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Mood is a lasting affective state that influences motivation and decision-making by pre-shaping a
subject’s expectations (pessimism/optimism). Mood states affect biases in judgment, memory, and
attention. Due to a lack of verbal report, assessing mood in non-human animals is challenging and
is often compromised by intense training sessions. Measuring mood using attentional biases can
circumvent this problem, as it takes advantage of observing a spontaneous reaction. As in humans, we
expected that negative mood will heighten attention toward negative compared to positive stimuli.
Here, we validate measures of attention toward acoustic stimuli in sheep (N = 64) and assess sheep’s
differential attention toward acoustic stimuli before and after mood induction (N = 32). Mood was
induced by manipulating the environment. We used animal vocalizations (dog barking and sheep
bleating as negative and positive stimuli, respectively) varying in intensity and played simultaneously
from one side each, and measured lateral attention based on the sheep’s behavior. Overall results
were somewhat ambiguous. Yet, negative mood sheep seemed to shift their attention more toward
dog vocalizations when the stimulus pair was well balanced at baseline. Though some adaptations are
still needed, our approach could be a promising alternative to measure animals’ mood without prior
training.
Mood is a lasting affective state that influences motivation, learning and decision-making. Mood shifts thresholds
and modulates at which critical value of a stimulus an action is taken by a subject1–3. Particularly in situations
of ambiguity and uncertainty, the expectations of a subject, i.e. its relative pessimism or optimism, is related
to its negative or positive mood state3–5, respectively. Contrary to emotions which are intense and short-lived
affective reactions to particular events, recent findings suggest that mood is a more diffuse state and depends
on cumulative mismatches, i.e. it reflects the cumulative impact of repeated situations where outcomes did not
coincide with expectations1. Negative mood may taint all experiences, at least in human clinical depression6–8.
On the other hand, it seems that subjects in a more positive mood state deal more easily with negative short-term
experiences4,9. Accordingly, mood is highly relevant for animal welfare and essential for the basic understanding
of animal decision-making.
Because animals are non-verbal, other approaches than the questionnaire-based methods applied in humans
are needed to infer mood states in animals10. The cognitive judgement bias test has been introduced as the standard approach to assess mood in animals4,5,11. This test consists of training subjects to associate two cues on the
same physical axis with a negative and a positive outcome. The reinforcers in this training often consist of food
rewards and, therefore, the animals’ reaction toward the cues is influenced by the motivation to reach food.
Subjects are then confronted with an ambiguous intermediate cue and their behavioral reaction is observed.
Based on that reaction, it can be assessed whether the subjects judged the ambiguous cue as being more similar
to the negative or the positive cue and hence being associated with the negative or positive outcome (pessimistic
or optimistic reaction, respectively). As this approach relies on learnt responses to relatively arbitrary and novel
stimuli, the meaning of the animals’ reaction toward ambiguous stimuli is not strongly influenced by previous
experiences with these stimuli. However, this test has limitations such as the necessary intense and long training
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of the animals which needs a lot of time and effort12. In addition, the training itself may interfere with the mood
state of the subjects being tested5,13,14. Attempts at alternative approaches have been made15–19, but these may still
not be so easily applicable and are not testing a bias in a narrow sense (i.e. both positive and negative stimuli were
not presented simultaneously so the animals could not indicate their preferential attention directly).
In cognitive bias studies, an attempt has usually been made to manipulate the mood state of the animals (so
called “mood induction”5,20). Mood can be experimentally induced using either one or multiple short-term environmental changes, long-term modifications or psychoactive drugs. The use of various types of environmental
manipulations (e.g. shearing, isolation, contact with a predator, and food reward, brushing, novel objects) to
induce negative and positive mood is known to be efficient5,21 in sheep, and cognitive biases in the direction predicted have been found using these methods13,22–25.
The tendency to pay biased attention toward a given stimulus within a selection of stimuli is also affected by
mood10. Observing an animal’s attention takes advantage of a spontaneous reaction. For this, animals may need
to be trained far less compared with the cognitive bias test, which requires an operant reaction. Attention is often
directed to stimuli at some distance. Therefore, the visual and auditory sensory channels may be specifically
used to trigger attention. For example, subjects typically gaze toward objects or details within a scene that are of
interest. In several studies, this interest was found to be heightened based on the potential of the details in the
scenes to trigger an emotional reaction26. Moreover, it is thought that attention to negative or positive details
can be biased by a subject’s mood state (e.g. attracting a larger amount of attention). In humans, anxiety leads to
attention biases toward threat27,28. More generally, negative mood leads to heightened attention toward negative
compared with positive stimuli29,30. In sheep16,17 and cows15, animals treated with an anxiogenic drug attended the
threat of a dog longer than control animals which, in turn, seemed to show more pronounced attention toward
the dog than animals treated with an anxiolytic drug. This was interpreted as an attention bias, though, in these
studies, the experimental animals could not choose between a negative and a positive stimulus, thus could not
indicate their preferential attention. In a more recent study, Monk, et al.18 confronted sheep first to a real dog
through a window for 3 s, and then to a sheep stimulus (photographs or 3D model). They found that drug induced
depressive-like sheep paid more attention toward the threat (empty window) and less toward the sheep stimulus,
while drug induced anxious-like sheep showed a reversed attention bias. The two stimuli were of different quality
here (real dog, picture of sheep) and were not presented simultaneously. Therefore this paradigm may not reflect
an attention bias in a narrow sense. Studying mood could be further simplified by using only standardized stimuli
instead of real animals. To measure the differential attention animals show to two stimuli presented simultaneously, Bethell, et al.19 presented rhesus macaques with image pairs of aggressive and neutral faces of conspecifics,
and found attention biases. Following a health check by a veterinarian (a presumably negative experience), the
macaques’ initial vigilance toward the aggressive face changed quickly to a sustained avoidance of the aggressive
face, while, following a period of enrichment (a presumably positive experience), they showed a sustained attention toward the aggressive face. These findings highlight a potential issue when interpreting attention. Attention
toward a stimulus can have two distinct meanings, either curiosity (e.g. for novelty) or vigilance (e.g. toward a
threat), while no attention toward a stimulus can reflect either little interest or active avoidance. However, the subjects’ body language (e.g. active vs. freezing behavior, head higher up and passive ears vs. head down or shaking)
could help to disentangle which type of response is observed. Moreover, animals might differ in their previous
experience with the stimuli used and, therefore, a given stimulus may vary in its emotional content among different individuals.
Visual stimuli have been used in sheep to study their recognition skills31,32. However, applying video stimuli
projected simultaneously proved to be difficult in measuring attention in a previous experiment33, because we
could not identify where sheep were looking and they may not perceive video images designed for human vision
well. Playbacks of acoustic stimuli could present an alternative, as hearing in sheep differs less from humans in
comparison with vision. It is thought that auditory attention in sheep could be assessed by tracking head and ear
movements and positions34. Though with our previous work33 we were not able to measure differential visual
attention when tracking sheep’s head and ears positions, such indicators might be more meaningful when investigating auditory attention, specifically when sound sources are far apart.
Dogs and humans seem to represent some form of threat for sheep (negative valence16,35–38), while conspecifics
seem to be of positive valence37,39. Sheep distinguish between threatening (e.g. human, dog), and non-threatening
stimuli (e.g. cardboard box, goat, sheep) in that they stay further away from an aversive stimulus, remain more
vigilant, and explore it less36,40. When confronted with a real dog, sheep show more fearfulness36, higher adrenocortical responses41, higher heart rates38,42, freezing behavior, and vigilance toward the stimulus16,17. On the
contrary, in the presence of a sheep picture, sheep show less fearfulness39, and approach the stimulus quickly40. It
can thus be concluded that dog stimuli are experienced as relatively more negative and conspecifics as positive by
sheep. Such stimuli may therefore provide a good pair of stimuli assessing attention bias. If a negative and positive
stimulus were presented simultaneously, the differential attention that is paid to them could be measured directly.
During the presentation, the stimuli should be combined in a balanced way. If we want to measure a shift in attention toward either the negative or the positive stimulus, the attention toward these stimuli should be close to equal
at baseline. Only then, we can expect to be able to detect a shift towards one or the other stimulus.
The aim of our study was to validate measures of attention toward acoustic stimuli (white noise, dog and
sheep vocalizations) in two groups of sheep (habituated or naïve), to find additional support for the valence
of the acoustic stimuli used, and to assess differential attention toward these stimuli pre and post negative and
positive mood induction (attention bias). In the validation part, we established an ethogram allowing to quantify
the attention sheep directed toward acoustic stimuli played from one (white noise) or two (animal vocalizations)
sides of a sheep. We used dog vocalizations (at two intensities mimicking two distances) as presumed negative and
sheep vocalizations (at two intensities) as presumed positive stimuli. We predicted that sheep would turn their
head toward the side where white noise was presented. Moreover, we expected that sheep would pay attention
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Figure 1. Sheep pay attention toward acoustic stimuli. (a) Proportion of time with sheep’s overall attention
during the different phases, i.e. toward the white noise (wnb beginning, wne end) and the dog/sheep
vocalizations (ds) depending on the batch of sheep (habituated, naïve). (b) Relative attention directed to the left
when the white noise was played from the left or right side (L, R) for each phase of the white noise presentation
(wnb beginning, wne end) and the batch of sheep (habituated, naïve). (c) Relative overall attention and (d)
relative strong attention directed toward the dog vocalizations depending on the intensity of the sheep and dog
vocalizations (low, high) and the batch of sheep (habituated, naïve). Statistical information is given for each
model. Boxplots indicate data range, median, as well as lower and upper quartiles. Thick black lines are the
model estimates, and thin black lines are the 95% confidence intervals of the maximum model (including the
main effects and interactions).

preferably to more salient stimuli when dog and sheep vocalizations were presented simultaneously, i.e. to relatively closer auditory stimuli (i.e. louder stimuli) especially when they were negative (i.e. dog vocalizations).
Finally, we wanted to measure affect-driven shifts in attention in sheep after mood induction (attention bias test).
We hypothesized that sheep in a more negative mood would shift their attention more toward negative acoustic
stimuli compared to sheep in a more positive mood, specifically if the stimulus pair was well balanced at baseline.

Results

Validation experiment: sheep pay attention toward acoustic stimuli. Habituated sheep showed
a higher proportion of overall attention (duration of being attentive divided by the total duration of all stimuli
presented) than naïve sheep. Additionally, sheep were more attentive during the dog/sheep vocalizations than the
white noise trials (Fig. 1a).
Sheep focused their relative attention more toward the side where the white noise was played regardless of the
phase within a session (relative attention to the left: duration of attention to the left divided by the total duration
of attention for a given stimulus; Fig. 1b). Habituated sheep directed their attention more toward the left at the
beginning of the session while naïve sheep did so more at the end of the session (Fig. 1b).
During trials with animal vocalizations, sheep showed a higher relative overall attention (duration of attention
toward the dog divided by the total duration of attention for a given stimulus) toward high intensity dog vocalizations. However, this effect was not supported statistically (global p-value; Fig. 1c). When looking at the relative
strong attention only (duration of strong attention toward the dog divided by the total duration of strong attention for a given stimulus), the same qualitative but slightly stronger pattern could be observed for the naïve sheep
only (Fig. 1d). Habituated sheep seem to show a higher relative strong attention toward the dog vocalizations,
irrespectively of the intensity of the dog/sheep stimuli (Fig. 1d).
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Figure 2. Changes in strong attention from pre to post mood induction. Relative strong attention directed to
the dog vocalizations depending on the intensity of the sheep and dog vocalizations (low, high), the mood group
(negative, positive), and the time-point (pre/post mood induction). Statistical information is given. Boxplots
indicate data range, median, as well as lower and upper quartiles. The white, dark-grey and light-grey boxplots
represent the attention pre mood induction, post negative mood induction and post positive mood induction,
respectively. Thick black lines are the model estimates, and thin black lines are the 95% confidence intervals of
the maximum model (including the main effects and interactions).

Naïve sheep vocalized more than habituated sheep (median [lower; upper quartile]: 14.5 [6.75; 20.25] vs. 0 [0;
1] times per session, respectively; W = 855.5, p < 0.001).

Attention bias test: negative mood induction leads to an attention bias. Overall, sheep were again
more attentive during the dog/sheep vocalizations than the white noise trials (phase, p = 0.019) independently
of the mood group (mood, p = 0.75) and time-point (pre/post mood induction, p = 0.49; see Supplementary
Fig. S2).
We found that sheep focused their attention more toward the side where the white noise was played (side,
p = 0.003) regardless of the phase (phase, p = 0.17), mood group (mood, p = 0.16) and time-point (pre/post mood
induction, p = 0.83), albeit the mood group and time-point modulated attention to some extent (interaction: side
x mood x time-point, p = 0.026; see Supplementary Fig. S2).
Concerning the animal vocalizations trials, we found a similar qualitative pattern for the relative overall attention and the strong attention, but it was not supported statistically for the overall attention (see Supplementary
Fig. S3). Pre mood induction, sheep showed more strong attention toward the dog vocalizations when the dog
vocalizations were of high intensity independent of the intensity of the sheep vocalizations and the subsequent
mood group (Fig. 2, white boxplots). Post mood induction, changes in this attention pattern were visible. Positive
mood sheep shifted their strong attention toward the dog when both the dog and sheep vocalizations were of
low intensity (Fig. 2, bottom). Negative mood sheep shifted their strong attention toward the dog when the dog
vocalizations were of low intensity and the sheep vocalizations of high intensity (Fig. 2, top) and shifted their
strong attention toward the sheep when the dog and sheep vocalizations were at the same intensity (Fig. 2, top).
Negative mood sheep vocalized more post than pre mood induction (median [lower; upper quartile]: 19
[14.75; 21.25] vs. 10 [6.75; 15.75] times per session, respectively), while positive mood sheep vocalized less post
than pre mood induction (median [lower; upper quartile]: 11 [8.5; 22] vs. 17 [14.5; 25] times per session, respectively). Yet, this pattern was not strongly supported statistically (global p-value: 0.061).
For most outcome variables, the variability within the sheep was clearly larger than between sheep indicating
that the moment-to-moment reaction toward the stimuli used led to larger variability than the individual-specific
way of reacting (see Supplementary Table S2).
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Discussion

Here, we established an ethogram allowing to quantify differential attention toward acoustic stimuli in sheep.
In addition, the results indicate that dog barking is more salient than sheep bleating supporting the presumed
valence of the stimuli, though this pattern did not reach a low p-value in the validation experiment. Though the
results were ambiguous to some extent, it seems that sheep in a more negative mood shifted their strong attention
toward dog vocalizations when the stimulus pair was well balanced at baseline. This specific change reflected the
expected change in attention bias, though other changes were more difficult to interpret.
In our validation experiment, sheep of both batches consistently switched their relative attention to the side
from where the white noise was played and did so persistently even at the end of their experimental sessions. This
indicates that our ethogram is valid in reflecting to which side acoustic attention is paid in sheep. Moreover, sheep
paid relatively more attention to the animal vocalizations than the white noise, which is coherent with the notion
that animal vocalizations are more salient. The sheep’s reaction toward the dog and sheep vocalizations was less
clear. Sheep seemed to adjust their attention to the type of call and the intensity of the stimuli: sheep generally
focused their attention toward the dog vocalizations, at least when the dog vocalizations were of high intensity.
This pattern was clearer in the naïve sheep and was not consistent enough across both batches to yield a low
p-value. Nevertheless, this qualitative pattern is consistent with the assumption that dog vocalizations were more
negative than the vocalizations of conspecifics. As prey animals, it is meaningful for sheep to be more attentive
to threatening stimuli (i.e. dog vocalizations). Previous studies established that real dogs and recording of dog
barking are aversive for sheep41,42. In humans, Arnaudova, et al.43 found that attention was captured preferentially
by signals of increasing threat imminence. In our case, this would correspond to the situation when dogs are barking at a closer simulated distance. Habituated sheep were more attentive in general and vocalized less than naïve
sheep during the test. Habituation seemed to decrease the challenge of the test situation and may have helped
sheep to focus on the acoustic stimuli. This is consistent with Raoult and Gygax33, who found that habituated
sheep focused more on silent video stimuli than unhabituated sheep. Nevertheless, the naïve sheep in the present study reacted more specifically to the type and amplitude of the animal vocalizations than habituated sheep.
Although the naïve sheep might have had less contact with a dog, they were younger than the habituated sheep
and had not been habituated to be tested nor isolated from pen mates prior to testing. This might have made them
more fearful42,44 and thus perceive novelty more negatively. However, their more specific reaction may not have
depended on them being naïve per se but may have been the result of the changes we made in our methodological
approach and the previous experience of the sheep. For the naïve sheep, we increased the difference of the two
amplitudes between the bleating and barking. Moreover, the bleating stimuli were from unknown sheep, while
they were from familiar sheep for the habituated sheep. Also, habituated sheep might not have reacted in the same
way than naïve sheep because they had previous herding dog contact at an early age. Therefore, the choice of
stimuli and the animals’ characteristics (e.g. age, previous manipulations, and past experiences with dogs) seem
to have an effect on how animals react. This could make it more difficult to generalize the results of the conducted
test to other populations and species. In that sense, the judgement bias test is advantageous, as the cues used are
relatively arbitrary and thus not as directly affected by past experiences. Here, studies that experimentally manipulate previous experience of the animals (sheep) with the stimuli (dog vocalizations), the testing situation, and the
familiarity of the sheep vocalizations may shed further light on how stimuli in future studies need to be validated
before putting them to use in more practical on-farm settings.
Relying on our ability to assess sheep’s attention, we compared the naïve sheep’s attention pre and post mood
induction. First, we found that overall attention was kept up by the sheep in the re-testing situation post mood
induction and that they still payed somewhat more attention to the animal vocalizations than to the white noise.
In general, they still switched attention to the side of the white noise stimulus but did so less clearly during
re-testing. This may have been a habituation effect (see also below). Pre-mood induction, the sheep that were to
undergo the positive mood treatment differentiated less clearly between the sides from where the white noise was
played. Because the sheep were randomly assigned to the mood groups, this needs to be considered a spurious
pattern due to randomly selecting the animals that did less clearly direct their attention toward the white noise.
The patterns in overall and strong attention toward the animal vocalizations were qualitatively similar. Yet,
the patterns of strong attention were more consistent with less noise and therefore reached a lower p-value. This
is why we focus on the pattern of strong attention in the remainder of this paragraph. Pre mood induction, sheep
directed their strong attention more toward the dog high intensity vocalizations when dog and sheep vocalizations were played simultaneously. Post mood induction, we found differences in the attention between the two
mood groups. Contrary to our hypotheses, there was no general effect that negative and positive mood sheep
would have directed their attention to the dog stimulus more and less, respectively. Negative mood sheep shifted
their strong attention toward the dog when the dog vocalizations were of low intensity and the sheep vocalizations of high intensity, but shifted their attention more toward the sheep vocalizations when the dog barking
and sheep bleating were of the same intensity. Moreover, positive mood sheep shifted their attention toward
the dog barking when both stimuli were of low intensity. Prior to mood induction (i.e. in the evaluation of the
validation experiment), the attention of the naïve sheep was directed most strongly away from the dog vocalizations but not extremely so when the dog vocalizations were of low and the sheep vocalizations of high intensity
(slightly less than 50%). Therefore, this stimulus combination was the most balanced and the most promising to
picking up attention shifts toward the (negative) dog barking. Indeed, we observed a clear such shift (toward the
dog vocalizations) for the negative mood group sheep in that stimulus combination (low intensity dog and high
intensity sheep vocalizations). This specific shift confirms our hypothesis that negative mood sheep would shift
their attention toward the negative acoustic stimuli (i.e. dog vocalizations) in stimulus pairs that are well balanced at baseline. This pattern also confirms the results observed in previous studies with humans which found
threat-related attention bias in anxious individuals27,28,45. In rhesus macaques19, the affective state of a subject
seemed to play also an important role in mediating its social attention. In a negative mood, the animals were
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initially vigilant toward and then turned away from negative stimuli (macaque aggressive faces). In sheep, Monk,
et al.18 found that depression-induced individuals paid more attention toward a threat and less to a conspecific,
while anxiousness-induced individuals showed the inverse pattern. Comparing our results with theirs, we would
conclude that our sheep also showed a mood state that was similar to depression (even if it might have been less
extreme). We differed in our measurement approach in that we did not need live animals as stimuli and in that
we presented our stimuli in a truly simultaneous way. We also noticed that negative mood sheep vocalized more
post- than pre- mood induction as well as more than positive mood sheep post mood induction, indicating that
they were more challenged after mood induction.
In our study, there were additional effects that did not follow from or even went against our predictions.
Negative mood sheep shifted their strong attention away from the dog, when both the dog and sheep vocalizations were of the same (low or high) intensity. Observing no change in the sheep’s reactions may not have been
surprising here, because the response pre mood induction was already highly biased toward the dog vocalizations.
Therefore, there was little room for an increased response toward the dog vocalizations post mood induction. A
shift of attention away from the dog vocalizations when stimuli had the same intensity could potentially be related
to habituation. A weak such effect was indeed visible in the positive mood sheep with both stimuli presented at
high intensity, too. Yet, the increase in attention toward the dog in the positive mood sheep when both stimuli
were of low intensity contradicts this notion of habituation and also our hypotheses. It remains currently unclear
what may have caused this pattern. One explanation could be that the combination of low intensity stimuli was
less salient overall, leading to different reactions in the negative and positive mood sheep. This needs to be further
investigated, e.g. by more continuously varying the intensity of the stimuli. Given all the different aspects of the
results, the approach developed here may be questioned in respect to how well it is suited to measure mood shifts.
However, this can only be determined if additional research is conducted aiming at understanding the different
changes that we have found. In respect to the effect of habituation, an experiment would be welcome in which the
current experimental approach would be repeated several times without other intervention to investigate systematic changes due to repetition of the test. Alternatively, an additional control group without mood manipulation
could be included in studies such as ours.
The specific pattern in attention shift that we have found for the stimulus combination that had been well
balanced at baseline is consistent with the notion that negative mood sheep were indeed in a more negative mood
as positive mood sheep. In this, we could replicate prior studies that used similar mood induction procedures
and investigated this difference using cognitive judgement bias testing13,22–25,46. The positive mood induction also
seemed to have worked because sheep showed a similar attention pattern post- than pre- mood induction even
though they first underwent a negative mood treatment. Based on our positive mood treatment, they seemed to
have mostly recovered to the initial state even if they may not have surpassed baseline. All in all, we found that
mood induction altered sheep’s attention, which provides, to our knowledge, the first evidence of affect-driven
changes in attention bias in a narrow sense in a non-primate species.
Pre-recorded animal vocalizations seem to be salient cues to test attention in sheep. Therefore, the reliance
on live animals as stimuli does not seem to be necessary. Nonetheless, our approach could be taken even further.
Negative stimuli could be chosen such that they are not part of the normal on-farm situation and, therefore, less
sensitive to different management procedures or the animals’ past experience. Such stimuli could be e.g. howling
by wolves or coyotes or arbitrary but irritating sounds such as pink noise. Alternatively, species-specific vocalizations indicating threats in agonistic encounters could potentially be used and would allow the extension of our
procedure to non-prey species. The study design would thus become more generalizable using such approaches.
In such a testing procedure, we would recommend to focus on strong attention because this seems to differentiate
more clearly in respect to where attention is directed. We propose to include a stimulus-pair with a weak negative and strong positive stimulus, such that the animal’s attention is balanced toward the two stimuli, to assess
shifts toward negative mood in future studies, corresponding to the low amplitude dog and high amplitude sheep
vocalizations in our current study. Based on our results, it remains unclear how to assess shifts caused by positive
mood. In principle, a stimulus pair that is well-balanced at baseline should also create the possibility for shifts
away from the negative and toward the positive stimulus. More research is therefore needed to determine whether
the current attention bias test would be suitable to measure both negative and positive mood shifts. The current
work presents an encouraging faster and simpler method to assess mood in sheep compared to typical judgement
bias tests or attention tests using stimuli involving live animals. It has the advantages of not requiring prior training of the animals and not relying on food rewards. Therefore, it might be applied with some adaptation in less
experimental settings such as on-farm. Nevertheless, the current findings also highlight critical issues regarding
the interpretation of the behavior of the animals in the test and the stimuli used. Therefore, the attention bias test
presented here should be further developed in future studies, to improve the design (i.e. the stimuli) according to
our suggestions and to validate it as an alternative to the cognitive judgement bias test.

Conclusion

This study confirms that differential attention toward acoustic stimuli can be quantified in sheep. Though some
of the results remain difficult to interpret for the moment and further research is needed, it seems that sheep in a
more negative mood shift their attention toward the negative dog vocalizations when the stimulus pair is salient
and well balanced at baseline. The attention bias test developed in this study may, if developed further, become a
promising alternative approach to measure animals’ mood quickly and without prior training.

Methods

Ethical note.

Animal care and all experimental procedures were carried out in accordance with the guidelines for the treatment of animals in behavioral research and teaching of the Association for the Study of
Animal Behaviour (ASAB, 2012) and the current laws of Switzerland. This study was approved by the Research
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Figure 3. Scheme presenting the number of animals in the different steps of the study, the sequence of the
different types of trials and the combinations of trials used in the evaluation.

Commission of the Federal Food Safety and Veterinary Office, and the necessary authorisation to conduct animal
experiments was granted by the cantonal authorities (Canton of Thurgau permit no. 27508-TG01/16).

Animals. We used a total of 64 non-lactating and non-reproducing female sheep in two batches (Fig. 3). The
two batches of sheep were housed successively in eight group pens (2.4 m × 3.5 m per group of four sheep) in an
open-front barn at the Agroscope Research Station in Tänikon, Switzerland. They had straw bedding available,
hay was provided twice a day at regular times and water was available ad libitum. Sheep of batch 1 (referred to as
“habituated sheep”) had been involved in a series of tests with visual stimuli before33 and might have had previous
contact with the farmer’s herding dogs in their early life (at an age younger than 5 months), while sheep of batch 2
(referred to as “naïve sheep”) were naïve in respect to being tested and had, to our knowledge, no previous contact
with a dog. We used the habituated and naïve sheep to validate our approach to measure attention. With the habituated sheep, a pilot trial was conducted using the four sheep of one randomly chosen group, in order to establish
an ethogram aiming at measuring to which side a sheep directs its attention and have a general idea of the sheep’s
reactions toward the different stimuli (see also Supplementary Methods). These sheep were no longer used in
the formal experiment. Therefore, 28 habituated and 32 naïve sheep were tested in the validation trials (Fig. 3).
Before testing, all the animals were habituated to be handled by the same experimenter (CR). Each group of four
sheep was then familiarized with a mobile pen (2.3 m × 2 m wooden structure without floor and mounted on
wheels), used to move the sheep from the home pens to the test arena. The validation experiments took place on
March 14th (habituated sheep) and May 22th 2018 (naïve sheep). For one naïve sheep, the test needed to be aborted
because it got stuck in the feeding station of the test set-up (see below; the incomplete session was included in the
analysis, see also Supplementary Methods).
At the same time, the validation experiment served as a baseline for the naïve sheep before their mood was
experimentally changed and re-assessed (i.e. the attention bias test; Fig. 3). For the mood induction, the eight
groups of four naïve sheep remained housed as before (in a 2.4 m × 3.5 m pen for each group), at least during the
night. Two animals of each group received the negative mood induction treatment whereas the other two received
the positive mood treatment (see also Mood induction procedure). The attention bias test was re-applied on the day
after the last mood induction day with the naïve sheep only. Only 31 sheep were available for re-testing because
one sheep (East Friesian, positive mood group) had died in the meantime due to a cause unrelated to the current
experiment. The attention bias test post mood induction took place on July 2nd 2018.
Experimental procedure. In the validation experiment as well as the attention bias test, the sheep were
individually tested (without prior training for the naïve sheep) while being restricted in a feeding station (Fig. 4).
This station consisted of a box of the size of a single animal (1 m × 0.6 m). It had wire mesh walls on both sides and
a trough at its narrow end. Sheep were restricted in their movement by the walls of the feeding station while their
head was blocked by a sliding board over their neck preventing them from removing their head from the trough
(Fig. 4). To encourage the sheep to go into the station, a small amount of food (a mixture of UFA 763 ProRumin
COMBI QM, Herzogenbuchsee, Switzerland) was available in the trough at the start of each session. The trough
opened to a space in which two loudspeakers (Edifier S2000V Multimedia speaker, Beijing Edifier Technology
Co., Ltd., China) were positioned at an equal distance (40 cm) on the right and left side of the sheep’s head (Fig. 4).
During the test, the sheep did not have any visual or auditory contact with the other sheep and had no human
experimenter in view. Whereas the habituated sheep had gone through similar test set-ups before, the separation
from pen mates was novel for the naïve sheep. Each sheep underwent one session for the validation experiment
lasting 2 min 10 s and remained in the feeding station for the entire duration. The same type of session was used
in the naïve sheep in the attention bias test after mood had been influenced experimentally. The session was composed of 8 trials of 10 s each with inter-trial durations varying randomly between 5 and 10 s. Feed in the trough
was usually eaten before or within the first few trials. The first stimulus started approximately 30 s after the sheep’s
head was blocked in the feeding station. The session started with 2 trials during which a white noise was played
once on the right and once on the left side. The side where the white noise was first played was balanced between
sheep. The next 4 trials consisted of playbacks of dog vocalizations from one side and sheep vocalizations played
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Figure 4. Scheme (top-view; left) and photograph (right) of a sheep in the feeding station used for the
presentation of the acoustic stimuli.
simultaneously from the other side. The session ended with another 2 white noise trials, once from each side.
The side from which the white noise was first played was again balanced across sheep (see also Supplementary
Methods for a detailed description of the stimuli and stimuli preparation). The four stimuli including animal
vocalizations were manipulated by varying the side from which the stimuli were alternatingly being played, and
the intensity (i.e. two amplitudes mimicking two different distances) of the two stimuli (i.e. four possible combinations; see Supplementary Methods). The sequence of these four stimuli was balanced between sheep. Any
stimulus including vocalizations was played to a sheep only once to avoid habituation. Each tested sheep at each
time point had its own sequence composed of two times the white noise, the four possible animal vocalizations
combinations, and another two times the white noise.
Based on the white noise trials, we wanted to show that we can assess to which side the attention of the sheep
was directed and whether it changed throughout the session. We expected that sheep would direct their attention
towards the speaker broadcasting the white noise. If there was habituation within the session, the specificity of
this reaction might decline, i.e. sheep might not differentiate the sides as clearly at the end of the session compared
with the beginning. With the trials including animal vocalizations, we wanted to show potential shifts in attention
due to the type and distance of the stimuli. We expected that sheep would direct their attention to the dog if the
dog vocalizations were loud and when the dog vocalizations were of the same intensity as the sheep vocalizations.
This was expected to be more balanced with low intensity dog vocalizations and high intensity sheep vocalizations. Before the attention bias test, we induced a negative (n = 16) and a positive (n = 15) mood state in the naïve
sheep. With that, we wanted to show that affect-driven attention biases occur, in particular, attention of the sheep
in a more negative mood shifting more toward the dog vocalizations. We expected to see this specifically well in
the case of low intensity dog vocalizations and high intensity sheep vocalizations because of the relative similarity
in the attention elicited at baseline.

Mood induction procedure.

For the attention bias test, we induced negative and positive mood states in
sheep that had been shown to result in mood differences in earlier cognitive bias studies13,22–25,46. We applied
short-term changes in the environment of the sheep, i.e. deteriorating or improving conditions repeatedly to
induce cumulative mismatches. Because we assumed that our sheep were in a rather positive mood in their housing environment during the validation phase of the study (e.g. conditions were better than Swiss minimal standards), and to induce a contrast, all sheep were first treated as to induce a negative mood. We exposed all the 31
naïve sheep to various unpredictable, uncontrollable and aversive events, occurring at different times of the day
and for various durations over a time period of 2 weeks (see Supplementary Table S3a,c). These events were based
on husbandry procedures common to production systems. Over another time period of 2 weeks, we continued to expose half of the sheep (total n = 16) to further aversive events, to maintain a negative mood, while we
exposed the other half of the sheep (n = 15) to repeated predictable positive events (Fig. 3; see also Supplementary
Table S3b,c), to induce a positive mood. To do so, half of the sheep in each housing group were randomly assigned
to either the negative or positive treatment (but no sheep stayed alone in the home pen as the single sheep was
assigned to the positive treatment and was thus with other conspecifics at any time).
To facilitate sheep associating different types of human handling, experimenters wore all-white clothing during aversive events, normal work clothes (blue or green) during positive handling (i.e. habituation to the mobile
pen, at feeding times and throughout other positive events), and white clothes with horizontal blue stripes during
the attention bias test after mood induction as in22,24.
On the day following directly the four weeks of mood induction, all the 31 sheep were re-tested once, as previously for the validation (see Experimental procedure).

Behavioral measurements. Head and ear positions and movements were recorded using a video camera
(camcorder Sony DCR-SX33E, Sony Corporation, Tokyo, Japan). We developed an ethogram to measure sheep’s
attention, i.e. whether the sheep was attentive or not, and recorded the side to which the attention was directed,
and how strongly sheep did so throughout the complete test sessions (stimuli and inter-stimuli intervals; see
Supplementary Methods, Supplementary Table S1, and Supplementary Fig. S1).
Scientific Reports |

(2019) 9:7759 | https://doi.org/10.1038/s41598-019-44330-z

8

www.nature.com/scientificreports/

www.nature.com/scientificreports

The number of sheep vocalizations for each sheep and session was also counted from the video recording as
an indicator of general arousal.

Statistical analysis. Statistical analyses were performed in R version 3.5.147. All the attention outcome variables (see Supplementary Table S1) were expressed as proportion of time (that sheep were attentive) during the
different phases of a session or the presentation of a single stimulus and logit transformed. They were then used as
continuous outcome variables in linear mixed-effects models (R package lme448) to correctly account for dependencies in the data. Statistical assumptions were checked using graphical analysis of residuals focusing on the
distribution of errors and random effects, and homoscedasticity of errors of the models (R package DHARMa49).
We followed a full model approach, i.e. we set up a maximum model that we present and interpret50. First, we
calculated the global p-value (between the maximum and null model) using parametric bootstraps (R package
pbkrtest51). If that model reached a low p-value, we tested each of the predictor variables singly by comparing the
full model to the one omitting this predictor. In order to allow for meaningful comparisons for main effects when
interactions formed part of the model, we used sum-contrasts for our predictor variables. Model predictions were
calculated based on semi-parametric bootstraps for mixed models (R package boot52). The specific models (i.e.
the included fixed and random effects) set up for the validation experiment and attention bias test can be found
in Supplementary Methods.
The “overall (directed) attention” (i.e. the sum of the weak and strong attention that was directed to either side)
was summed across the white noise stimuli at the start of the test session, the dog/sheep vocalizations, and the
white noise stimuli presented at the end of the test session and expressed as a proportion of the overall stimulus
length in each of the three phases. This outcome variable was used to assess the change in general attentiveness
throughout the test session (validation test) and additionally from baseline to post mood induction (attention
bias test). All further outcome variables were expressed as the proportion of overall attention (=“relative” attention) that was directed to the left speaker (during white noise trials) or to the dog vocalizations (during animal
vocalization trials; see Supplementary Table S1). The overall attention for each stimulus was used as a weight in
these evaluations, such that stimulus presentations with longer attention phases were weighted more strongly.
The analysis of the attention directed to the left speaker aimed at establishing that the sheep followed the white
noise with their attention and did consistently so in the different phases of the experiment. The evaluation of the
attention toward the dog (rather than the sheep) vocalizations aimed at establishing which stimulus pair would
present a balanced baseline and how the attention changed with mood induction.

Data Availability

All datasets and a short description of the outcome variables, fixed effects, and random effects, for the validation
experiment (Supplementary Data S1), and the attention bias test (Supplementary Data S2) are publicly available
with this study online at address.

References

1. Eldar, E., Rutledge, R. B., Dolan, R. J. & Niv, Y. Mood as Representation of Momentum. Trends Cogn Sci 20, 15–24, https://doi.
org/10.1016/j.tics.2015.07.010 (2016).
2. Nettle, D. & Bateson, M. The evolutionary origins of mood and its disorders. Curr Biol 22, R712–721, https://doi.org/10.1016/j.
cub.2012.06.020 (2012).
3. Gygax, L. W. liking, and welfare: The role of affective states in proximate control of behaviour in vertebrates. Ethology 123, 689–704,
https://doi.org/10.1111/eth.12655 (2017).
4. Mendl, M., Burman, O. H. P., Parker, R. M. A. & Paul, E. S. Cognitive bias as an indicator of animal emotion and welfare: Emerging
evidence and underlying mechanisms. Appl Anim Behav Sci 118, 161–181, https://doi.org/10.1016/j.applanim.2009.02.023 (2009).
5. Raoult, C. M. C., Moser, J. & Gygax, L. Mood as cumulative expectation mismatch: A test of theory based on data from non-verbal
cognitive bias tests. Front Psychol 8, 2197, https://doi.org/10.3389/fpsyg.2017.02197 (2017).
6. Rottenberg, J., Gross, J. J. & Gotlib, I. H. Emotion context insensitivity in major depressive disorder. J Abnorm Psychol 114, 627–639,
https://doi.org/10.1037/0021-843X.114.4.627 (2005).
7. Laeger, I. et al. Amygdala responsiveness to emotional words is modulated by subclinical anxiety and depression. Behav Brain Res
233, 508–516, https://doi.org/10.1016/j.bbr.2012.05.036 (2012).
8. Groenwold, N. A., Opmeer, E. M., de Jonge, P., Aleman, A. & Costafreda, S. G. Emotional valence modulates brain functional
abnormalities in depression: Evidence from a meta-analysis of fMRI studies. Neurosci Biobehav Rev 37, 152–163, https://doi.
org/10.1016/j.neubiorev.2012.11.015 (2013).
9. Mendl, M., Burman, O. H. & Paul, E. S. An integrative and functional framework for the study of animal emotion and mood. Proc R
Soc B 277, 2895–2904, https://doi.org/10.1098/rspb.2010.0303 (2010).
10. Paul, E. S., Harding, E. J. & Mendl, M. Measuring emotional processes in animals: the utility of a cognitive approach. Neurosci
Biobehav Rev 29, 469–491, https://doi.org/10.1016/j.neubiorev.2005.01.002 (2005).
11. Harding, E. J., Paul, E. S. & Mendl, M. Cognitive bias and affective state. Nature 427, 312 (2004).
12. Hintze, S. et al. A cross-species judgement bias task: integrating active trial initiation into a spatial Go/No-go task. Sci Rep 8, 5104,
https://doi.org/10.1038/s41598-018-23459-3 (2018).
13. Doyle, R. E., Fisher, A. D., Hinch, G. N., Boissy, A. & Lee, C. Release from restraint generates a positive judgement bias in sheep. Appl
Anim Behav Sci 122, 28–34, https://doi.org/10.1016/j.applanim.2009.11.003 (2010).
14. Crump, A., Arnott, G. & Bethell, E. J. Affect-Driven Attention Biases as Animal Welfare Indicators: Review and Methods. Animals
8, https://doi.org/10.3390/ani8080136 (2018).
15. Lee, C. et al. Anxiety influences attention bias but not flight speed and crush score in beef cattle. Appl Anim Behav Sci 205, 210–215,
https://doi.org/10.1016/j.applanim.2017.11.003 (2018).
16. Lee, C., Verbeek, E., Doyle, R. & Bateson, M. Attention bias to threat indicates anxiety differences in sheep. Biol Lett 12, 1–4, https://
doi.org/10.1098/rsbl.2015.0977 (2016).
17. Monk, J. E. et al. Towards a more practical attention bias test to assess affective state in sheep. PLoS One 13, e0190404, https://doi.
org/10.1371/journal.pone.0190404 (2018).
18. Monk, J. E., Belson, S., Colditz, I. G. & Lee, C. Attention Bias Test Differentiates Anxiety and Depression in Sheep. Front Behav
Neurosci 12, 246, https://doi.org/10.3389/fnbeh.2018.00246 (2018).

Scientific Reports |

(2019) 9:7759 | https://doi.org/10.1038/s41598-019-44330-z

9

www.nature.com/scientificreports/

www.nature.com/scientificreports

19. Bethell, E. J., Holmes, A., Maclarnon, A. & Semple, S. Evidence that emotion mediates social attention in rhesus macaques. PLoS One
7, e44387, https://doi.org/10.1371/journal.pone.0044387 (2012).
20. Gygax, L. The A to Z of statistics for testing cognitive judgement bias. Anim Behav 95, 59–69, https://doi.org/10.1016/j.
anbehav.2014.06.013 (2014).
21. Westermann, R., Spies, K., Stahl, G. & Hesse, F. W. Relative effectiveness and validity of mood induction procedures: a meta-analysis.
Eur J Soc Psychol 26, 557–580 (1996).
22. Destrez, A. et al. Chronic stress induces pessimistic-like judgment and learning deficits in sheep. Appl Anim Behav Sci 148, 28–36,
https://doi.org/10.1016/j.applanim.2013.07.016 (2013).
23. Destrez, A., Deiss, V., Leterrier, C., Calandreau, L. & Boissy, A. Repeated exposure to positive events induces optimistic-like
judgment and enhances fearfulness in chronically stressed sheep. Appl Anim Behav Sci 154, 30–38, https://doi.org/10.1016/j.
applanim.2014.01.005 (2014).
24. Doyle, R. E. et al. Measuring judgement bias and emotional reactivity in sheep following long-term exposure to unpredictable and
aversive events. Physiol Behav 102, 503–510, https://doi.org/10.1016/j.physbeh.2011.01.001 (2011).
25. Coulon, M. et al. Effects of prenatal stress and emotional reactivity of the mother on emotional and cognitive abilities in lambs. Dev
Psychobiol 57, 626–636, https://doi.org/10.1002/dev.21320 (2015).
26. Winters, S., Dubuc, C. & Higham, J. P. Perspectives: The Looking Time Experimental Paradigm in Studies of Animal Visual
Perception and Cognition. Ethology 121, 625–640, https://doi.org/10.1111/eth.12378 (2015).
27. Bar-Haim, Y., Lamy, D., Pergamin, L., Bakermans-Kranenburg, M. J. & van, I. M. H. Threat-related attentional bias in anxious and
nonanxious individuals: a meta-analytic study. Psychol Bull 133, 1–24, https://doi.org/10.1037/0033-2909.133.1.1 (2007).
28. Cisler, J. M. & Koster, E. H. Mechanisms of attentional biases towards threat in anxiety disorders: An integrative review. Clin Psychol
Rev 30, 203–216, https://doi.org/10.1016/j.cpr.2009.11.003 (2010).
29. Mogg, K. & Bradley, B. P. Attentional bias in generalized anxiety disorder versus depressive disorder. Cognit Ther Res 29, 29–45,
https://doi.org/10.1007/s10608-005-1646-y (2005).
30. Bradley, B. P., Mogg, K. & Millar, N. Covert and overt orienting of attention to emotional faces in anxiety. Cogn Emot 14, 789–808,
https://doi.org/10.1080/02699930050156636 (2000).
31. Kendrick, K. M. Neurobiological correlates of visual and olfactory recognition in sheep. Behav Process 33, 89–112 (1994).
32. Hawken, P. A., Esmaili, T., Scanlan, V., Blache, D. & Martin, G. B. Can audio-visual or visual stimuli from a prospective mate
stimulate a reproductive neuroendocrine response in sheep? Animal 3, 690–696, https://doi.org/10.1017/S1751731109003954
(2009).
33. Raoult, C. M. C. & Gygax, L. Valence and intensity of video stimuli of dogs and conspecifics in sheep: Approach-avoidance, operant
responses, and attention. Animals 8, 121, https://doi.org/10.3390/ani8070121 (2018).
34. Guesgen, M. J. & Bench, C. J. What can kinematics tell us about the affective states of animals? Anim Welf 26, 383–397, https://doi.
org/10.7120/09627286.26.4.383 (2017).
35. Hansen, I., Christiansen, F., Hansen, H. S., Braastad, B. & Bakken, M. Variation in behavioural responses of ewes towards predatorrelated stimuli. Appl Anim Behav Sci 70, 227–237 (2001).
36. Beausoleil, N. J., Stafford, K. J. & Mellor, D. J. Sheep show more aversion to a dog than to a human in an arena test. Appl Anim Behav
Sci 91, 219–232, https://doi.org/10.1016/j.applanim.2004.10.008 (2005).
37. Kendrick, K. M. & Baldwin, B. A. Cells in temporal cortex of conscious sheep can respond preferentially to the sight of faces. Science
236, 448–450, https://doi.org/10.1126/science.3563521 (1987).
38. Baldock, N. M. & Sibly, R. M. Effects of handling and transportation on the heart rate and behaviour of sheep. Appl Anim Behav Sci
28, 15–39 (1990).
39. Vandenheede, M. & Bouissou, M. F. Fear reactions of ewes to photographic images. Behav Process 32, 17–28 (1994).
40. Kendrick, K. M. et al. Facial and vocal discrimination in sheep. Anim Behav 49, 1665–1676 (1995).
41. Beausoleil, N. J. Behavioural and physiological responses of domestic sheep (Ovis aries) to the presence of humans and dogs A thesis
presented in partial fulfillment of the requirements for the degree of Doctor of Philosophy In Animal Science thesis, Massey
University, Palmerston North, New Zealand, (2006).
42. Young, S. K. The effect of predator presence on the behaviour of sheep in pain A thesis presented in partial fulfilment of the
requirements for the degree of Masterate in Science in Zoology thesis, Massey University, Palmerston North, New Zealand, (2006).
43. Arnaudova, I., Krypotos, A. M., Effting, M., Kindt, M. & Beckers, T. Moving threat: Attention and distance change interact in threat
responding. Emotion 17, 251–258, https://doi.org/10.1037/emo0000219 (2017).
44. Dwyer, C. How has the risk predation shaped the behavioural responses of sheep to fear and distress? Anim Welf 13, 269–281 (2004).
45. Richards, A. et al. Anxiety-Related Bias in the Classification of Emotionally Ambiguous Facial Expressions. Emotion 2, 273–287,
https://doi.org/10.1037//1528-3542.2.3.273 (2002).
46. Lansade, L. et al. Behavioral and Transcriptomic Fingerprints of an Enriched Environment in Horses (Equus caballus). PLoS One 9,
e114384, https://doi.org/10.1371/journal.pone.0114384 (2014).
47. R: A Language and Environment for Statistical Computing (2018).
48. Linear Mixed-Effects Models using ‘Eigen’ and S4 v. 1.1-12 (2016).
49. Residual Diagnostics for Hierarchical (Multi-Level / Mixed) Regression Models v. 0.1.3 (2016).
50. Forstmeier, W. & Schielzeth, H. Cryptic multiple hypotheses testing in linear models: overestimated effect sizes and the winner’s
curse. Behav Ecol Sociobiol 65, 47–55, https://doi.org/10.1007/s00265-010-1038-5 (2011).
51. Parametric Bootstrap and Kenward Roger Based Methods for Mixed Model Comparison v. 0.4-6 (2016).
52. Bootstrap Functions (Originally by Angelo Canty for S) v. 1.3–18 (2017).

Acknowledgements

We would like to thank Dr. Elodie Briefer for her valuable advice and providing some sound material, and Dr.
Monica Padilla de la Torre for providing some dog barking recordings. Additional thanks go to Prof. Dr. Beat
Wechsler and two anonymous reviewers for their helpful comments on the manuscript. Our further thanks go
to Andreas Hagenbüchle and Barbara Ammann for taking care of the animals, Hans-Rudolf Ott for construction
works, Dr. Nina Keil for her administrative support, Urs Marolf for his technical assistance and help during the
attention bias test. Dr. Christian Nawroth, Katrina Rosenberger, Arthur Margerit and Floriane Granger provided
further help during the practical execution of the mood induction and attention bias test. Special thanks go to
Agroscope Tänikon for providing the animals, animal care, and the barn infrastructure. This project was funded
by the Federal Food Safety and Veterinary Office (grant No. 2.16.05).

Author Contributions

C.R. and L.G. conceived the general outline of the project, designed, and analyzed the experiments, and wrote the
paper. L.G. supervised the work. C.R. performed the experiments.

Scientific Reports |

(2019) 9:7759 | https://doi.org/10.1038/s41598-019-44330-z

10

www.nature.com/scientificreports/

www.nature.com/scientificreports

Additional Information

Supplementary information accompanies this paper at https://doi.org/10.1038/s41598-019-44330-z.
Competing Interests: The authors declare no competing interests.
Publisher’s note: Springer Nature remains neutral with regard to jurisdictional claims in published maps and
institutional affiliations.
Open Access This article is licensed under a Creative Commons Attribution 4.0 International
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or
format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons license, and indicate if changes were made. The images or other third party material in this
article are included in the article’s Creative Commons license, unless indicated otherwise in a credit line to the
material. If material is not included in the article’s Creative Commons license and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from the
copyright holder. To view a copy of this license, visit http://creativecommons.org/licenses/by/4.0/.
© The Author(s) 2019

Scientific Reports |

(2019) 9:7759 | https://doi.org/10.1038/s41598-019-44330-z

11

