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The inner brow raiser is a muscle movement that increases the size of the orbital cavity, leading to the appearance of so-called ‘puppy dog eyes’. In domestic dogs, this expression was suggested to be enhanced by artificial selection and to play an important role in the dog-human relationship. Production of the inner brow raiser has been shown to be sensitive to the attentive stance of a human, suggesting a possible communicative function. However, it has not yet been examined whether it is sensitive to human presence. In the current study, we aimed to test whether the inner brow raiser differs depending on the presence or absence of an observer. We used two versions of a paradigm in an equivalent experimental setting in which dogs were trained to expect a reward; however, the presence/absence of a person in the test apparatus was varied. In the social context, a human facing the dog delivered the reward; in the non-social context, reward delivery was automatized. If the inner brow raiser has a communicative function and dogs adjust its expression to an audience, we expect it to be shown more frequently in the social context (when facing a person in the apparatus) than in the non-social context (when facing the apparatus without a person inside). The frequency of the inner brow raiser differed between the two contexts, but contrary to the prediction, it was shown more frequently in the non-social context. We further demonstrate that the inner brow raiser is strongly associated with eye movements and occurs independently in only 6% of cases. This result challenges the hypothesis that the inner brow raiser has a communicative function in dog-human interactions and suggests a lower-level explanation for its production, namely an association with eye movements.
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INTRODUCTION

Facial expressions accompany (putative) emotional states in humans and non-human animals (reviewed by Descovich et al., 2017) and can provide information about an individual’s intentions and potential future behavior (Waller et al., 2017), both in positive contexts such as signaling playful intent (Fox, 1970) and in negative contexts such as predicting aggression (Camerlink et al., 2018). While facial expressions have often been considered to be mainly reflexive and invariable, particularly when linked to emotional states (see e.g., Liebal et al., 2014; Scheider et al., 2016; reviewed by Jones et al., 1991; Kaminski et al., 2017), for humans and several non-human primate species there is evidence of audience effects on the production of facial expressions: individuals will adjust their facial displays depending on the presence or attentive state of an observer (e.g., Kraut and Johnston, 1979; Jones et al., 1991; Liebal et al., 2004; Poss et al., 2006; Demuru et al., 2015; Waller et al., 2015; Scheider et al., 2016). This sensitivity to an audience suggests a communicative function of the respective expression (Leavens et al., 1996), which may thus constitute a ‘signal,’ i.e., a behavior evolved for the purpose of information conveyance (Laidre and Johnstone, 2013). In contrast, a ‘cue’ constitutes a mere by-product of an animal’s behavior which may coincidentally convey information to another individual (Shariff and Tracy, 2011; Laidre and Johnstone, 2013). The only non-primate species where the effect of an audience on the production of facial expressions has so far been reported, to our knowledge, is the domestic dog (Canis familiaris) (Kaminski et al., 2017).

To assess whether human attention and/or an emotionally arousing stimulus affected facial expressions in dogs, Kaminski et al. (2017) compared dogs’ facial expressions directed at either an attentive person (standing in front of and facing the dog) or an inattentive person (turned away from the dog). Additionally, it was varied whether or not this person was holding a piece of food (considered to be an emotionally arousing stimulus) (Kaminski et al., 2017). In line with an audience effect, dogs’ facial expressions differed depending on the person’s attentive stance, and this effect was particularly strong for two actions: the ‘inner brow raiser’ and ‘tongue show,’ which were shown more often when the human was facing the dog than when she was turned away, implying a possible communicative function of these expressions (Kaminski et al., 2017). The visibility of the food item, however, did not significantly affect the dogs’ facial display, suggesting that it does not primarily constitute an emotional expression (Kaminski et al., 2017).

The inner brow raiser in particular has attracted researchers’ attention in the context of dog-human communication. By raising the medial part of the eyebrow, the inner brow raiser increases the height of the orbital cavity, thus creating the impression of larger eyes (Waller et al., 2013). This paedomorphic expression was hypothesized to be particularly attractive to humans (Waller et al., 2013). One study reported that in shelter dogs, the rate of the inner brow raiser (measured when a person was standing in front of the kennel) was inversely related to time at the shelter until rehoming (Waller et al., 2013). Dogs with a high frequency of raising the brow might thus have a selective advantage (Waller et al., 2013). This effect may not only be at work in the current environment, but by using rehoming speed as a proxy for human selection during evolution, it was proposed that performance of the inner brow raiser was selected for in dogs in the course of domestication (Waller et al., 2013).

To investigate this hypothesis further, Kaminski et al. (2019) compared the production of the inner brow raiser as well as anatomical features underlying this movement in dogs and their closest extant relatives, gray wolves (Canis lupus). The study indicated differences between the species in both anatomy and behavior: in dissections of six domestic dogs and four wolves, the muscle responsible for the inner brow raiser movement (levator anguli oculi medialis = LAOM) was typically pronounced in dogs, whereas in the wolves it was more variable, usually ill-defined and not a separate muscle (Kaminski et al., 2019). Kaminski et al. (2019) further compared the production of inner brow raiser movements in shelter dogs and captive gray wolves when a human observer was standing in front of the kennel/enclosure. A higher frequency and intensity of inner brow raiser movements were observed in the dogs compared to the wolves (Kaminski et al., 2019). Thus, Kaminski et al. (2019) concluded that artificial selection resulted in a change in the facial musculature of dogs to enhance dog-human communication.

If a behavior has a communicative function, it would be expected to vary contextually based on the presence or absence of a receiver of this expression. For example, chimpanzees were considered to use a behavioral action communicatively if it was shown more often when a human observer was present than in the absence of an audience (Leavens et al., 1996). However, this most basic form of an audience effect, namely whether dogs’ production of the inner brow raiser is affected by the presence of an audience (also referred to as social use, see Liebal et al., 2014; Waller et al., 2015), has not been tested so far.

Our first aim, therefore, was to investigate whether the inner brow raiser in dogs is sensitive to the presence of an audience. To this end, we compared dogs’ expression of the inner brow raiser in a social context with an interacting human and in a non-social context without face-to-face interaction with a human. Using a within-subjects design, dogs were trained to expect a reward from an apparatus where the reward was delivered either (1) through a remotely controlled reward-delivery system without a person inside the apparatus (non-social context) or (2) by a person sitting inside the apparatus and facing the dog (social context). The social context represented a situation in which dogs were expected to likely communicate with humans, namely when awaiting a reward to be delivered by a person (Gaunet, 2008, 2010). In addition, we varied other situational features and explored their effect on the inner brow raiser production to enhance the validity of our findings. Therefore, in both the non-social and the social context we also varied the valence of the trial (positive: anticipation of a reward; negative: prevention of access to a visible reward) and the reward type the dogs were conditioned to expect. We used food and toys as both are considered to function as rewards in dogs (Gerencsér et al., 2018). However, they can be associated with different appetitive behavioral actions (i.e., ingestion of a palatable item vs. object manipulation), motivational states (e.g., Burghardt et al., 2016), and individual responsiveness (Gerencsér et al., 2018). Based on the previous evidence that the inner brow raiser serves a communicative function (Kaminski et al., 2017), but does not reflect an emotional state (Caeiro et al., 2017; Kaminski et al., 2017; Bremhorst et al., 2019), we predicted a higher incidence of the inner brow raiser in the social context (when facing a human) than in the non-social context, but no effect of trial valence.

Our second aim concerned the proximate mechanisms of the inner brow raiser movement. We explored an alternative hypothesis for its production in different contexts, given that the principle of parsimony postulates that lower-level explanations have to be ruled out before drawing conclusions regarding cognitively more complex processes (see Epstein, 1984; Zentall, 2017). According to the manual on DogFACS (Waller et al., 2013), an anatomically based coding method to systematically identify facial appearance changes due to muscle movements in dogs, the inner brow raiser appears to accompany eye movements and can even be used to infer eye movements, which are sometimes hard to detect. However, if the inner brow raiser primarily accompanies eye movements, then differences in its production between contexts could be an artifact simply based on differences in gazing behavior, providing a possible lower-level explanation for observations of this facial expression. Empirical evidence for an association between the inner brow raiser and eye movements is lacking. Therefore, in a subsequent second step, we used the video samples generated for our first research aim to analyze the frequency of eye movements across the different contexts and their association with the inner brow raiser.



MATERIALS AND METHODS


Subjects

Our subjects were 21 family pet dogs (12 females and 9 males; mean age: 4.76 years ± SD = 2.77; see Supplementary Table 1 for details), recruited personally or via social media. To minimize effects of morphological variation on the facial display, we included only one breed without morphological extremes, Labrador retrievers, and one Labrador cross with a Labrador-like morphology.



Study Design

The study consisted of two versions of a paradigm with an equivalent experimental setting and contingencies, except that a person was either absent (non-social context) or present (social context) inside a test apparatus (Figure 1). The dogs were conditioned to expect a desired reward (toy/food) to be delivered from this test apparatus. In the non-social context, the reward was delivered remotely. In contrast, in the social context, the experimenter was sitting inside the apparatus, visible to the dog, and handed the reward to the dog.
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FIGURE 1. Sketch of the experimental set-up and image of the apparatus in the (A) non-social context and (B) social context (with the experimenter present inside the apparatus; image credit: Adrian Bear/Tierwelt).


The following test conditions were varied (Figure 2): (1) context – non-social and social (absence or presence of a person inside the test apparatus), (2) reward type – toy and food, and (3) valence of the trial – positive (anticipation of access to a reward) and negative (prevention of access to a visible reward).
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FIGURE 2. Study design with the test conditions that varied in the current study (context: non-social/social; reward type: toy/food; valence of the trial: positive/negative), the total number of test trials and analyzed samples (each sample was a 3 s video clip).




Test Apparatus

The test apparatus was a custom-made wooden/metal construction (1.80 × 0.90 m) with a delivery window approximately at the dogs’ head height. The window could be covered using a remote-controlled transparent Perspex panel, which allowed for the filming of the dogs’ facial expressions while they were waiting for the reward. In the social context, a piece of cardboard was additionally used to cover the window to prevent the dogs from seeing the experimenter between trials. The interior of the apparatus varied between the non-social and the social context. In the non-social context, an automatic reward dispenser (functioning like a trap door) onto which the reward could be placed was mounted in the apparatus above the dog’s head height (Figure 1). The reward dispenser was hidden behind a piece of cloth to prevent the dogs from seeing the reward before it was delivered. In the social context, a wooden table was mounted in the apparatus and connected to the window. The experimenter sat in the apparatus so that her head was at approximately the same height as the reward dispenser in the non-social context (Figure 1).



Experimental Procedure


Preliminary Preference Tests

With each dog, we conducted preference tests first between two toys and then between two food types, using paired presentations over 10 trials per reward type. As we only wanted to use rewards that the individual was motivated to obtain, the respective reward type was used for testing if the dog made a choice in at least eight trials, and the more frequently selected option was used in the subsequent procedure. All 21 dogs met this criterion with the food reward and 19 dogs with the toy reward. The 19 dogs that were sufficiently motivated for both reward types were additionally tested in a third preference test in which they could choose between their most preferred food and their most preferred toy over 10 trials. As all but two dogs preferred the food to the toy reward, this factor was not considered in the subsequent analyses.



Training

Training trials served to condition the dogs to approach the apparatus and to wait for 5 s until the reward was delivered. At the start of each trial, the window of the apparatus was covered by the Perspex panel and in the social context by the additional piece of cardboard. The owner was sitting on a chair 1.80 m from the apparatus with the dog next to her or him. The owner then released the dog and gave a verbal and visual release signal. In the first trials of the session (five trials in the first training session; in case a second training session was required, this was reduced to three), the owner then walked to the front of the apparatus and looked into it to draw the dog’s attention to this location. In all other trials, the owner remained sitting on the chair, which allowed us to see whether the dog approached the apparatus on her/his own, indicating the subject’s motivation and level of training to associate the apparatus with the reward. After 5 s, regardless of the dog’s behavior, the transparent panel was slid upwards by means of a remote-controlled system and the reward (which until then was out of the dog’s view) was delivered.

In the non-social context, reward delivery was performed by the automated system, i.e., as soon as the trap door was activated remotely, the reward fell onto a slide and slid down to the window, where it became accessible to the dog. In the social context, delivery was performed by the experimenter who handed the reward (which she had been holding in her hand below the wooden table) to the dog through the window. The dog could then consume the reward (ingest the food or play with the toy for a maximum of 30 s; this duration varied between individuals mainly due to differences in interest, play behavior, strength of motivation, obedience when returning the toy, etc.). At the end of each trial, the transparent panel was remotely activated to move down until it completely covered the window again. The next trial commenced shortly after the dog was back in the starting position next to the owner.

The training criterion to proceed to the test was that the dog immediately approached the apparatus on her or his own when released and waited in front of the apparatus until the reward was delivered in five consecutive trials. Only trials in which the owner remained sitting were evaluated for this purpose. This training criterion provided an objective means to evaluate the dog’s association between the apparatus and the reward and allowed to consider individual learning speed while keeping the number of repetitions as low as possible to avoid loss of interest.

A maximum of two training sessions with 10 trials each was conducted. If the dog did not reach the training criterion within these sessions, or if motivation decreased over repeated trials (i.e., the response deteriorated), training was terminated with this reward type in the respective context. The 19 dogs who were sufficiently toy motivated in the preference test were first trained with their preferred toy reward (and second with food) in both the non-social and the social context. Of these, 12 dogs reached the training criterion and were tested with the toy reward in the non-social context. In the social context, 15 dogs passed the training criterion and proceeded to testing with the toy (see Supplementary Table 1 for an overview). All 21 subjects were sufficiently motivated for the food reward in the preference test, reached the training criterion within two sessions in both the social and the non-social context and were therefore tested with food rewards in both contexts.



Testing

Positive and negative test trials were conducted (video examples of a positive and a negative test trial in the social and the non-social context are provided as Supplementary material). The procedure of the positive test trials was the same as in the training trials (described in section ‘Training’), with the 5 s delay until reward delivery considered as the ‘anticipation phase’. In the negative test trials, the reward was also delivered after 5 s, but the transparent panel did not open for 60 s (i.e., the ‘frustration phase’). During this time, the dog could see the reward lying in front of the transparent panel in the apparatus (non-social context), or in the experimenter’s hand (social context), but was unable to obtain it.

In trials of the social context (both training and testing), the experimenter always sought eye contact with the dog (without continuous direct staring) to facilitate a natural communicative interaction. The experimenter’s facial expression was friendly with a gentle smile to avoid any reluctance of the dogs to approach, which could be the case with a neutral face, as a neutral expression seems to be interpreted negatively by dogs (Racca et al., 2012; Ford et al., 2019).

All dogs first participated in the non-social context and subsequently in the social context. The fixed order of contexts was selected for reasons relating to project management and because we did not want to create an expectation of the experimenter handing the reward to the dog (as done in the social context) before the dog was tested in the non-social context. This might have attracted the dog’s focus away from the apparatus to the experimenter, who was also in the room during the non-social context (hidden behind a divider behind the dog) to operate the apparatus. Furthermore, the dogs always participated in the toy condition first, if applicable, as pilot studies had shown that loss of interest could be prevented by performing the session with the reward type that was preferred by nearly all subjects (food) after the session with the less preferred toy reward.

As a result of the fixed order of contexts, fewer training trials were required for the social context than for the non-social context, presumably because the dogs were already familiar with the procedure and the apparatus (mean number of evaluated trials until the training criterion was reached: non-social context—toy: 8.58, food: 5.33; social context—toy: 5.00, food: 5.00). Consequently, whereas in the non-social context training and testing of each reward type was performed in separate sessions to keep the number of repetitions low and prevent fatigue, in the social context training and testing could be combined in one session.

In the non-social context, five positive test trials were conducted before a single negative test trial. Five additional positive trials performed subsequently were aimed at reducing potential carry-over effects of this negative experience on the performance in the subsequent social context, although in the meantime we found that valence of the preceding trial does not seem to considerably affect expressions in the subsequent trial (Bremhorst et al., 2019). In the social context, two positive test trials were conducted directly after the training criterion was reached, followed by a single negative trial. A last positive test trial was aimed at ending the study with a positive experience for both the dog and the owner.




Behavior Coding


Preparation of Video Samples

For each of the 21 subjects, two positive and two negative video samples of 3 s duration per reward type (food/toy when applicable) were created for each context (non-social/social). The duration of the samples was determined by the length of the positive trials; from the two positive trials directly preceding the negative trial, we used the middle 3 s from the ‘anticipation phase’ (i.e., ending 1 s before the transparent panel started to open). A previous study has shown that this time interval is long enough for several facial movements to occur (Bremhorst et al., 2019). For comparability, negative samples were of equal quantity and length as the positive samples, i.e., following the procedure of Bremhorst et al. (2019), two randomly selected negative samples of 3 s duration each were cut from the ‘frustration phase’ of the negative trial (excluding the first 10 s as the frustration response may not be triggered immediately).

A total of 276 samples was prepared, comprising 132 samples from the non-social context (toy positive: 24 samples, toy negative: 24 samples, both N = 12 (N refers to the number of subjects); food positive: 42 samples, food negative: 42 samples, both N = 21) and 144 samples from the social context (toy positive: 30 samples, toy negative: 30 samples, both N = 15; food positive: 42 samples, food negative: 42 samples, both N = 21).



Inner Brow Raiser Coding

Using DogFACS (Waller et al., 20131), coding of the inner brow raiser (which is labeled with the code AU101) was performed (see Figure 3 for an example of a bilateral inner brow raiser). As a first step, the frequency of the inner brow raiser in the 276 samples was coded by two certified DogFACS coders, one of whom was blind to the research hypothesis. As is common practice to the authors’ knowledge, the inner brow raiser was coded independently of eye movements. Reliability between the coders over the 276 samples was very good with an average intraclass correlation coefficient of 0.80 (95% CI: 0.72–0.85).
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FIGURE 3. Dog producing a bilateral inner brow raiser movement.




Eye Movements and Combinations With the Inner Brow Raiser Coding

In a second step, we subsequently coded eye movements in four directions [left, right, up, down; as described in the DogFACS manual (Waller et al., 2013)]. To analyze the association between eye movements and the inner brow raiser, the following combinations of both behaviors were furthermore recorded: eye movements occurring (1) simultaneously (i.e., within 0.2 s) with the inner brow raiser (‘Eye movement present/inner brow raiser (movement) present’), (2) while the inner brow raiser remained tensed (‘Eye movement present/inner brow raiser (tension) present’), (3) without inner brow raiser movement or tension (‘Eye movement present/inner brow raiser absent’), or (4) inner brow raiser movement occurring without eye movement (‘Eye movement absent/inner brow raiser present’).

Coding was performed by a certified DogFACS coder who was blind to the research hypothesis, using a subsample of the original video samples. For this subsample, one positive and one negative sample per reward type from both the social and the non-social context were initially selected for each subject. We equally balanced between subjects whether the first or second of the two samples of each valence was used. However, if eye movement was hard to detect in the selected sample (mainly due to environmental conditions such as bad lighting or video quality such as insufficient sharpness), it was excluded from the analysis and the second sample of the corresponding condition was used if the eye movements were clearly detectable. It was not possible to obtain usable samples from all dogs from all conditions due to a lack of image quality; therefore the final subsample comprised 95 samples including 50 samples from the non-social context (toy positive: 10 samples, N = 10; toy negative: 11 samples, N = 11; food positive: 17 samples, N = 17; food negative: 12 samples, N = 12) and 45 samples from the social context (toy positive: 10 samples, N = 10; toy negative: 7 samples, N = 7; food positive: 14 samples, N = 14, food negative: 14 samples, N = 14). From each of the 21 individuals, at least one sample was included in the subsample.

To analyze intercoder reliability, a second certified DogFACS coder coded 20 of these samples (>20% of all videos of the subsample; 10 samples each were randomly selected from the social and the non-social context). Reliability between the two coders was very good with an average intraclass correlation coefficient of 0.93 (95% CI: 0.82–0.97) for ‘Eye movement present/inner brow raiser (movement) present’ and 0.89 (95% CI: 0.71–0.96) for ‘Eye movement present/inner brow raiser (tension) present’. There was a complete agreement for ‘Eye movement present/inner brow raiser absent’ and ‘Eye movement absent/inner brow raiser present’.




Statistical Analyses

Statistical analyses were conducted in R Studio (version 1.2.1335).


Inner Brow Raiser

We analyzed whether the frequency of the inner brow raiser was affected by the test conditions that varied in the current study (context, reward type, valence of the trial) and by subject sex and age. Linear mixed effect models were computed (function: lme; package: nlme), using the frequency of the inner brow raiser as a response variable. Context (non-social/social), reward type (toy/food), valence of the trial (positive/negative), subject sex (female/male), and age were used as predictor variables. Subject ID was included as a random factor. Model assumptions were verified using visual inspection of the residuals.

To evaluate whether there was a relationship between the inner brow raiser and sample order within the social or the non-social context, we correlated the frequency of the inner brow raiser within each context with the sample number, using a repeated measures correlation (function: rmcorr; package: rmcorr; Bakdash and Marusich, 2017). When both reward types were tested within a context, the sample number ranged from one to eight; when only food was tested, it ranged from one to four.



Eye Movements and Combinations With the Inner Brow Raiser

To analyze whether the frequency of eye movements differed between the non-social and the social context and was affected by reward type, valence of the trial, subject sex, or age, linear mixed effect models were computed using the same approach as previously described for the inner brow raiser (section ‘Inner Brow Raiser’).

Associations between the inner brow raiser and eye movements were analyzed descriptively by comparing the frequencies of ‘Eye movement present/inner brow raiser (movement) present’, ‘Eye movement present/inner brow raiser (tension) present’, ‘Eye movement present/inner brow raiser absent’, and ‘Eye movement absent/inner brow raiser present’, and inferentially by computing a Cochran-Mantel-Haenszel chi-square test (function: cmh_test, package: coin). The four quadrants used for this test were the frequencies of events in which eye movements and/or the inner brow raiser were observed (‘Eye movement present/inner brow raiser present (movement and tension summarized)’, ‘Eye movement present/inner brow raiser absent’, ‘Eye movement absent/inner brow raiser present’) as well as ‘Eye movement absent/inner brow raiser absent’.





RESULTS


Inner Brow Raiser

Context (non-social/social) was the only predictor that significantly affected the inner brow raiser production: the inner brow raiser was shown more frequently in the non-social context than in the social context [F(1, 252) = 24.62, P < 0.0001; N = 21; see Table 1 and Figure 4]. Neither reward type nor valence of the trial, subject sex, or age affected the frequency of the inner brow raiser significantly (Table 1).


TABLE 1. Results of the linear mixed effect model with the inner brow raiser as a response variable and context (social/non-social), reward type (toy/food), valence of the trial (positive/negative), subject sex (female/male), and age as predictor variables.
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FIGURE 4. Mean and 95% confidence interval of the frequency of inner brow raiser movements per 3 s video sample in the social and the non-social context.


The frequency of the inner brow raiser was unrelated to sample order both within the non-social context (repeated measures correlation rrm = 0.02; P = 0.87; 95% CI: −0.17 to 0.20; N = 21) and the social context (repeated measures correlation rrm = -0.11; P = 0.23; 95% CI: −0.28 to 0.07; N = 21).



Eye Movements and Combinations With the Inner Brow Raiser

As with the inner brow raiser, eye movements were significantly affected only by context: eye movements were produced more frequently in the non-social context than in the social context [F(1, 71) = 5.23, P = 0.03; N = 21]. There was no significant effect of reward type, trial valence, subject sex, or age (Table 2).


TABLE 2. Results of the linear mixed effect model with eye movements as a response variable and context (social/non-social), reward type (toy/food), valence of the trial (positive/negative), subject sex (female/male), and age as predictor variables.

[image: Table 2]
Across all 211 observations of the inner brow raiser and/or eye movements, in 94% of cases (198 of 211 observations) eye movements occurred in conjunction with an inner brow raiser movement or inner brow raiser tension. In 63% (132 observations), the inner brow raiser movement was simultaneous with eye movements and in 31% (66 observations) the brows remained tensed while the eyes were moving (Figure 5). Eye movements were never observed without the inner brow raiser, and the inner brow raiser without eye movements was only observed in 6% of cases (13 observations; Figure 5).
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FIGURE 5. Frequency of observations of the coded behavior combinations of eye movements and/or the inner brow raiser.


The quadrant ‘Eye movement absent/inner brow raiser absent’ was calculated by first computing the maximum possible frequency of codable events in the subsample (consisting of 95 samples). In each sample (3 s duration), a maximum of 15 events could be coded (i.e., one event per observation unit of 0.2 s). From the resulting maximally codable 1,425 events in the subsample (i.e., 95 samples × 15 events), the frequencies of the coded events of each behavior combination were subtracted to obtain the frequency of events (0.2 s units) in which no eye movement or inner brow raiser was initiated (see Table 3). The association between the inner brow raiser and eye movements was highly significant (χ2MH = 1322.1, df = 1, P < 0.0001; N = 21).


TABLE 3. 2 × 2 contingency table showing the four quadrants used for the Cochran-Mantel-Haenszel chi-square test, based on 95 video samples with 15 events each, resulting in a total of 1,425 events.
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DISCUSSION

Dogs’ expression of the inner brow raiser differed significantly between the non-social and the social context; however, contrary to the prediction, dogs performed the inner brow raiser more frequently in the non-social context, regardless of the expected reward type, trial valence, subject sex, or age. This direction of effect challenges the assumption that the inner brow raiser is used functionally by dogs for communication with humans (see Kaminski et al., 2017, 2019), and alternative explanations for the production of the inner brow raiser need to be considered.

Our results demonstrate that the inner brow raiser rarely occurs on its own but is usually shown in conjunction with eye movements. Likewise, eye movements were never observed without either the inner brow moving simultaneously or remaining tensed. Thus, the inner brow raiser appears to be an integral feature of eye movements. Consequently, the most likely explanation for the effects of the sociality of the context on the production of the inner brow raiser is the difference in gazing behavior between the social and the non-social context.

Several factors can potentially account for the lower frequency of gaze changes (and thus inner brow raiser movements) in the social context. As dogs are prone to looking at humans’ faces (Miklósi et al., 2003), in particular the eye area (Topál et al., 2014), the experimenter’s face was likely a highly salient stimulus for them to focus on. Furthermore, eye contact in a face-to-face setting, as it was the case in the social context, was described to increase dogs’ attention to a human’s face (Topál et al., 2014). Conversely, without a face to focus on, the dogs may have been looking around more in the non-social context. Importantly, as the experimenter was seated on a low stool in the current study, looking into her face (like looking at the automatic reward dispenser) did not require the dogs to move their eyes much – unlike in previous studies where the experimenters were standing (Waller et al., 2013; Kaminski et al., 2017, 2019) and the dogs would presumably have to look up to make eye-contact.

Another factor that could potentially have differed between the two contexts is the state of arousal. Arousal, which could be triggered by the proximity or orientation of another individual, has been considered a potential (lower-level) mechanism for audience effects (Zajonc, 1965; Liebal et al., 2014). In the current study, high arousal might be associated with greater vigilance and thus increased rates of eye movements and consequently brow movements. It could be hypothesized that dogs’ arousal declined over the course of the testing sessions (first the non-social context, then the social context) due to dogs habituating to the set-up and procedure. However, if arousal was driving the differences between contexts, we would also expect it to operate within each context, and the same should apply to arousal during the tests with different reward types (with the toy condition always preceding the food condition). The fact that there was no significant effect of reward type on the inner brow raiser argues against differential arousal levels as the decisive factor. Likewise, sample order did not have a significant effect on the production of the inner brow raiser. To better understand the effect of arousal on eye and inner brow movements, future studies could additionally collect physiological parameters that indicate a subject’s arousal level, such as heart rate (e.g., Zupan et al., 2016), eye or ear temperature (e.g., Riemer et al., 2016; Travain et al., 2016).

In the current study, we have demonstrated that the inner brow raiser is primarily incidental to eye movements in dogs and presumably not of general communicative value. The finding highlights the importance of considering simpler mechanisms before inferring cognitively more complex interpretations, as also recently discussed for the study of canine emotions (Zentall, 2017). We suggest that the previous findings on the possible social function of the inner brow raiser (Kaminski et al., 2017), might possibly also be explained by differences in gazing behavior. In the attentive condition of Kaminski et al. (2017), the human was standing 1 m from the dog. Hence, to look at the human’s face, the dogs would have to move their head and/or eyes upwards, which is less likely to have occurred in the inattentive condition, in which the human had her back turned to the dog. Thus, the increased production of the inner brow raiser could be an artifact of variation in gaze behavior between the two conditions.

The same explanation could potentially account for the observed differences in the production of the inner brow raiser reported in the comparative study with dogs and wolves (Kaminski et al., 2019). Dogs have been found to gaze more at humans’ faces than wolves (Miklósi et al., 2003; Gácsi et al., 2005); hence the increased frequency of the inner brow raiser shown by the dogs in Kaminski et al. (2019) would be consistent with the dogs looking at the experimenter’s face more often than the wolves. A study comparing captive wolves and dogs furthermore indicated that dogs are more alert during resting than wolves (Kortekaas and Kotrschal, 2019), which may also be associated with a higher likelihood of dogs responding to the human experimenter in the study by Kaminski et al. (2019). Moreover, the test conditions differed between species in Kaminski et al. (2019). Whereas the dogs were tested in kennels at an animal shelter, the wolves were tested in their home enclosure at an animal park. However, a person is likely to attract greater attention, and thus gazing, from shelter dogs, which are often relatively deprived of human contact, than from wolves at a wolf park. Besides, the wolves’ enclosures were likely larger than the dogs’ kennels, which would place the dogs closer to the human observer. This might have caused the dogs to look upwards more than the wolves, potentially leading to more accompanying brow movements. Dogs’ tendency to seek human proximity (e.g., Gácsi et al., 2001; Topál et al., 2005; Barrera et al., 2010) could have further increased this effect. These alternative lower-level explanations for the results of the previous studies remain speculative but seem to be consistent with all data now available. Future studies could test this hypothesis further by systematically varying the above-described conditions in both species under otherwise identical testing conditions to examine these suggested associations and further explore the importance of different factors influencing the occurrence of the inner brow raiser.

The fixed order of testing could be considered a potential limitation of the current study; however, we did not expect test order to considerably affect our findings, as a previous study with a similar methodology demonstrated no carry-over effects from previous trials on dogs’ facial expressions (Bremhorst et al., 2019), and likewise, no effect of trial number on the dogs’ facial expressions was reported in Kaminski et al. (2017). To test for potential order effects, we assessed the relationship between the inner brow raiser and sample order, which was non-significant. Furthermore, neither reward type (the toy condition always preceded the food condition) nor valence (the positive samples always preceded the negative samples) significantly affected the frequency of the inner brow raiser (see Table 1). These findings make it unlikely that our results can be explained by testing order.

To conclude, we propose a cognitively lower-level explanation for the differential occurrence of the inner brow raiser in dogs depending on the sociality of the context. Our work emphasizes the importance of considering alternative explanations for what might appear superficially to be functional behavioral expressions.



DATA AVAILABILITY STATEMENT

The original contributions presented in the study are included in the article/Supplementary Material, further inquiries can be directed to the corresponding author/s.



ETHICS STATEMENT

The animal study was reviewed and approved by the cantonal authority for animal experimentation, the Veterinary Office of the Canton of Bern (Switzerland) (License no. BE62/18 30385) and the College of Science Research Ethics Committee, University of Lincoln (United Kingdom) (UID CoSREC304). Written informed consent was obtained from the owners for the participation of their animals in this study. Written informed consent was obtained from the individual(s) for the publication of any potentially identifiable images or data included in this article.



AUTHOR CONTRIBUTIONS

AB, SR, DM, and HW developed the study concept, design, and interpreted the data. AB conducted the experiments and drafted the initial manuscript. LS and AB (both certified DogFACS coders) coded the video samples using DogFACS. All authors reviewed and edited the manuscript.



FUNDING

AB was supported by the Paul-Schwab-Fonds (48–112) of the University of Bern and by a postgraduate scholarship of the University of Lincoln. SR was supported by an Ambizione Grant Project PZ00P3_174221 by the Swiss National Science Foundation (www.snf.ch).



ACKNOWLEDGMENTS

We would like to thank Markus Schwab for his great ideas and efforts in building our test apparatus and all dogs and their owners that participated in this study.



SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fpsyg.2021.568935/full#supplementary-material


FOOTNOTES

1www.animalfacs.com


REFERENCES

Bakdash, J. Z., and Marusich, L. R. (2017). Repeated measures correlation. Front. Psychol. 8, 456. doi: 10.3389/fpsyg.2017.00456

Barrera, G., Jakovcevic, A., Elgier, A. M., Mustaca, A., and Bentosela, M. (2010). Responses of shelter and pet dogs to an unknown human. J. Vet. Behav. Clin. Appl. Res. 5, 339–344. doi: 10.1016/j.jveb.2010.08.012

Bremhorst, A., Sutter, N. A., Würbel, H., Mills, D. S., and Riemer, S. (2019). Differences in facial expressions during positive anticipation and frustration in dogs awaiting a reward. Sci. Rep. 9, 19312. doi: 10.1038/s41598-019-55714-6

Burghardt, G. M., Albright, J. D., and Davis, K. M. (2016). Motivation, development and object play: comparative perspectives with lessons from dogs. Behaviour 153, 767–793. doi: 10.1163/1568539X-00003378

Caeiro, C. C., Guo, K., and Mills, D. S. (2017). Dogs and humans respond to emotionally competent stimuli by producing different facial actions. Sci. Rep. 7, 15525. doi: 10.1038/s41598-017-15091-4

Camerlink, I., Coulange, E., Farish, M., Baxter, E. M., and Turner, S. P. (2018). Facial expression as a potential measure of both intent and emotion. Sci. Rep. 8, 17602. doi: 10.1038/s41598-018-35905-3

Demuru, E., Ferrari, P. F., and Palagi, E. (2015). Emotionality and intentionality in bonobo playful communication. Anim. Cogn. 18, 333–344. doi: 10.1007/s10071-014-0804-6

Descovich, K., Wathan, J., Leach, M. C., Buchanan-Smith, H. M., Flecknell, P., Farningham, D., et al. (2017). Facial expression: an under-utilised tool for the assessment of welfare in mammals. ALTEX 34, 409–429. doi: 10.14573/altex.1607161

Epstein, R. (1984). The principle of parsimony and some applications in psychology. J. Mind Behav. 5, 119–130.

Ford, G., Guo, K., and Mills, D. (2019). Human facial expression affects a dog’s response to conflicting directional gestural cues. Behav. Processes 159, 80–85. doi: 10.1016/j.beproc.2018.12.022

Fox, M. W. (1970). A comparative study of the development of facial expressions in canids; wolf, coyote and foxes. Behaviour 36, 49–73. doi: 10.1163/156853970X00042

Gácsi, M., Gyori, B., Miklósi, Á, Virányi, Z., Kubinyi, E., Topál, J., et al. (2005). Species-specific differences and similarities in the behavior of hand-raised dog and wolf pups in social situations with humans. Dev. Psychobiol. 47, 111–122. doi: 10.1002/dev.20082

Gácsi, M., Topál, J., Miklósi, Á, Dóka, A., and Csányi, V. (2001). Attachment behavior of adult dogs (Canis familiaris) living at rescue centers: forming new bonds. J. Comp. Psychol. 115, 423–431. doi: 10.1037/0735-7036.115.4.423

Gaunet, F. (2008). How do guide dogs of blind owners and pet dogs of sighted owners (Canis familiaris) ask their owners for food? Anim Cogn. 11, 475–483. doi: 10.1007/s10071-008-0138-3

Gaunet, F. (2010). How do guide dogs and pet dogs (Canis familiaris) ask their owners for their toy and for playing? Anim. Cogn. 13, 311–323. doi: 10.1007/s10071-009-0279-z

Gerencsér, L., Bunford, N., Moesta, A., and Miklósi, Á (2018). Development and validation of the canine reward responsiveness scale – examining individual differences in reward responsiveness of the domestic dog. Sci. Rep. 8, 4421. doi: 10.1038/s41598-018-22605-1

Jones, S. S., Collins, K., and Hong, H.-W. (1991). An audience effect on smile production in 10-month-old infants. Psychol. Sci. 2, 45–49.

Kaminski, J., Hynds, J., Morris, P., and Waller, B. M. (2017). Human attention affects facial expressions in domestic dogs. Sci. Rep. 7, 12914. doi: 10.1038/s41598-017-12781-x

Kaminski, J., Waller, B. M., Diogo, R., Hartstone-Rose, A., and Burrows, A. M. (2019). Evolution of facial muscle anatomy in dogs. Proc. Natl. Acad. Sci. U.S.A. 116, 14677–14681. doi: 10.1073/pnas.1820653116

Kortekaas, K., and Kotrschal, K. (2019). Does socio-ecology drive differences in alertness between wolves and dogs when resting? Behav. Processes 166, 103877. doi: 10.1016/j.beproc.2019.05.024

Kraut, R. E., and Johnston, R. E. (1979). Social and emotional messages of smiling: an ethological approach. J. Pers. Soc. Psychol. 37, 1539–1553. doi: 10.1037/0022-3514.37.9.1539

Laidre, M. E., and Johnstone, R. A. (2013). Animal signals. Curr. Biol. 23, R829–R833. doi: 10.1016/j.cub.2013.07.070

Leavens, D. A., Hopkins, W. D., and Bard, K. A. (1996). Indexical and referential pointing in chimpanzees (Pan troglodytes). J. Comp. Psychol. 110, 346–353.

Liebal, K., Pika, S., and Tomasello, M. (2004). Social communication in siamangs (Symphalangus syndactylus): use of gestures and facial expressions. Primates 45, 41–57. doi: 10.1007/s10329-003-0063-7

Liebal, K., Waller, B. M., Burrows, A. M., and Slocombe, K. E. (2014). Primate Communication: A Multimodal Approach. Cambridge: Cambridge University Press.

Miklósi, Á, Kubinyi, E., Topál, J., Gácsi, M., Virányi, Z., and Csányi, V. (2003). A simple reason for a big difference: wolves do not look back at humans, but dogs do. Curr. Biol. 13, 763–766. doi: 10.1016/S0960-9822(03)00263-X

Poss, S. R., Kuhar, C., Stoinski, T. S., and Hopkins, W. D. (2006). Differential use of attentional and visual communicative signaling by orangutans (Pongo pygmaeus) and gorillas (Gorilla gorilla) in response to the attentional status of a human. Am. J. Primatol. 68, 978–992. doi: 10.1002/ajp.20304

Racca, A. A., Guo, K., Meints, K., and Mills, D. S. (2012). Reading faces: differential lateral gaze bias in processing canine and human facial expressions in dogs and 4-year-old children. PLoS One 7, 36076. doi: 10.1371/journal.pone.0036076

Riemer, S., Assis, L., Pike, T. W., and Mills, D. S. (2016). Dynamic changes in ear temperature in relation to separation distress in dogs. Physiol. Behav. 167, 86–91. doi: 10.1016/j.physbeh.2016.09.002

Scheider, L., Waller, B. M., Ona, L., Burrows, A. M., Liebal, K., Oña, L., et al. (2016). Social use of facial expressions in hylobatids. PLoS One 11, e0151733. doi: 10.1371/journal.pone.0151733

Shariff, A. F., and Tracy, J. L. (2011). What are emotion expressions for? Curr. Dir. Psychol. Sci. 20, 395–399. doi: 10.1177/0963721411424739

Topál, J., Gácsi, M., Miklósi, Á, Virányi, Z., Kubinyi, E., and Csányi, V. (2005). Attachment to humans: a comparative study on hand-reared wolves and differently socialized dog puppies. Anim. Behav. 70, 1367–1375. doi: 10.1016/j.anbehav.2005.03.025

Topál, J., Kis, A., and Oláh, K. (2014). “Dogs’ sensitivity to human ostensive cues: a unique adaptation?,” in The Social Dog, eds J. Kaminski and S. Marshall-Pescini (San Diego, CA: Academic Press), 319–346. doi: 10.1016/B978-0-12-407818-5.00012-7

Travain, T., Colombo, E. S., Grandi, L. C., Heinzl, E., Pelosi, A., Prato Previde, E., et al. (2016). How good is this food? A study on dogs’ emotional responses to a potentially pleasant event using infrared thermography. Physiol. Behav. 159, 80–87. doi: 10.1016/j.physbeh.2016.03.019

Waller, B. M., Caeiro, C. C., and Davila-Ross, M. (2015). Orangutans modify facial displays depending on recipient attention. PeerJ 3, e827. doi: 10.7717/peerj.827

Waller, B. M., Peirce, K., Caeiro, C. C., Scheider, L., Burrows, A. M., McCune, S., et al. (2013). Paedomorphic facial expressions give dogs a selective advantage. PLoS One 8, e82686. doi: 10.1371/journal.pone.0082686

Waller, B. M., Whitehouse, J., and Micheletta, J. (2017). Rethinking primate facial expression: a predictive framework. Neurosci. Biobehav. Rev. 82, 13–21. doi: 10.1016/j.neubiorev.2016.09.005

Zajonc, R. B. (1965). Social facilitation. Science 149, 269–274.

Zentall, T. R. (2017). The study of emotion in animals. Anim. Sentience 14, 3.

Zupan, M., Buskas, J., Altimiras, J., and Keeling, L. J. (2016). Assessing positive emotional states in dogs using heart rate and heart rate variability. Physiol. Behav. 155, 102–111. doi: 10.1016/j.physbeh.2015.11.027


Conflict of Interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

Copyright © 2021 Bremhorst, Mills, Stolzlechner, Würbel and Riemer. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.


OPS/images/cross.jpg
3,

i





OPS/xhtml/Nav.xhtml




Contents





		Cover



		‘Puppy Dog Eyes’ Are Associated With Eye Movements, Not Communication



		INTRODUCTION



		MATERIALS AND METHODS



		Subjects



		Study Design



		Test Apparatus



		Experimental Procedure



		Preliminary Preference Tests



		Training



		Testing







		Behavior Coding



		Preparation of Video Samples



		Inner Brow Raiser Coding



		Eye Movements and Combinations With the Inner Brow Raiser Coding







		Statistical Analyses



		Inner Brow Raiser



		Eye Movements and Combinations With the Inner Brow Raiser











		RESULTS



		Inner Brow Raiser



		Eye Movements and Combinations With the Inner Brow Raiser







		DISCUSSION



		DATA AVAILABILITY STATEMENT



		ETHICS STATEMENT



		AUTHOR CONTRIBUTIONS



		FUNDING



		ACKNOWLEDGMENTS



		SUPPLEMENTARY MATERIAL



		FOOTNOTES



		REFERENCES

















OPS/images/fpsyg-12-568935-g004.jpg
Inner brow raiser
= = N N N N
o o) =) [N ~ o

=
~

-
(S

Social

Non-social

= Mean
“[ Mean +95% CI





OPS/images/fpsyg-12-568935-g005.jpg
140

132
120
Z
© 100
=1
o
=
2
2 80
<}
s 66
& 60
=
(9]
=
o
o 40
w
20 13
o N
0
Coded Eye movement Present Present Present Absent
behavior  |nner brow raiser Present Present Absent Present

combinations (movement) (tension)






OPS/images/cover.jpg
, frontiers
in Psychology








OPS/images/fpsyg-12-568935-g002.jpg
STUDY DESIGN

CONTEXT Non-social

REWARD TYPE* Toy Food Toy Food
*Depending on individual motivation

as assessed by preliminary preference tests /\ /\ /\ /\
VALENCE Positive Negative  Positive Negative Positive  Negative  Positive  Negative
Total test trials 10 1 10 1 3 1 3 1

Analyzed samples 2 2 2 2 2 2 2






OPS/images/fpsyg-12-568935-g003.jpg
Inner brow raiser
(AU101)







OPS/images/fpsyg-12-568935-g001.jpg
A Non-social context

B Social context






OPS/images/logo.jpg
’ frontiers
in Psychology





OPS/images/fpsyg-12-568935-t003.jpg
Eye movement

Present Absent

Present 198 (movement + tension) 13
Absent 0 1,214

Inner brow raiser





OPS/images/fpsyg-12-568935-t002.jpg
Eye movements

Predictor df F P 95% ClI
Context 1,71 5.23 0.03 —1.24 to —-0.10
Reward type 1,71 0.01 0.91 —0.58 to 0.61
Valence of the trial 1,71 0.07 0.79 —0.49 t0 0.62
Sex 1,18 0.16 0.69 —0.59 to 0.90
Age 1,18 0.004 0.95 —0.14 t0 0.156





OPS/images/fpsyg-12-568935-t001.jpg
Inner brow raiser

Predictor df F P 95% CI
Context 1,252 24.62 <0.0001 —0.89 to —0.39
Reward type 1,252 0.17 0.68 —0.22 to 0.31
Valence of the trial 1, 2562 0.40 0.53 —0.33t0 0.17
Sex 1,18 0.22 0.65 —0.59 t0 0.28

Age 1,18 0.92 0.35 —0.12t0 0.04





