presented as 278 

Mean ± S.E.. P values ≤ 0.05 were deemed statistically significant. Statistical analyses were 279 

performed with SPSS version 22.0 (SPSS Inc., Chicago, IL, USA). 280 

 281 

Results 282 

 283 

Behavioral assessment 284 

 285 

As shown in Fig. 2, SS was absent in T2 and significant differences were found in the exhibition of 286 

GS and JA between T0 and T1 for all working teams (P < 0.05, Kruskal-Wallis test). During T1, JA 287 

was the most frequent behavior (P < 0.05, Kruskal-Wallis test). Overall, differences were found in 288 

SS behavior durations (Table 3): episodes of GS and JA lasting either less than 1 second or up to 5 289 

seconds were observed significantly more often than those longer than 5 seconds (P < 0.05, 290 

Kruskal-Wallis test). The majority of TS episodes lasted less than 1 sec (P < 0.05, Kruskal-Wallis 291 

test).  292 

During T1 (GI), dogs received on average 28 ± 3.9 E.S. cues each session, which did not differ 293 

across dogs (P >0.05, Kruskal-Wallis test). Dogs fulfilled a high percentage (74% ± 4.9, Mean ± 294 

S.E.) of handler’s requests (P < 0.05, Wilcoxon Signed-Rank test), mostly when these only 295 

concerned a patient’s physical proximity (67% ± 9.4, Mean ± S.E.) rather than physical touch (23% 296 

± 7.6, Mean ± S.E.) by the dog (P < 0.05, Wilcoxon Signed-Rank test). Compared to the other dogs, 297 

the dog in dyad 4 showed the lowest responsiveness to the handler’s request for physical touch with 298 

patients (47.6% ± 5.7, vs 77.5% ± 5.1 dog 1, 87.9% ± 6.2 dog 2, 89.6% ± 5.9 dog 3, Mean ± S.E., P 299 

< 0.05 Kruskal-Wallis test). This dog also showed a lesser (although not significantly) mean 300 

frequency of spontaneous physical contact-seeking with patients (Table 4).  301 

Analysis of the degree of association between frequency of SS and correct responses of dogs 302 

revealed no significant results. 303 

The four dogs exhibited significantly longer resting (sitting, standing, and lying down) than active 304 

periods at all the time points (Fig. 3, Kolmogorov-Smirnov for one sample test, P < 0.05). Summing 305 

the behavioral signs of stress, we found no significant differences in terms of relative frequency 306 

among the three phases (T0 = 1.4 ± 0.3, T1 = 2.0 ± 0.4 and T2 = 0.8 ± 0.2, Mean ± S.E.). The 307 

looking behavior was the most frequent behavior in T1 (SA) (P < 0.05). Most times the dog was 308 

looking at the handler rather than the patient (63.7% ± 4.1 vs 36.3% ± 4.1, Mean ± S.E., P < 0.05, 309 

Wilcoxon Signed-Rank test). 310 

 311 

 312 
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Physiological Parameters 313 

 314 

Handlers had higher salivary cortisol levels in T0 than in T2 (P < 0.05, Wilcoxon Signed-Rank test) 315 

both during activity and control days (Table 5). The same trend was detected in dogs, but was not 316 

statistically significant. No difference was observed between handlers’ cortisol values during AAA 317 

compared to control days. Among the dogs, two had significantly higher salivary cortisol levels 318 

than the others in T0, and one of them also in T2, both in AAA and control days (Kruskal-Wallis 319 

test) (Table 6). As shown in Table 5, heart rate was higher in dogs during AAA days than in control 320 

days (P < 0.05, Mann-Whitney U test). There was no statistically significant difference in the 321 

handlers’ mean heart rate values. We did not find time-dependent differences in cortisol and heart 322 

rate in handlers or in dogs across 5 subsequent AAA sessions. 323 

 324 

Discussion 325 

 326 

The aim of this pilot study was to use a field-based methodology to explore whether there is 327 

evidence for the construct of human caregiver-infant synchrony in human-dog dyads and how this 328 

synchrony might be expressed in a context that requires close cooperation between the handler and 329 

the dog. We observed patterns of SS within all four dyads involved in AAA and, as we had initially 330 

hypothesized, the highest rates of SS were recorded when the handler and the dog engaged in 331 

shared activities with patients. Joint attention and, to a lesser extent, gaze synchrony were the most 332 

frequent patterns in this phase. Notoriously, the eyes have a dual function - to perceive information 333 

and also to signal intentions – that make them a remarkable indicator for social interaction (Gobel, 334 

2015). Joint attention is typically defined as a social-communicative skill in which two subjects use 335 

gestures and gaze to share attention with respect to interesting targets (Jones and Carr, 2004). Joint 336 

attention is very important for social animals because they reveal an adaptive social-cognitive skill 337 

for vicariously detecting food, predators, but also important social interactions among group 338 

members (Itakura, 2004). It arises from coordination, and coordination is probably the most crucial 339 

component of joint attention – the part that makes joint attention joint, rather than just parallel, 340 

attention (Carpenter, 2012). In nonverbal communication, gaze is an important aspect of 341 

establishing common ground, which is a mutual belief that the communicants understand one 342 

another (Clark and Brennan, 1991). Previous studies reported on the ability to follow human’s gaze 343 

(Miklósi et al., 1998; Hare et al., 2002) and to read the visual information conveyed by human gaze 344 

(Hare et al., 2002) in dogs, whose evolution has been largely shaped by humans. Moreover, 345 

contrary to wolves, dogs develop the ability to exploit these basic human social cues as puppies, 346 

without requiring extensive exposure to humans (Hare et al., 2002; Riedel et al., 2008). Thus, it is 347 
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very likely that domestication has influenced dogs’ abilities to read inter-specific social cues in a 348 

cooperative context, even early in development (Hare and Tomasello, 2005). As a result of this 349 

early predisposition to interact cooperatively with humans, dogs may then develop other cognitive 350 

social skills (e.g., social-emotional sharing and co-regulation with a human referent), which could 351 

resemble what is argued for the development of human social cognition in children (Wobber and 352 

Hare, 2009). In the present study, dog attention seemed to be contingent upon handler attention. 353 

Attention was a reciprocated behavior: handlers were attentive to the dogs and dogs became 354 

attentive to their handlers. Human attention (Gácsi et al., 2004), the experience of the dog handler 355 

(Lynge and Ladewig, 2005) and familiarity of the dog with his/her handler (Coutellier, 2006; 356 

Lefebvre et al., 2007) can affect dog behavior such as their obedience. The type of training received 357 

by these dogs may also have contributed to increased GS during guided interactions. Although dogs 358 

were not explicitly trained for attention on command (e.g., watch me) they were stimulated to 359 

negotiate the collaborative activities to be carried out using eye gaze. This process of mutual 360 

negotiation may have also led to the observed patterns of mutually cooperative actions. In line with 361 

this assumption, aside from reaching the highest levels of SS, the handler-dog teams in our study 362 

obtained successful cooperation while working with patients, which was reflected in the high rate of 363 

correct responses of the dogs to the handlers’ signals. SS might be one mechanism through which 364 

dogs decode human social information, and this may help them perform better when dealing with 365 

shared tasks and become collaborative dyad members. 366 

The fact that non-touching eye behaviors prevailed over touching patterns is not surprising, mostly 367 

because touch synchrony – the coordination of the handler affiliative touch with the handler’s and 368 

dog’s social gaze – requires physical proximity between social partners and a handler’s free hands. 369 

In our study, instead, during guided interactions handler and dog were often not so close to each 370 

other and/or the handler was already using hands to manipulate an object or interact with a patient. 371 

On the other hand, touching is the most powerful and influential mode of nonverbal 372 

communication, more invasive than other nonverbal behaviors (Huwer, 2003). We cannot know for 373 

certain whether the low levels of touch synchrony were due to emotional rather than physical and/or 374 

spatial barriers. Lag sequential analysis, a widely used method for evaluation of communication 375 

sequences that contribute to improve team performance (Bowers et al., 1998), would help explore 376 

both handler and dog-initiated patterns and optimal sequences of touch synchrony, as well as other 377 

synchrony types. It is thus strongly recommended for the future research agenda. 378 

Both before and after working sessions dogs and handlers sought little (T0) or no (T2) interaction 379 

with each other. At the arrival to the facility, before they started an AAA session, handlers and dogs 380 

showed some eye gaze social exchanges (with or without touch), which may have helped them 381 

establish a common ground to work collaboratively immediately afterwards. This is in line with the 382 
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function of eye contact, that serves not only to monitor each other’s state of attention  (e.g. gaze 383 

direction) and emotion (e.g. facial expressions), but also to  temporally synchronize interactions and 384 

to establish mutual acknowledgment  (Gobel, 2015). Probably, this reciprocal engagement was not 385 

more necessary at the end of a session, and this might explain why we observed no SS after each 386 

AAA session in all four dyads. Handlers and dogs spent most of that time on their own, as if they 387 

both needed to switch off after working.  388 

In our study, dog 1 showed statistically more spontaneous contact-seeking to the patient, which was 389 

maintained mostly by leaning the muzzle or the body against the patient's legs. It could be possible 390 

that this dog was more comfortable than the others with unfamiliar people. Its greater willingness to 391 

seek physical interactions with patients could suggest a higher level of affiliation and engagement 392 

(Fine, 2015). The dog in dyad 4 refused to engage in guided physical contact with patients more 393 

than the others, and spontaneously sought a patient’s physical contact less often. According to a 394 

recent study analyzing defensive behavior in shelter dogs (Kocis and Ţibru, 2015), a general mild 395 

lack of trust may have contributed to this dog’s less liking of a stranger’s physical contact. 396 

Insecurity may be associated with cortisol reactivity (Bernard and Dozier, 2010), and it may 397 

therefore not be a coincidence that this dog showed higher, although within the normal range, 398 

salivary cortisol values compared to the other three dogs. A recent review by Glenk (2017) 399 

discussed the challenge and validity related to interpreting salivary cortisol of shelter dogs in AAIs, 400 

and concluded that it may not be a suitable marker to investigate the intervention effect in these 401 

dogs. 402 

Much more research is needed to understand the reported inter-individual variability in patterns of 403 

SS and cooperation between a handler and a dog, that may impact performance (Beebe et al., 2016) 404 

and should therefore be taken into account when planning an animal-assisted intervention. 405 

Gender and the dyadic gender combination appears to influence social interactions in humans (Ben-406 

Ner et al., 2004). In general, same-gender parent-infant dyads seem to experience more synchrony 407 

(Leclère et al., 2014). Dogs can probably discriminate human gender and may adapt their behavior 408 

according to the owner gender, so that minor variations in the owners´ interaction styles may have 409 

distinct effects on the dogs´ physiological and behavioral responses (Hennessy et al., 1998; 410 

Schöberl et al., 2017). Unfortunately, the sample is presently too small to produce a meaningful 411 

result that is worth exploring in future research. 412 

Dogs are sensitive to their handlers´ emotional states (Müller et al., 2015) and emotional contagion 413 

between owners and dogs is possible (Yong and Ruffman, 2014) contributing to the level of 414 

emotional disturbance experienced. Thus, dogs may mirror the anxiety and negative expectations of 415 

handlers in their cortisol levels and this could actually happen in the context of AAA, as therapeutic 416 
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work affects handler-dog teams who work in animal-assisted health care service both emotionally 417 

and physiologically (Kirchengast and Haubenhofer, 2007). This is the reason why we decided to 418 

monitor both the dyadic members for signs of stress. In our study, nor dogs nor the handlers showed 419 

physiological changes indicating stress. Overall, findings suggest that this particular AAA, or 420 

expectation itself, did not negatively impact the welfare of both these handlers and dogs. This was 421 

likely because activities were predictable and controllable. No physiological or behavioral 422 

indicators of stress were observed, and salivary cortisol levels were determined to be no different 423 

between home and AAA settings. Dogs’ and handlers’ levels of salivary cortisol were higher before 424 

the AAA session than after, but this trend was observed on both AAA and control days and values 425 

remained always within the physiological range (human: 3-10 ng/mL, dog: 0.70-3.40 ng/mL) 426 

(Sandri et al., 2015). This outcome was likely due to the normal circadian rhythmicity of cortisol 427 

secretion (Dreschel, 2007; Beerda et al., 1999). It is worth remembering that dog 4 showed higher 428 

cortisol levels than the other dogs, and values were even higher at control than at AAA. This might 429 

suggest that this dog was less confident in general, not just related to the physical contact with the 430 

patient. 431 

HR was higher in dogs in AAA days than in control days, but always within physiological range, so 432 

found values can be ascribed to positive arousal (Ng et al., 2014). There was no statistically 433 

significant difference in any physiologic parameter over the five subsequent sessions, and so the 434 

chance of chronic stress accumulation effect may be excluded. 435 

This study has several limitations. First, the small study size: in future studies a larger sample 436 

covering more AAA sessions may be needed for more generalized results. A larger sample size will 437 

also enable us to explore the possible role of factors, such as handler’s gender, dog’s sex and story 438 

in the experience of synchrony. Second, the video-recorded assessment was coded for the 439 

occurrence of handler-dog eye gaze synchrony. However, coding from video may be not optimal for 440 

precise determination of one’s looking targets. Eye-tracking assessments of SS may provide more 441 

precise spatial and temporal information than face-to-face assessments. Third, synchrony is shown 442 

to depend on physiological mechanisms supporting bond formation in mammals—particularly such 443 

as those involving the hormone oxytocin. Measurement of this hormone would be needed to 444 

evaluate the robustness of our findings. Although peripheral oxytocin is commonly used to 445 

approximate central concentrations, the validity of this experimental approach has yet to be 446 

established (Valstad et al., 2017). Because of the limitations of this study already named and others 447 

(only female dog handlers participating, effect of patient familiarity not explored), cause-effect 448 

relationships could not be inferred and we cannot generalize the results of our study to other 449 

handler-dog teams. Further research is needed to clarify whether the overall lack of distress 450 
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facilitates synchrony and cooperation of a dog with the human handler or, vice versa, the absence of 451 

stress results from the creation of synchronous handler-dog dynamics. 452 

 453 

Conclusions 454 

 455 

Synchrony is a key feature of mother-infant interactions. Touch, eye contact, and joint attention are 456 

fundamental behaviors that maintain child-caregivers interactions and establish a basis for their 457 

emotional capacity to respond each other (Feldman, 2007). Based on the assumption that 458 

attachment-related interaction styles are displayed in interactions with dogs in the same way as they 459 

are expected to be in interaction with humans (Mariti et al., 2013), we sought to explore whether 460 

and how a synchronous interaction is displayed within handler-dog dyads. All in all, our findings 461 

suggest that a handler and a dog engage in synchronous interactions, that may be well observed 462 

while they are jointly committed under unstressed working conditions. SS underlies the 463 

development of affiliative bonds and, thus, its detection in social contexts may be important for 464 

bond formation and, consequently, for adequate social functioning (Atzil et al., 2014). 465 

Understanding the dynamics of human-dog interactions and identifying synchronic patterns within 466 

human-dog dyads are therefore important to promoting healthy relationships, and might also shed 467 

useful light on some of the mechanisms by which the human-dog partnership is able to impact upon 468 

AAA sessions, thereby positively influencing the outcome of an intervention. Our ongoing studies 469 

have been designed to consider more physiological indicators of human-dog bonding in a larger and 470 

more varied population of dyads, so as to provide a reasonable demonstration of the SS construct at 471 

the inter-specific level. 472 
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Table 1 Information about the dogs participating in this study 

 

Dyad 
code 

Breed Age Sex  Weight Source Experience 
with AAA 

1 Briard 3 years Female (spayed) 30 kg 
Official 
breeder 

1 year 

2 
Golden 
retriever 

3 years Female (spayed) 27 kg 
Official 
breeder 

1 year 

3 Mix 4 years Male (intact) 22 kg Shelter 1 year 

4 
German 
shepherd 

8 years Male (neutered) 35 kg Shelter 1 year 
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Table 2  List of behaviors and definition used in the study  

 

Behaviors Description 
Measured 

values 
(F/D) 

Social synchrony behavior     

Gaze synchrony 
Dog and dog handler engage in 

simultaneous social gaze (dog looks at 
handler, handler looks at dog) 

F, D 

Joint attention Dog and handler attend to the same target F, D 

Touch synchrony 
Handler provides affectionate touch while 

handler and dog look at each other 
F, D 

Responsiveness to a handler’s cue     

Fulfilled 
The dog fulfils the handler’s cue within 5 

sec 
F 

Not fulfilled 
The dog doesn’t fulfil the handler’s cue 

within 5 sec 
F 

Others     

Ears plastered back Backward positioning of ears F 
Looking at Looking to either the handler or patient F 

Lips/nose licking 
Part of the tongue is shown and moves 

along the upper lip and/or nose 
F 

Yawning 
Slow and deep inhalation with forced and 

involuntary jaws and mouth opening 
F 

Paw lifting 
A fore paw is lifted from the ground, flexed 

into a position of approximately 45° 
F 

Tail down Lowered position of tail F 

Vocalizing 
Any form of vocalization, including 

barking, whining, growling, howling. 
F 

Standing 
Upright static position with at least 3 paws 

in contact with the ground for >1 min 
D 

Sitting 

Static position with hindquarters flexed and 
in contact with the ground; forelimbs are 

extended with only paws in contact with the 
ground for >1 min 

D 

Recumbent 
Static position with trunk lying in complete 
contact with the ground in lateral, sternal or 

dorsal recumbency for >1 min 
D 

Exploring 
The dog moves slowly, sniffing and 

investigating the environment 
D 

Playing 
Playful interactions with elements from the 

environment 
D 
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Avoidance 

Escape behavior, withdrawal, eyes or head 
turned away from either the handler or 

patient  
F 

Attention-seeking 

Seeking attention and physical contact from 
handler and/or patient: nuzzling or pawing 
for attention, jumping up on, asking to be 

petted 

F 

Changing of posture 
Frequent changes of position: standing up 

shortly after sitting/lying down for < 30 sec 
F 

Sniffing 
Sniffing along object and/or the floor before 

responding to handler’s cue 
F 

Persistent self-grooming 
Oral behavior directed towards dog’s own 

body (licking, chewing skin or coat) for > 1 
min 

F 

Scratching 
Purposeful movement of limbs to scratch 

any part of body 
F 

Circling Continuous walking in short circles F 
Body shaking Move, shake the body with energy F 

 
F = Frequency; D = Duration 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 

 
 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT
 
 

Table 3 Differences in social synchrony duration assessed by semi-quantitative method 

 
Syncrony behaviors Phase T1(GI) Total    STASTISTICS   

    < 1 sec 1-5 sec > 5 sec          Kruskal-Wallis test 
    % % % %   P   

 GAZE SYNCRONY 67.5 29.9 2.6* 100  0.001  

             

 JOINT ATTENTION 43.8 41.3 14.9* 100  0.001  

            

 TOUCH SYNCRONY 65.3 28.6* 6.1* 100  0.001  

 
Values are expressed in terms of percentages.  

T1: during guided interactions (GI) with patients. * = P < 0.05 vs the other categories of duration 

within behavior. 
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Table 4 Differences in the relative frequency of spontaneous physical contact-seeking (sPCS) 
with patients among dogs during guided interactions  

 

Dog 
 

sPCS with patients 
(F)  

dyad 1        2.3* ± 0.2 

dyad 2 0.5 ± 0.3 

dyad 3 1.0 ± 0.3 

dyad 4 0.2 ± 0.1 
 

Values are expressed as relative means (n. occurrences/min) ± S.E. 
  * = vs the other dogs, Kruskal-Wallis test P < 0.05.  
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Table 5 Mean concentrations of salivary cortisol and heart rate in AAA and control days 
 
 

Subject Days 
Cortisol (ng/ml)           

T0 
Cortisol (ng/ml)           

T2 

Wilcoxon 
Signed-Rank 

test 
   Mean S.E. Mean S.E. P 

Dogs Control 1.4 0.4 1.1 0.3 - 
Dogs AAA 1.2 0.3 0.8 0.1 - 
Handlers Control  10.0* 0.3 4.5 0.1 0.001 
Handlers AAA    9.0* 0.2 4.5 0.1 0.003 

Subject Days HR             
T0 

HR        
T2 

Mann-Whitney 
U test 

 
    Mean S.E. Mean S.E. P 

Dogs Control 60.0 3.3 65.0 3.9 - 
Dogs AAA 74.0§ 2.6 80.0 3.9 0.001 
Handlers Control 79.0 2.7 78.0 1.6 - 
Handlers AAA 85.0 4.2 81.0 2.2 - 

 
AAA: Animal Assisted Activities; * = P < 0.05 T0 vs T2.  
HR: Heart Rate. § = P < 0.05 AAA vs Control. 
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Table 6 Differences in mean concentrations of salivary cortisol among dogs 
 

Day Time point Dogs' Salivary Cortisol (ng/ml)    Kruskal-Wallis test 
    Dog1 Dog 2 Dog 3 Dog 4     

    Mean S.E. Mean S.E. Mean S.E. Mean S.E. P 
Control T0 0.6 0.0  1.2* 0.0 0.6 0.1 3.3* 0.8 0.010   
AAA T 0 0.6 0.1  1.3* 0.2 0.7 0.1 2.4* 0.9 0.026   

Control T2 0.6 0.1 0.7 0.1 0.6 0.2   2.5** 0.2 0.010   
AAA T 2 0.5 0.1 0.9 0.1 0.5 0.0   1.3** 0.5 0.045   

 
AAA: Animal Assisted Activities; T0: 

* = vs Dog 1 and Dog 3; T2: 
**  = vs all other dogs. 
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FIGURE CAPTIONS 

 

Fig. 1 - Spatial arrangement of AAAs. a) A moment of the group session with one of the two 

visiting handler-dog dyads. The experimenter (holding a white block-notes) and the two healthcare 

professionals (sitting on the sofa) are also visible. b) – A moment of the group session with both 

visiting handler-dog dyads, each working with a recumbent patient. The experimenter (holding a 

white block-notes) is also visible. AAA: Animal Assisted Activities. 

 

Fig. 2 – Mean frequency (n/min) of social synchrony behaviors before (T0), during (T1) and after 

(T2) an AAA session.  

AAA: Animal Assisted Activities; GS= Gaze Synchrony; JA= Joint Attention; TS=Touch 

Synchrony  

GS and JA:  * = T1 vs T0, P < 0.05 Kruskal-Wallis test. T1: 
# = JA vs GS and TS, P < 0.05 Kruskal-

Wallis test. 

 

Fig. 3 – Mean duration of dogs’ resting versus active behaviors before (T0), during (T1) and after 

(T2) an AAA session, expressed as %.  

AAA: Animal Assisted Activities; * = vs the other behaviors, P < 0.05, Kruskal-Wallis test. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1 
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Fig. 2 
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Fig. 3 
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Highlights 

1. Synchrony patterns between handler and dog were investigated in the context of animal assisted activities  
2. All handler-dog dyads showed synchronous behaviors, particularly joint attention 
3. No stress-related signs were detected in either the dogs or their human partners 

 

 

 


