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Humans can decode emotional information from vocalizations
of animals. However, little is known if these interpretations
relate to the ability of humans to identify if calls were made in
a rewarded or non-rewarded context. We tested whether
humans could identify calls made by chickens (Gallus gallus) in
these contexts, and whether demographic factors or experience
with chickens affected their correct identification context and
the ratings of perceived positive and negative emotions
(valence) and excitement (arousal) of chickens. Participants
(n = 194) listened to eight calls when chickens were anticipating
a reward, and eight calls in non-rewarded contexts, and
indicated whether the vocalizing chicken was experiencing
pleasure/displeasure, and high/low excitement, using visual
analogue scales. Sixty-nine per cent of participants correctly
assigned reward and non-reward calls to their respective
categories. Participants performed better at categorizing
reward-related calls, with 71% of reward calls classified
correctly, compared with 67% of non-reward calls. Older people
were less accurate in context identification. Older people’s
ratings of the excitement or arousal levels of reward-related
calls were higher than younger people’s ratings, while older
people rated non-reward calls as representing higher positive
emotions or pleasure (higher valence) compared to ratings
made by younger people. Our study strengthens evidence that
humans perceive emotions across different taxa, and that
specific acoustic cues may embody a homologous signalling
system among vertebrates. Importantly, humans could identify
reward-related calls, and this ability could enhance the
management of farmed chickens to improve their welfare.
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1. Introduction

Sounds are produced in mammals, reptiles and amphibians, when airflow from the lungs passes into the
larynx—the airflow makes the vocal folds vibrate, causing sound waves to leave the mouth. These
vibrations of the folds determine the fundamental frequency [1] and the first harmonic of the sound [2–5].
In birds, a similar process occurs; the syrinx, the vocal organ at the base of the trachea, is the source of the
vibration generating the sound, which is then modified by the suprasyringeal vocal tract [6,7].

The ability to decode emotional information containedwithin the vocalizations of other species provides
an adaptive benefit to animals [8]. Being able to decipher the emotional state in an alarm call helps receivers
to determine the severity of the threat and is particularly advantageous in dangerous situations. Similarly,
situations where receivers or senders would benefit from the accurate perception of emotional states
within species include territory disputes, avoidance of predators, social interactions and the survival of
newborns [9,10].

Emotional excitement can result in laryngeal muscle tension which affects air flow through the vocal
tract and thereby impacts the acoustic parameters of vocal sounds [11,12]. The emotions of non-human
animals are often decoded by reference to arousal (from excitement to content or low to high arousal)
and valence (from negative emotions/displeasure to positive emotions/pleasure) [13,14].

Increases in arousal generally produce vocalizations that are harsher, louder, faster and longer, with a
higher frequency ( f0) and a wider frequency range [15].

Vocal correlates of valence are less easy to define, though positive contexts mainly elicit shorter call
durations [16–18]. A growing body of studies has revealed that these acoustic properties appear to
accurately predict human ratings of arousal and, to a lesser degree, valence in some animals,
including dogs [19–23], pigs [24], silver foxes [25] and wild and domestic ungulates [26].

In two studies, the success of participants in correctly classifying and describing emotionality in pig
Sus scrofa and dog Canis familiaris calls, respectively, was attributed to use of Morton’s motivation-
structural rules [20,24]. These rules dictate that a call’s frequency [27] is determined by the context it
is produced in: high frequency calls are produced in fearful or appeasing contexts, whereas low
frequency calls represent aggressive contexts. This has been validated in various species, including
dogs [28], chimpanzees Pan troglodytes [29], coatis Nasua narica [30] and elks Cervus elaphus [31].

These studies suggest that there are cross-taxa similarities in how emotions are conveyed acoustically and
perceived across mammalian groups [27,32–35], and these allow humans to correctly assign emotional
contexts to calls produced by other species. There is some evidence for this in more distantly related species,
including birds, reptiles and amphibians [36], e.g. hour-glass treefrogs Dendropsophus ebraccatus, American
alligators Alligator mississippiensis, black-capped chickadees Poecile atricapillus and common ravens Corvus
corax. However, this has so far only been shown with negatively valenced emotions, such as those connected
to distress, fear aggression and defeat [37]. To date, no studies have considered whether humans are able to
correctly identify animals’ reward-related vocalizations, which would represent positively valenced emotions.

It is also not known if the accuracyof human interpretation of animal calls is influenced by familiaritywith
the species. Some studies found that call context recognition was enhanced by experience with the target
species [38,39], while others have found that experience did not aid recognition of call contexts [21,22,40].
Scheumann et al. [41] concluded that humans rely more on experience-dependent cognitive mechanisms
than induced emotional state or acoustic cues to recognize the emotional content of vocalizations.

This study investigated whether humans can correctly identify calls made in reward or non-reward
context by another vertebrate animal, the domestic chicken, which is the most commonly farmed species
in the world. Domestic chickens also have a wide and varied vocal repertoire with up to 25 discrete calls
documented in various studies [42–44]. Correct identification could be useful for chicken farmers to
determine the welfare of their animals. We hypothesized that the ability of humans to correctly
identify the context of calls, especially positive contexts, would be modified by experience with
chickens, with those having more experience with chickens making more correct identifications.

2. Methods
2.1. Experimental study to record chicken vocalizations

2.1.1. Acoustic vocalizations of chickens

Vocalizationswere generated using calls recordedduring a previous experiment byMcGrath et al. [18]. These
vocalizations were elicited by sound cues signalling rewards, or during two non-reward (control) treatments
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(sound cue—no reward and no sound—no reward). Twelve ISA brown hens, approximately 18 weeks old,

were subjected to a Pavlovian conditioning paradigm. An initially neutral stimulus (conditioned stimuli,
CS) was repeatedly paired with the presentation of one of three different rewards (mealworms, normal
food or a dustbathing substrate), or a sound-neutral event (an empty compartment) which served as an
unconditioned stimulus. Hens were placed individually in the first chamber of an experimental pen with
two chambers. Vocalizations were recorded during a 15 s period after a sound cue was played to signal
the availability of a dustbathing substrate, mealworms or normal food in a second chamber. After the
recording period, a light was switched on to signal the door had been unlocked, and hens were able to
push through the swing door to access the rewards. Non-reward vocalizations were recorded during the
sound-neutral event (CS paired with an empty compartment) and a ‘muted-neutral’ treatment (no sound
cue, empty compartment).

2.1.2. Sound recordings

All vocalizations were recorded using a microphone (Sennheiser ME66 condenser shotgun) and a data
recorder (Tascam DR100 MkII DAT). Gain settings were set to high while the rotary dial input gain
setting was set at 6. Recordings were conducted with 24 bit resolution at a sampling rate of 44.1 kHz.
The DAT files were transferred to a PC (Dell) to analyse the vocalizations using RAVEN PRO: Interactive
Sound Analysis Software (Version 1.5, Cornell Laboratory of Ornithology, Ithaca, NY, USA).

During recording, hens produced a variety of different call types, and four were used as stimuli for
the cross-sectional study. Two were produced in anticipation of rewards, the ‘food’ call and the ‘fast
cluck’, and two other call types were produced in non-reward contexts, the ‘whine’ and the ‘gakel’
call. In total, 16 recordings were selected, one of each call type from four hens. Eight of these calls
had been made in the rewarded context and eight were made in the non-rewarded context. Selection
of recordings for use in the cross-sectional study was based on the quality of the recordings available,
minimizing background noise as much as possible. All playback calls were edited using ADOBE

Audition CC sound editing software [45].
Call duration is a measure of time (s) from the beginning of the first syllable in a sequence to the end

of the last syllable in a sequence and has been demonstrated to vary according to differences in arousal or
valence in some animals [15]. For each call used in the survey, a box around each syllable (defined as a
continuous impression in time on the spectrogram recordings) was created in RAVEN PRO 1.5 to measure
the duration of the call.

The average (standard deviation) call lengths for each of the call types were as follows: food call 0.89 s
(0.10 s); fast cluck 0.88 s (0.08 s); whine 1.76 s (0.20 s); gakel call 3.77 s (0.44 s).

However, in order to create a standardized 6 s playback length for each call to participants, the shorter
calls (food calls and fast clucks) were looped.

Samples were down-sampled to 22.5 KHz, normalized to −26 dB root mean square, and saved as wav
files, before being converted to mp3 files for use in the survey. We used mp3 files as this file format is
compatible with most of the Internet browsers in which the online questionnaire was completed.

2.2. Cross-sectional study on human recognition of chicken calls

2.2.1. Participant selection

Participants in this study were recruited using a ‘virtual snowballing’ technique which involved
requesting personal and professional colleagues of the research team (by email, or through Twitter or
Facebook) to complete an online questionnaire. The initial message asked contacts to forward a link to
an online questionnaire to their personal and professional contacts. A link to the online questionnaire
was also posted in an article in an online industry journal (eChook, PoultryHub). Sample size was
calculated to estimate the proportion of participants that correctly identify the context in which a call
was made. As the expected sample proportion was unknown, it was set to 50% to maximize the
sample size. Using a 95% confidence interval, a precision of 7% and an estimated population of 1000
of people viewing the survey, a sample size of 165 participants was predicted to be sufficient.

2.2.2. Questionnaire design

The online questionnaire was accessed through online software [46]. Participants were informed that they
must be 18 years or older, that participation was voluntary, and that all responses would remain anonymous.
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Before listening to any sounds, participants were informed that the study investigated how people

perceive information contained within animal vocalizations. They were then told that they would hear
a number of calls made by chickens.

Following this was a short explanation about the scales that the respondents would need to use to
rate the calls. The two scales used were an ‘emotional scale’, which represented the valence of the
emotion (from high displeasure (negative) to high pleasure (positive)), and an ‘arousal scale’, which
represented the level of arousal the participants thought the hens were experiencing (from low to high
arousal). The mid points of both scales represented a neutral rating. Participants were asked to take
10–15 min to complete the survey, and informed that, by continuing to the next page, they were
consenting to take part in the survey, that they could withdraw at any time, that their response was
anonymous and would be treated as confidential. A link provided further information about the
survey, ethics clearance and contact details.

Participants then listened to 16 individual sounds presented in a random order using the ‘Randomize
Pages’ tool on SurveyGizmo. They were asked to rate each sound according to the level of emotional
properties (valence) and level of excitement (arousal) they thought the chickens were experiencing,
using the visual analogue scale from low to high. Participants were also asked whether the calls were
made in a rewarded context or not (reward/no reward).

The final section requested demographic information, including age (<25, 25–34, 35–44, 45–54, 55–64, 65+
years), gender (male, female), continent of origin (Europe, North America, South America, Australasia,
Africa, Asia), final education level (primary, secondary, certificate, diploma, undergraduate, postgraduate)
and whether they currently lived in an urban, suburban or rural environment. Participants were also
asked whether they had had experience with chickens in the following five categories: (i) working in the
industry, (ii) scientific research with live chickens, (iii) keeping chickens at home, (iv) interacting with
chickens outside home or the workplace, or (v) any other experience with chickens, their length of the
experience in each category (none, up to 1 year, 2–5 years, 6–10 years, more than 10 years), and their
current rate of contact with chickens (none, once or twice a year, once or twice a month, once or twice a
week, or several times a week). Finally, they were asked whether they currently owned a pet, and
whether they had owned a pet during their childhood.

2.2.3. Study population

A total of 351 participants accessed the online survey. Thosewho did not complete the surveywere excluded
and 194 complete responses were analysed. Each respondent evaluated all 16 chicken calls. Thirty seven
per cent of respondents were aged between 18 and 34 years old, with 46% aged between 35 and 54 years,
and 17% aged over 55. Seventy six per cent of participants were female, and 52% originated from Europe,
with 23% coming from Australasia, 13% from North America, 4.1% from South America and 2.1% from
Africa. Thirty per cent of participants lived in urban, 30% lived in rural and 40% lived in suburban areas.

2.2.4. Human ethics approval

This study, including the consent procedure, was approved by the University of Queensland Human
Ethics Committee (no. 2016001225).

2.3. Statistical analyses
Data from the arousal and valence visual analogue scales provided by participants were transformed by
SurveyGizmo software into numeric values from 1 to 100.

The demographic variables age, education, as well as respondents’ length of experience within each
category of experience with chickens, were reclassified as follows: age: 18–34 years, 35–54 years and 55+
years; education: pre-university, undergraduate and postgraduate; and levels of experience with
chickens: none, up to 1 year, 2–5 years and over 5 years.

The associations of participants assigning calls to the correct-reward and non-reward context and of the
valence and arousal ratings with demographic variables was analysed using generalized mixed models.
The association between demographic factors and assignment of calls to the correct context (rewarded or
non-rewarded) was analysed using a generalized linear mixed model framework (with correct context
assignments denoted by 1 and incorrect by 0), with a logit link function to estimate the odds of rating
the calls in the correct context. Linear mixed models were developed to assess the strength of
associations between demographic factors and the valence and arousal level ratings provided by
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(gakel (c) and whine call (d)). The percentage of participants with correct context assignment by age group is shown in dark grey
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participants. Gauss–Hermite quadrature approximation was used for the mixed-effects logistic regression
while maximum-likelihood estimation was used for the linear mixed models. Coefficients of the mixed-
effects logistic regressionwere converted into odds ratios andpresentedwith their 95% confidence intervals.

To account for the clustering of measurements within participants and within birds, the participant
identity number and the identity of the four different chickens were included as random effect in the
models. The call type and the demographic variables were included as fixed effects in all models. We
also tested for interactions between demographic variables. Wald tests were used to evaluate the
overall significance of variables with more than two levels.

Initially all demographic factors were included together in each of the models. Models were
compared using Akaike information criterion scores and likelihood ratio tests to detect which models
fitted better than others.

All models were constructed using the Stata SE ([47], Stata Statistical Software: release 18; College
Station, TX: StataCorp LLC).
3. Results
3.1. Effect of demographic variables and experience with chickens on context assignment
Overall, participants were able to assign 69% of calls to their correct recording context. Participants
performed slightly better at categorizing reward-related calls, with 69% of fast cluck, and 73% of food
calls classified correctly, compared with 73% of gakel and 61% of whine calls. For non-reward calls, the
percentage of calls that were correctly assigned to the correct context decreased with age (figure 1).

In the final mixed effect logistic regression model (electronic supplementary material, table S1), call type
(Wald test p< 0.001), age (Wald test p= 0.561) and an interaction between these two variables (Wald test p<
0.001) were included as fixed effects. Whine calls were significantly less likely to be identified in a correct
context (p>|z|= 0.009) compared to food calls. For non-reward calls, there was a trend that older
participants, compared to younger participants, were less likely to correctly identify that these calls were
made in a non-reward context (electronic supplementary material, table S1). Other demographic variables
suchasexperiencewith chickens, educationetc.didnothaveaneffect onassignmentof calls to the correct context.
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3.2. Effect of participant characteristics on valence and arousal ratings
The relationship between valence and arousal ratings made by participants is shown in figure 2.
Participants rated reward-related calls to be of high positive emotions (high valence) but low intensity
or excitement (low arousal). Non-reward gakel calls were rated as representing low valence and high
arousal, while the whine call (the other non-reward call) was judged as neutral (around the mid
points of about 50 on the 0–100 scale) in terms of arousal and valence (figure 2).

The acoustic structure of calls influenced how participants judged what chickens were experiencing
when they produced the calls. Longer calls such as gakel calls (electronic supplementary material, figure
S1) represented a more negative emotional state (lower valence) and a higher arousal. Shorter calls
(which in general represented reward calls) were rated as representing higher valence and lower
arousal levels (electronic supplementary material, figure S1).

Valence rating for reward calls (food calls and fast clucks) were similar across age groups, while the
arousal ratings for non-reward calls were also similar across age groups (figure 3).

In the final mixed linear regression models (electronic supplementary material, table S2 and S3) for
valence and arousal, call type (Wald test p < 0.001, respectively), age (Wald test p = 0.661 for valence,
Wald test p < 0.001 for arousal) and an interaction between these two variables were included as fixed
effects (Wald test p < 0.001, respectively).

The analysis highlighted that age influenced the evaluations of valence and arousal level of specific
call types. Older participants (over 35 years) rated the valence of the non-reward calls (in particular gakel,
but also whine calls) as representing greater pleasure than did people in the 18–34-year age group
(electronic supplementary material, table S2). By contrast, participants over 35 years old rated the
arousal level of the reward-related calls (food calls and fast clucks) higher than did people aged
between 18–34 years (electronic supplementary material, table S3).

Other demographic variables such as experience with chickens had no significant effect on valence
and arousal ratings ( p > |z > 0.05).

4. Discussion
This study demonstrated that 69% of humans were able to identify whether the chicken vocalizations
used in this study were produced in rewarded or non-rewarded contexts, and this ability was not
influenced by previous experience with chickens.
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Our study reinforces the finding of Filippi et al. [36] that the human ability to perceive the emotional
content of vocalizations is not restricted to mammals, but extends to other taxa. This suggests that cross-
species call recognition may be intrinsic, at least, to vertebrates, and provides evidence that recognition of
reward-related calls may be adaptive in some species.

Older people tend to be less adept at identifying the correct context in which calls were made,
although this result is more marked in relation to the non-reward-related calls. Whine calls were
significantly less likely to be identified in a correct context—whines are wavering, high frequency
tonal calls, which may not be perceived as easily as the harsh gakel calls. Greenall et al. [26] tested the
ability of humans to perceive emotions in the calls of ungulates produced in situations of known
emotional arousal and valence and also identified a decrease in correct ratings with age over 20 years.

Furthermore, in our study, older people’s ratings of the excitement or arousal levels of reward-related
calls were higher than younger people’s ratings. In addition, older people rated non-reward calls as
representing higher positive emotions or pleasure (higher valence) compared to ratings made by
younger people. This difference in age groups may be owing to reduced hearing ability of older
people [48–50]. Notably, experience with chickens did not have any effect on calls’ context or valence
and arousal ratings. This may be because people working with chickens in intensive agriculture do
not experience birds that are positively rewarded. Our findings strengthen the evidence that acoustic
cues are salient predictors of human recognition of the emotional content of non-human animal
vocalizations.

In our study, longer calls were perceived as representing more negative emotions (lower valence) than
shorter calls. This finding is consistent with findings on human perception of dog [23,38] and pig [32]
vocalizations. By contrast, participants in our study tended to rate longer calls as representing higher
excitement (higher arousal) levels.

As we had looped the calls to produce a standard length of 6 s playback time for each call used in the
cross-sectional survey, shorter award related calls were played more often in the mp3 files compared to
longer non-reward calls. We acknowledge that this may have influenced our results, but we believe that it
is important to have the same standard length of sound files played to participants, so that they could
listen to each call for the same duration of playback time (and their answers are not biased by having
less time when listening to shorter calls).

Another limitation of our study is that we only used eight calls made in a reward and non-reward
context (four call types from four chickens, respectively). We acknowledge that valence and arousal
are attributes that vary within the same call type of the same chicken, but also between call types of
different chickens. However, the focus of the research presented here was not on the identification of
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call types by participants, but the correct identification of calls made in different contexts. Thus,

participants were prevented from knowing the call types used which that may somehow influence
their responses. However, we have considered the clustering of sounds made by individual birds and
included the bird identity as random effects in the models.

Identifying specific acoustic cues that accurately predict the emotional context of chicken
vocalizations was beyond the scope of the research presented here. Future studies should expand on
this by testing the effect of other acoustic cues, especially spectral centre of gravity, and harmonic to
noise ratio, as well as other frequency and formant-related parameters [15,36]. If future research could
identify specific acoustic cues that predict how humans rate arousal in chicken calls, these results
could potentially be used in artificially intelligent based detection systems to monitor vocalizations in
chickens. Furthermore, if such vocalization monitoring was reliable, it would provide a convenient
and cost-effective way to enhance welfare assessment methods in the commercial chicken production
industry [51].

This study’s predominant finding that a substantial proportion of participants could successfully
recognize calls produced in reward-related contexts has important implications for the welfare of
farmed chickens. It provides confidence that people involved in chicken husbandry can identify the
emotional state of the birds they look after, even if they do not have prior experience. In future
research, reward and non-reward related vocalizations could be considered reliable ‘markers’ of
internal states, allowing for the development of automated assessments of compromised or good
welfare states within poultry management systems.
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