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Research on animal learning and cognition has so far mainly focused on a few 
prominent model species, including primates, corvids and dogs. For years, comparative 
psychologists and ethologists have been suggesting that more animal species should 
be considered in comparative cognitive science. The abundance and accessibility of 
livestock offer an opportunity, not merely to extend the comparative approach, but 
also to deepen our knowledge of the mental lives of farm animals. Such approaches 
also help to assess the needs of farm animals, in order to improve their welfare. 
In recent years, scientific interest in different aspects of farm animal psychology, 
including emotionality, personality and cognitive capacities, has been on the rise, 
proving that farm animals have sophisticated cognitive skills to comprehend and 
cope with their environment.
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As knowledge of how farm animals perceive and interact with their physical and 
social environments is crucial for animal welfare, the aim of this Research Topic is 
to promote investigations of farm animal cognitive capacities and their implications 
for animal welfare-related issues. We have therefore collected original research 
and review articles, as well as opinion and perspective papers that are distributed 
among the two hosting magazines, Frontiers in Veterinary Science (section Animal 
Behavior and Welfare) and Frontiers in Psychology (section Comparative Psychology). 
The published articles present state-of-the-art research on farm animal learning 
and cognition, highlight future perspectives in this research area and pinpoint 
shortcomings and limitations in interpreting current findings. They offer new 
cross-disciplinary frameworks (e.g. links between affective states and cognition) and 
discuss the applied implementation of these findings (e.g. cognitive enrichment). 
These contributions will increase our understanding of the cognitive mechanisms 
that enable farm animals to effectively interact with their environment and pave the 
way for future cross-disciplinary endeavors.
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Editorial on the Research Topic

Advances and Perspectives in Farm Animal Learning and Cognition

The welfare of farmed animals is of major concern for society and food production (1–3). Of
increasing relevance for understanding welfare is the knowledge on how farm animals perceive and
deal with their physical and social environment. This information is crucial for applied ethology as
it allows management practices to be adjusted to suit the animals’ specific behavior and needs. The
current Research Topic comprises 10 articles presenting state of the art research on farm animal
learning and cognition. It includes novel and innovative empirical research, highlights the current
state of farm animal cognition as well as its limitations, and discusses findings considering future
interdisciplinary approaches and applications.

Three review articles summarize our present knowledge of different aspects of learning
and cognition in farm animals and critically discuss their interpretation and potential for
implementation. Nawroth et al. reports on the existing research on cognitive abilities of ungulate
livestock species, focusing on a distinct set of cognitive capacities in the physical and social domain.
They conclude that while research on livestock species is still underrepresented, the current findings
indicate that ungulate livestock possess sophisticated mental capacities. They emphasized the
importance of gaining a better understanding of how livestock species interact with their physical
and social environments, as this information can be applied to improve housing and management
conditions and to evaluate the use and treatment of animals in farming systems. From an ethical
perspective, they also discuss whether animal cognition and the connection to animal welfare
matters from the perspective of the animal.

Rørvang et al. critically evaluated the evidence for social learning in horses and the learning
mechanisms involved. They conclude that many reported findings for social learning can be
explained by relatively simple mechanisms such as social facilitation or stimulus and local
enhancement, rather than by more complex phenomena such as emulation or true imitation (4).
They state that, to date, there is no convincing evidence for true social learning in horses and discuss
why the attribution of high-level social-learning abilities may even be maladaptive in horses.

A wide range of cognitive tests have been adapted or developed for the use in farm animals.
The focus of most studies has been on variation of test performance at the species level;
between- and within-individual differences of the same species remain largely unexplored. Bushby
et al. summarized the contribution of factors such as choice of cognitive test, sex, early life
environment, rearing conditions or personality to individual variation in cognitive outcomes.
Further, the impact of such factors in recent farm animal studies is presented together with a
framework on how to account for them statistically with special focus on experimental design and
analytical techniques.

Inter-individual differences (5) in learning and cognitive performance of farm animals have also
been a topic of strong interest in most of the five empirical studies that are covered in this Research
Topic. Differences arising during early ontogeny, such as via differences in birth weight, were
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examined by Roelofs et al. They report the effects of low
birth weight of piglets on post-weaning reference and working
memory as well as learning flexibility. Their results show that
pigs with low birth weight show a slightly impaired cognitive
performance which goes along with higher long-term stress
level in these individuals in comparison to pigs with normal
birth weight.

Another factor rarely addressed in the investigation of
individual differences in cognitive performance of farm animals
is the prenatal stress to which mothers are exposed. To address
this issue, Vas et al. examined how stress in pregnant goats,
induced by reduced space allowance, affects their offspring’s
performance in a test on object permanence. In contrast to their
initial hypothesis, they found that a higher prenatal maternal
cortisol level was correlated with better performance by offspring
on the most difficult task of the test.

Other cognitive traits might be important to consider, too,
when talking about individual differences. The relationship
between impulsive behavior and aggression in humans and
animals might also have important implications for farm animal
husbandry andwelfare. Zebunke et al. adapted the “Marshmallow
Test” to study impulse control in pigs. They found that piglets
show impulse control, and that this is most strongly shown
for rewards differing in quality rather than quantity. A broader
understanding of impulse control might help in adapting
husbandry conditions to the needs of individuals, especially in
relation to social behavior, tail biting, and maternal behavior.

Intense selection for production traits is another factor that
might account for differences in learning and cognition of farm
animals. Dudde et al. investigated how laying performance and
phylogenetic origin affect learning performance in laying hens.
They hypothesized that there might be a trade-off between egg
yield and cognitive performance in terms of the energy which
is available. In contrast to their initial hypothesis, their results
indicate that high performing laying hens performed better in
a visual discrimination task compared to moderate productive
hens in a feeding-rewarding context.

Another emerging area of research is how emotion and
cognition are intertwined when it comes to interacting with
conspecifics. Bellegarde et al. investigated if sheep can perceive

the emotional valence displayed on the faces of conspecifics and
how this valence affects their ability to discriminate between
images of the same individual in different emotional contexts.
They showed that sheep were able to differentiate between
different emotional expressions of other sheep.

Two perspective articles outline future directions and
potential implementations of basic research findings regarding
the cognitive capacities of farm animals. Baciadonna et al.
referred to the actual debate on how positive and negative
emotions might spread by emotional contagion in farm animals
(6) and argue in favor of future research on the mechanisms of
how emotions in livestock are shared and how to use empathic
responses to promote better welfare.

Finally, Lee et al. showcased how to take basic research
into an applied setting. They developed a framework based
on the cognitive activation theory of stress (CATS) and the
cognitive evaluation of the environment in terms of predictability
and controllability by an animal and used it in a case study
to determine welfare outcomes of new technologies, here
virtual fencing.

In conclusion, the contributions in this Research Topic will
increase our understanding of how farm animals use their
cognitive abilities to interact with their environment and aim to
pave the way for new cross-disciplinary endeavors.
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Farm animal welfare is a major concern for society and food production. To more

accurately evaluate animal farming in general and to avoid exposing farm animals

to poor welfare situations, it is necessary to understand not only their behavioral

but also their cognitive needs and capacities. Thus, general knowledge of how

farm animals perceive and interact with their environment is of major importance

for a range of stakeholders, from citizens to politicians to cognitive ethologists to

philosophers. This review aims to outline the current state of farm animal cognition

research and focuses on ungulate livestock species, such as cattle, horses, pigs

and small ruminants, and reflects upon a defined set of cognitive capacities (physical

cognition: categorization, numerical ability, object permanence, reasoning, tool use;

social cognition: individual discrimination and recognition, communication with humans,

social learning, attribution of attention, prosociality, fairness). We identify a lack of

information on certain aspects of physico-cognitive capacities in most farm animal

species, such as numerosity discrimination and object permanence. This leads to further

questions on how livestock comprehend their physical environment and understand

causal relationships. Increasing our knowledge in this area will facilitate efforts to adjust

husbandry systems and enrichment items to meet the needs and preferences of

farm animals. Research in the socio-cognitive domain indicates that ungulate livestock

possess sophisticated mental capacities, such as the discrimination between, and

recognition of, conspecifics as well as human handlers using multiple modalities.

Livestock also react to very subtle behavioral cues of conspecifics and humans. These

socio-cognitive capacities can impact human-animal interactions during management

practices and introduce ethical considerations on how to treat livestock in general. We

emphasize the importance of gaining a better understanding of how livestock species

interact with their physical and social environments, as this information can improve

housing and management conditions and can be used to evaluate the use and treatment

of animals during production.

Keywords: animal ethics, animal behavior, animal welfare, enrichment, human-animal interactions, livestock,

physical cognition, social cognition
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INTRODUCTION

Farm animal welfare assessment approaches have shifted from
original concepts such as the five freedoms (1, 2) to more
animal-centered concepts that also include the animals’ needs
(3), affective states (4, 5) and inter-individual differences (6).
All these concepts emphasize the importance of having detailed
knowledge on the cognitive capabilities of livestock [i.e., their
ability to acquire, process, store and use information (7)] to
better understand their behavior and to avoid exposing them
to poor welfare conditions, such as those induced by stressful
management practices. Thus, cognitive research on farm animals
has the potential to highlight mismatches between current
husbandry practices and adaptive abilities of livestock.

In recent decades, research on the cognitive capacities of non-
human animals has gained increasing attention. Most work has
focused on humans’ closest relatives, i.e., primates in general and
great apes in particular (8); additionally, in terms of convergent
cognitive evolution, research has included corvids (9) and canids
(10). However, compared to the amount of cognitive research
that has been conducted on the aforementioned species, studies
on the cognitive capabilities of farm animals are relatively
underrepresented (11). Given the number of livestock animals
kept under husbandry conditions worldwide, this lack of research
is even more surprising.

The aim of this review article is to highlight advances in
the field of farm animal cognition and identify their potential
implications for livestock management and practices. First, we
outline a distinct set of physico- and socio-cognitive processes.
We then present a comprehensive overview on farm animal
cognition research conducted on cattle, horses, pigs, and small
ruminants. Our purpose is to offer a structural account of the
content and value of these processes that can help researchers
further explore the different cognitive mechanisms in a variety of
farm animals to gain a more comprehensive profile of species-
specific psychological traits. We then discuss the implications
of these findings on issues concerning animal welfare (while
focusing on enrichment and human-animal interactions) and
ethics (comprising welfare ethics and ethical considerations
beyond animal welfare). Finally, we offer directions for future
research that will help to further our understanding of farm
animal cognition and help us to adapt management practices that
better meet their psychological needs.

We structured this reviewmainly in line with the classification
of cognitive capacities used by Shettleworth (7). She broadly
categorized cognitive mechanisms into two domains: physical
and social cognition. We focused on a particular set of cognitive
capacities in both domains, which we assume to have a major
impact on how farm animals are able to interact with their
physical and social environment (seeTables 1, 2 for an overview).

Physical Cognition
The term “physical cognition” refers to an organism’s
understanding of objects and their various spatial and causal
relationships. For most animal species, the most important
problem they face is related to locating and obtaining food. Thus,

many important cognitive skills have evolved in the context of
foraging (8).

Categorization is the ability to group items based on common
features and to respond similarly to them. This trait enables an
organism to group together objects and events based on physical,
associative or relational similarities, and it provides the basis for
higher cognitive processing (67). In complex environments, the
ability to assign food types to categories by relying on certain
relevant criteria could considerably reduce cognitive demand
and thereby increase foraging efficiency. Being able to categorize
positive and negative stimuli might also enhance adaptations to
new environments, which could reduce the impact of stressors
such as food acquisition in novel environments or handling
during transport.

Numerical ability refers to the capacity to discriminate
between two distinct quantities (e.g., 6 vs. 4 rewards or 3
vs. 1 conspecifics), regardless of the size and shape of these
objects/subjects (68). Several mechanisms, such as “subitizing”
or “approximate number system,” can explain this phenomenon
(69). The ability to assess the quantity of food or members
of a group likely affects the predictability of the environment
(e.g., group number) and the ability to adapt to stressors (e.g.,
group cohesion).

Object permanence refers to the notion that objects are
perceived as separate entities that continue to exist even when
they are out of the sight of the observer (70). Following the
trajectory of a previously seen but then hidden object is highly
adaptive in the context of foraging and also helps to avoid
predation. As husbandry systems involve a variety of barriers and
walls, the degree of how well object permanence is developed
plays a crucial role in being able to predict upcoming events in
farming environments.

Reasoning (inferences) implies the establishment of an
association between a visible and an imagined event (71). The
correct solution to a problem should be selected by excluding
other potential alternatives even if only indirect information,
such as the absence of a cue, is available. However, inferential
reasoning can only be assumed if the subject exhibits adequate
behavior, without explicit training. Otherwise, the role of
learning mechanisms cannot be excluded (72, 73). The ability
to reason about events likely impacts the predictability of
husbandry environments.

Tool use, i.e., the ability to dynamically manipulate and to use
an inanimate object (or animate subject) to reach a goal, is a
topic that has gained interest in non-human cognitive research
in recent decades and has been found in several animal taxa
(74, 75). Goals can be manifold, i.e., the acquisition and gathering
of food and water, grooming, self-defense, or recreational use.
Animals that regularly use tools can be provided with a higher
diversity (and complexity) of enrichment items (e.g., arbitrary
anthills for chimpanzees).

Social Cognition
Conspecifics are physical objects that must be located and
identified, but they also create additional cognitive problems
that are not present in the world of inanimate objects (8).
For example, living in groups requires the discrimination
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TABLE 1 | Overview on various physico-cognitive capacities, their description, evidence in different farm animals, and their implications.

Cognitive trait Description Cattle Horses Pigs Small

ruminants

Implications

Categorization Ability to group items based

on common features

+

(12)

+

(13, 14)

n/a +

(15) (16)

Adaptation to novel stressors (food

acquisition, handling)

Numerical ability Discrimination and judgment

of distinct quantities

n/a +

(17, 18)

n/a n/a Perceived predictability of

environment (group number) and

adaptation to stressors (group

cohesion)

Object

permanence

Notion that objects continue

to exist when they move out

of the visual field

n/a (+)

(19, 20)

±

(21)

(+)

(22)

+

(23)

Perceived predictability of

environment (housing)

Reasoning/Inferences Establishment of an

association between a

visible and an imagined

event

n/a n/a +

(24)

+ (goats)

(25)

– (sheep)

(25)

Perceived predictability of

environment (housing); Complexity of

cognitive enrichment

Tool use Manipulation of objects to

reach a goal

n/a n/a n/a n/a Complexity of cognitive enrichment

+, positive results; (+), indirect positive results; ±, inconclusive results; –, negative results; n/a, no studies available.

and recall of conspecifics, either at the individual or group
level. Being a social animal also may require additional
forms of intelligence, such as manipulating the behavior
of others (76). Moreover, another individual might behave
spontaneously on its own. Thus, the ability to infer the
motivations and desires of others can be advantageous in terms
of lowering the level of uncertainty in predicting the behavior
of others.

Individual discrimination and recognition of conspecifics and
heterospecifics are considered complex processes that have
evolved to facilitate social behaviors. Discrimination refers to
the ability to differentiate between two identities (e.g., individual
conspecifics or heterospecifics, such as humans) using cues
inherent to these individuals. Individual recognition requires
the ability to remember and recall other individuals (77). An
essential feature of individual recognition in humans is that it
is cross-modal, which means the trait enables the matching of
current sensory cues of identity with stored information about
that specific individual from other modalities (78). Being able
to recognize conspecifics after short- or long-term periods of
separation reduces aggressive behavior and injuries, while being
able to correctly identify familiar handlers likely reduces stress
during management practices.

Communication with humans can be crucial for domestic
animals in terms of acquiring information from the environment
(79). Several non-human animals have been shown to use
human-given cues, such as a pointing gesture, when confronted
with a task where they have to make a choice between
two or more potential alternatives of where to find hidden
food. In turn, communication can also be directed toward
humans. When confronted with a problem they cannot solve
themselves, children as well as some non-human animals use
gazing behaviors (such as i.e., alternating their gaze between the
problem and a human) as a form of referential and intentional
communication when interacting with humans (80–82). Thus,

the ability of livestock to communicate with humans can
impact on management practices due to improvements in
handling routines.

Another crucial part of social cognition involves social
facilitation and/or learning [for a distinction see (83), from
here on referred to as “social learning”]. These processes
can occur through observational conditioning, local/stimulus
enhancement, emulation and/or imitation (84). Social learning
occurs when a subject’s behavior is influenced by observing
the behavior of other individuals, and it often arises when
individual learning is costly, e.g., in terms of predation risk
or offspring foraging behavior (85, 86), and is not limited
by mechanistic constraints (87). Social learning can occur
horizontally (i.e., from peer to peer) or vertically (i.e., from
parents to offspring, but also from unrelated adults to young
in general). It is apparent that acquiring new information in
husbandry systems (e.g., where to find food) through social
learning has huge advantages, e.g., reduced stress and increased
food intake.

An individual’s knowledge of the perceptual states of others,
which is comprised by the ability to attribute attention or
take the perspective of another individual, can be summarized
under the so-called “Theory of Mind” or “Theory of Mind”-like
abilities (88). Attributing attention to conspecifics or handlers
can increase the predictability of future interactions and events
(conspecifics: competition for access to resources; handlers:
management practices).

Finally, the domain of social cognition also involves questions
regarding the cognitive foundations of morality, e.g., actions
involving the welfare of others, such as prosociality (89) and
fairness [including inequity aversion and third-party punishment
(90)]. The capacity for prosocial behavior can be used to promote
positive mental states and well-being in social farm animals (91)
while it also raises ethical questions regarding the use of animals
in general.
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TABLE 2 | Overview on various socio-cognitive capacities, their description, evidence in different farm animals, and their implications.

Cognitive trait Description Cattle Horses Pigs Small

ruminants

Implication

Discrimination and

recognition of conspecifics

Differentiating and recalling

other individuals

+

(12, 26)

+

(27, 28)

+

(29, 30)

+

(31, 32)

Group cohesion

Reduction of aggressive behavior

Discrimination and

recognition of humans

Differentiating and recalling

handlers

+

(33)

+

(34, 35)

+

(36, 37)

+

(38)

Stockmanship (fear response to

familiar/unfamiliar humans)

Communication with

humans

(Human → Animal)

Use of human

communicative cues, such

as a pointing gesture

n/a +

(19, 39)

+

(22, 40)

+

(41, 42)

Management and stockmanship

during handling and transport

Communication with

humans

(Animal → Human)

Expression of

communicative behaviors,

such as gaze alternations

between a human and an

object

n/a +

(43)

n/a +

(44, 45)

Signaling of needs

Social learning (vertical) Information transfer from

parents to offspring

±

(46)

+

(47)

+

(48, 49)

+

(50)

Access to resources and avoidance

of harm

Social learning (horizontal) Information transfer from

peer to peer

±

(51, 52)

±

(53, 54)

+

(55)

–

(56, 57)

Group organization and access to

resources

Social learning (from

humans)

Information transfer from

humans

n/a ±

(58, 59)

n/a +

(60)

Adaption to new environments

Attributing attention Attending to signs of

attention in conspecifics or

humans (i.e., head direction

or eye visibility)

n/a +

(61)

±

(62–65)

+

(42, 66)

Predictability of events/actions/

interactions; perceived access to

resources

Prosocial behavior Behavior that benefits other

individuals and their welfare

n/a n/a n/a n/a Ethical implications

Fairness (inequity aversion,

third party punishment)

Behavior regarding the

outcome of decision as

equal and just toward

oneself and others

n/a n/a n/a n/a Ethical implications

+ positive results; (+), indirect positive results; ±, inconclusive results; –, negative results; n/a, no studies available.

COGNITIVE STUDIES IN LIVESTOCK

ANIMALS

Cattle
Physical Cognition
Previous research in cattle has primarily focused on their learning
ability rather than on their understanding of physical properties
of their environment (92, 93). Cattle associate locations with the
quantity and quality of food that is found there (92), and they
adjust their foraging patterns to take advantage of this knowledge,
which indicates context-dependent decision making. They also
appear to have a categorization process for social stimuli: Cattle
categorize individuals into “familiar” and “unfamiliar” subjects
(12). However, no studies regarding number discrimination,
object permanence, reasoning or tool use are available for
this species.

Social Cognition
Cattle have social recognition abilities, which include individual
recognition (77). There is also indirect evidence of discrimination
based on familiarity, which is one of the simpler categories
of social recognition. For example, intense fighting between
cattle frequently occurs when groups of unfamiliar individuals
are mixed at abattoirs, e.g., heifers were less aggressive to
familiar members than to unfamiliar animals (94). In their

herd, subordinate cattle will generally avoid more dominant
animals, which suggests they have the ability to recognize familiar
animals that have been previously associated with positive or
negative experiences (95). Individuals within a herd also prefer
the presence of social partners with whom they have already
maintained close proximity and direct social grooming (94).
Similarly, dam and offspring form strong social bonds and are
able to recognize each other even within a large herd (96).
Categorizing individuals based on familiarity, social status and
genetic relatedness is important for social cohesion in cattle;
moreover, these skills decrease aggression within a group and
help categorize individuals as kin and non-kin.

Operant conditioning techniques have been used to
test cattle in terms of their ability to discriminate and
categorize individuals. Cattle easily discriminate among
familiar conspecifics using visual, olfactory and auditory
modalities (97), and they can be trained to discriminate between
conspecifics using only olfactory cues (98). Cattle appear to
use their sense of vision to discriminate between conspecifics,
as altering their vision ability resulted in an increase in the
frequency of aggressive interactions (99). Coulon et al. (12)
tested the ability of cattle to visually discriminate between heads
(including face views) of familiar and unfamiliar conspecifics
represented as 2D images using a food-rewarded instrumental
conditioning procedure. Eight out of the nine heifers succeeded
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in discriminating between images of familiar and unfamiliar
conspecifics; furthermore, they could instantly differentiate
between a new pair of images of familiar and unfamiliar
conspecifics, suggesting cattle have a categorization process for
social stimuli. In addition, Coulon et al. (12) argued that images
of conspecifics were treated as representations of real individuals.
Indeed, they observed that heifers were more attracted to images
of familiar conspecifics than to images of unfamiliar conspecifics.
In addition, heifers expressed different emotional reactions when
confronted with these two types of stimuli. Heifers rewarded for
images of unfamiliar conspecifics pointed their ears backwards
more frequently (which is a behavior common during the
confrontation with an unfamiliar and potentially threatening
stimuli), and they showed less forward pointing ears (indicating
less positive expectations) when they directed their attention
to unfamiliar images compared to heifers that were rewarded
for identifying familiar conspecifics (100). Using the same
methodology, heifers visually discriminated their own species
from other animal species (26) and kin-related conspecifics
from non-kin conspecifics (101). It appears that the heads of
conspecifics are sufficient for social discrimination in cattle.
Several authors have shown that cattle can discriminate between
humans using various criteria (102), such as a portion of their
face or their body (33) or the color of the clothes of unfamiliar
people (103).

There is evidence of social facilitation/learning in cattle. For
example, calves can learn where to graze from their dam (46).
If a cow is located in an area with high food resources, this
information is transferred to other members of the social group
by social facilitation (51). In addition, conditioned aversions
have been eliminated following exposure to non-averted social
companions in cattle (104). Although heifers provided with a
trained demonstrator did not learn an operant task faster, they
spent more time near the training box (52). Boissy and Le
Neindre (105) also found that the degree of familiarity between
heifers did not affect their social learning abilities in relation to
an operant task.

To the best of our knowledge, there have been no studies
on social learning from humans or the use of human-given
cues in cattle. In addition, no studies have focused on more
complex socio-cognitive phenomena, such as prosocial behavior
or inequity aversion, in cattle.

Horses
Physical Cognition
Horses can learn to choose items in a choice task based on the
shared characteristics of these items (e.g., filled item vs. items
with an opening), indicating that they are using categorization
skills when confronted with problem-solving tasks (13, 14).

Several investigations have evaluated the ability of horses to
discriminate between different quantities. For example, Uller
and Lewis (18) showed a spontaneous preference of horses to
choose the higher quantity of plastic apples regardless of the total
volume. In this study, the horses spontaneously chose the higher
quantity in the 1 vs. 2 and in the 2 vs. 3 tasks, but they failed
to discriminate between 4 vs. 6 apples. In the study by Henselek
et al. (106), horses failed to discriminate pairs that differed in

the number of edible and inedible objects (i.e., apple slices and
small wooden blocks). On the other hand, Petrazzini (107) found
that a horse could discriminate pairs of dots when they were
presented under uncontrolled conditions (i.e., the ratio of surface
was similar to the ratio of number) and controlled conditions
(i.e., equal surface area over whole stimulus) in a 1 vs. 4 task, but
the horses failed in the higher ratio of 2 vs. 4 in the controlled
condition. She assumed that if discrimination becomes more
difficult, horses also tend to use cues other than numerical cues.
In each of the mentioned experiments, the positive stimulus was
the one with the higher quantity of items. The fact that the horses
in these studies failed to discriminate higher quantities or higher
ratios could lead to the presumption that the animals based their
decisions on approximate estimations. Gabor and Gerken (17)
found that horses are able to discriminate the quantity of abstract
symbols. Three horses could discriminate various ratios (1 vs. 2;
2 vs. 3; 3 vs. 4; 4 vs. 5), and one horse was able to transfer the
performance to mixed geometrical symbols.

No research has directly investigated the ability of horses to
track hidden objects (i.e., object permanence); however, results
from experiments that have used hiding containers (18) have
indirectly provided evidence for at least rudimentary developed
object permanence skills. No studies regarding reasoning or tool
use are available for this species.

Social Cognition
Horses are able to differentiate between conspecifics (27, 108) and
humans using different modalities (34), and can identify subjects
based on familiarity (109, 110). Previous research has shown that
horses are also able to recognize conspecific and heterospecific
individuals across two modalities (i.e., the individual visual and
auditory cues must match) (28, 35, 111).

Horses are known to react to subtle behavioral cues from
conspecifics and humans (112). Surprisingly, the general body
posture used when approaching a horse did not appear to have
an influence. However, the speed of the human’s approach was
more influential (113). In contrast to these findings, Proops and
McComb (61) andKrueger et al. (20) found that horses differed in
their approach behavior to humans based on the level of attention
that was provided by an experimenter. The horses also showed
higher obedience levels when a human was giving them attention
(110). Several studies have reported that horses are able to use
human-given cues, such as a pointing gesture, to locate a hidden
reward. However, it seems that the pointing finger must be close
to the baited location, as performance dropped toward levels
equal to random chance when pointing was administered from
a distance (19, 39, 114–116). In contrast to the use of human
pointing gestures, horses failed to interpret the head direction
of a human experimenter (19, 116), but they were able to use
the head direction of a depiction of a conspecific to infer the
location of a hidden reward (117). Horses appear to wait for
humans to solve a task to obtain food instead of trying to solve the
task themselves (118). They also show human-directed behavior
when confronted with an inaccessible food reward (43), and they
frequently gazed at an experimenter who was positioned near the
reward. In addition, horses also considered the attentional stance
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of the experimenter during the task, depending on whether the
experimenter was turned toward or away from them.

Horse owners often think that abnormal or stereotypic
behaviors are learned through observation (119); however,
several studies have shown that horses do not perform better
after watching a demonstrator horse both in a simple operant
conditioning task (120) or in a discrimination task (121–123).
Krueger and Heinze (124) found that experimental horses copied
specific following behaviors toward humans when a dominant
conspecific followed the path of a human handler. However,
studies in horses on imitation of complex behaviors have shown
inconclusive results so far, which may be due to the lack of
appropriate experimental designs (125). Recently, Ahrendt et al.
(126), Rørvang et al. (54), and Burla et al. (58) showed that
horses do not learn an instrumental or spatial task through social
observation. In contrast, a study by Krueger et al. (53) found
evidence for social learning in horses using an instrumental
task. However, this was restricted to young, low-ranking and
more exploratory horses who were learning from older group
members. Additionally, test horses learned the same instrumental
task faster than control horses when they were frequently exposed
to a human demonstrator who was solving the instrumental task
(59). When mares were habituated to the exposure of a human
experimenter or unfamiliar and potential frightening objects,
their foals showed less fear reactions in standardized fear tests or
in approaching unfamiliar humans, indicating the social transfer
of information from mother to offspring (47, 127).

No studies on the evaluation of more complex socio-cognitive
phenomena, such as prosocial behavior or inequity aversion,
are available.

Pigs
Physical Cognition
Pigs as omnivorous animals exhibit high foraging flexibility that
is reflected in their dietary spectrum (128). Therefore, it should
be of no surprise to find cognitive capacities that increase their
ability to exploit food sources, either in relocating previously
known food patches or in finding new ones.

Young pigs have been found to understand that once hidden,
objects do not cease to exist, but had problems following more
complex movements of hidden objects (21). Albiach-Serrano
et al. (40) presented domestic pigs with a series of tasks that
spanned the physico- and socio-cognitive domains. One of these
tasks involved the presentation of a slighted board that covered
a hidden reward, and another task involved a baited cup that
was shaken to produce a rattling noise. Subjects had to infer the
position of the reward by interpreting the causal relationships
between the reward and the board/cup, i.e., the inclination of
the board or the noise that was generated by shaking the cup.
Although pigs could solve the tasks, it was unclear whether
they simply relied on stimulus enhancement cues (i.e., the slope
of the board and the shaking movement or noise of the cup).
Nawroth and von Borell (24) repeated the latter task that used
a shaking bucket with a modified setup. Here, pigs were tested
in their ability to use indirect visual and auditory stimuli (i.e.,
the absence of visual or acoustic cues) by choosing between two
potential hiding locations. Pigs used indirect visual cues and, to

some degree, indirect auditory cues, i.e., the absence of food by
lifting one bowl or the absence of noise during the shaking of
the bowl, to infer the location of the hidden reward. Again, the
experimental design could not exclude the possibility that pigs
were simply avoiding the non-rewarded location and relied on
learned contingencies. However, these results provide support
that pigs can rapidly adapt to new foraging situations.

Although it was demonstrated that pigs were able to
differentiate between different amounts of food (129, 130), more
complex studies that evaluated numerical competence should
be conducted to investigate the cognitive mechanisms involved
in this process. In addition, no studies involving categorization
abilities or tool use have been conducted with pigs.

Social Cognition
Pigs are highly gregarious animals and thus establish stable
social hierarchies. This requires good discriminatory abilities
to differentiate between group members and between familiar
and non-familiar individuals. Studies found pigs were able
to distinguish unfamiliar from familiar conspecifics (131);
additionally, pigs could differentiate familiar individuals using
visual, auditory or olfactory cues alone (29, 30). However, 2D
head cues were insufficient for pigs to discriminate between
familiar conspecifics (132); thus, features other than head cues
may be more salient for pigs. For example, studies on the ability
of pigs to visually discriminate between humans showed that pigs
mainly relied on the body height and upper torso of the human
(36, 37, 133).

Nawroth et al. (65) used an approach that focused exclusively
on the differentiation among the attentive states of humans.
Juvenile pigs had to choose between two unfamiliar persons,
while only one human focused attention on the test subject;
the test conditions varied, and it was assumed that only the
attentive human would provide food immediately or would
provide food at all. While the subject performance in the
choice task was poor and the results were inconclusive, two
approach styles were distinguished during decision making.
Here, pigs chose the attentive person more often when they
approached non-impulsively (i.e., changed direction of or paused
during approach), which was not the case when subjects chose
impulsively (i.e., went straight to one person).

An object choice task is another well-known test used to
investigate heterospecific communicative abilities. Here, subjects
must choose between two potential baiting locations, of which
only one contains a reward. To find the reward, a human
administers different types of cues (e.g., pointing or gazing)
toward the baited location (134). Given that pigs, unlike dogs,
are not domesticated for companionship but are commonly
raised as meat stock, their human social environment is often
less demanding than that of dogs, and this might hamper
their inclination to rely on human-given cues. This was partly
supported by the findings of Albiach-Serrano et al. (40), who
reported inconclusive results in the use of human-given cues
(e.g., pointing, head orientation) by pigs. In contrast, Nawroth
et al. (22) provided evidence that even very young pigs were able
to use a variety of pointing cues and were also able to utilize the
body and head orientation of a human experimenter to locate a
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hidden reward. However, pigs could have learned the gestures
rapidly or, in terms of the pointing gestures, relied on stimulus
enhancement. Thus, it is not clear whether the pigs were able to
comprehend the referential and intentional nature of the human-
given cues or whether they used learned contingencies to solve
the task [see (134)].

Only a few studies have shown that pigs seem to be capable
of social learning, either vertically (48, 49) or horizontally (55).
However, in most examples, learning was directly related to
food cues and could have been acquired through direct snout-
snout interactions rather than visual observation. Based on their
foraging ecology, it would be advantageous to not only learn
what to eat but also learn how to acquire und process particular
food sources. Recently, it has been demonstrated that juvenile
Kunekune pigs learned how to manipulate objects (i.e., open a
door) to receive a reward from related adult individuals (49).
However, there have not been any studies on horizontal social
learning that involves problem-solving or object manipulation
for pigs.

Pigs are highly competitive foragers, and they rely on
patchily distributed food sources. Therefore, it is unsurprising
that dominant pigs readily start to scrounge on subordinate
individuals of the group by following them to food patches they
have discovered (135). In terms of this exploitation, it seems
adaptive to be aware of the presence and attentive states of
other individuals. Indeed, research suggests that pigs are able
to attribute attentive states toward other individuals. Using an
informed forager paradigm (136), Held et al. (63) found that
the approach time to a baited container of a subordinate but
knowledgeable pig depends on the body position of a dominant
but ignorant conspecific. Overall, the subordinates were more
likely to show food-directed behavior when the chances of
arriving at the food source ahead of their exploiters were higher.
Intriguingly, subordinates adjusted their foraging behavior based
on whom they were foraging with, i.e., counter-exploitation
behavior was only observed with dominant subjects that had
already scrounged on the subordinates in previous foraging
trials (137). In another study, Held et al. (62) allowed pigs to
follow two companion pigs, of which one was able to see the
baiting of food and the other was not. Most pigs did not follow
their companions, likely to avoid competitive and aggressive
behavior. Nonetheless, out of ten pigs, two subjects followed their
conspecifics, and one of them followed the “knowing” individual
significantly more often than the “unknowing” individual. These
studies suggest that pigs use body cues to discriminate between
the different attentive states of conspecifics and that they, to
some degree, might be able to interpret the visual perspective of
others. No studies have focused onmore complex socio-cognitive
phenomena, such as prosocial behavior or inequity aversion,
in pigs.

Small Ruminants
Physical Cognition
Goats and sheep are both small ruminants that preferably
graze/browse on grass and herbs; thus, being able to categorize
food stimuli should be useful to these animals during foraging.
For example, sheep have been shown to use species-based

categorization when selecting their diet. Sheep generalized their
aversion among species and classes of plants into distinct
categories (15, 138). Experiments under husbandry conditions
have also shown that goats have more abstract learning and
categorization abilities. By using an automated learning device,
Langbein et al. (139) investigated “learning to learn” or “learning
set” formation in dwarf goats. The performance of the animals
improved when the animals were tested using a series of visual
discrimination tasks, and the results indicated that the goats
started to develop a “learning set.” In addition, dwarf goats can
form open-ended categories based on similarities in the visual
appearance of artificial symbols, while individuals are also able
to generalize these categories across new symbols (16). Using a
similar experimental setup, individual goats were found to be
capable of learning the oddity concept. When presented with
an odd stimulus and three identical non-odd stimuli on the
automated learning device, these animals consistently chose the
odd stimulus after the initial training (140).

Small ruminants possess a sophisticated understanding of
their physical environment. When confronted with a task in
which a reward was hidden in one of two opaque containers
that then switched positions, the goats showed moderate to
high success rates in finding the reward (23). Individual goats,
but not sheep, can also infer the location of a reward through
exclusion. When provided with a choice between two containers
(while only one was baited with a reward), goats and sheep were
able to use direct information (i.e., the presence of food) from
the baited container in the choice task. However, only goats,
but not sheep, used indirect information (i.e., the absence of
the reward) from the empty container to infer the presence of
the reward in the baited container (25). Due to the different
feeding preferences of goats (low-fiber feeders; dietary browsers)
compared to sheep (high-fiber feeders; dietary grazers), goats
might prefer and forage more selectively than do sheep. This
higher flexibility may have led to the avoidance of a potential,
but empty, food location in goats but not in sheep. In fact, an
earlier study by Hosoi et al. (141) indicated that goats avoided
high-fiber food when they were offered the option to feed on
low-fiber food, but sheep did not. No studies have investigated
number discrimination or tool use for either goats or sheep.

Social Cognition
Goats and sheep live in fission-fusion societies with stable
dominance hierarchies (142, 143); thus, it should be highly
advantageous for them to remember and recognize familiar
group members. When presented with pairs of face images or
vocalizations, sheep were able to discriminate between different
species (including humans), breeds and sexes of their same breed.
The sheep learned to distinguish between individual adult sheep
faces, but breed and social familiarity influenced the level of
discrimination performance (144, 145). Sheep behavioral and
neural activities also indicated they remembered faces of familiar
conspecifics after more than 2 years, which suggests sheep have
a high capacity for learning and memory (31); moreover, that
2D images of conspecific faces seemed to be represented as a 3D
equivalent of the real-life individual. Additional evidence for this
was reported in a recent experiment where sheep recognized a
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familiar handler when the face of this handler was presented as a
2D image in a discrimination task (38).

Goats can differentiate among conspecifics using visual and/or
acoustic cues (32, 146, 147). For example, Keil et al. (32)
showed that goats discriminated between familiar and unfamiliar
conspecifics, even when their heads were not visible. Surprisingly,
there have been no investigations to determine how goats
discriminate between humans.

There is broad popular interest in the relationship between
humans and small ruminants, specifically on how small
ruminants react to being observed by humans (e.g., the movie
“The Men Who Stare at Goats”). Indeed, human gaze appeared
to alter the behavior of domestic sheep compared to situations
where there was no human eye contact (148): Sheep glanced
at the gazing human more often and showed higher levels of
activity. Nawroth et al. (42, 149) found that goats differed in their
anticipatory behavior depending on a human’s attentive state. For
instance, when an inaccessible reward was positioned in front
of a goat, an experimenter engaged in different postures that
resembled different levels of attention toward the subject (e.g.,
back turned toward the subject or eyes closed). The anticipatory
behavior of goats increased as the experimenter gave more
attention to the subject, while alert behavior (“standing alert”)
was most prominent when the experimenter was present but not
giving the test subject any attention. These results indicated that
the goats adapted their behavior based on the head and body
orientation, but not the eye visibility, of the experimenter as a
means of being given a reward. The results related to the body
orientation were confirmed in a different experiment that used
a choice paradigm; specifically, goats could choose to beg for
food from either an attentive or inattentive person (i.e., body
turned toward subject vs. body turned away). However, the head
orientation of humans did not affect the choice behavior of
goats (66).

Nawroth et al. (42) and Kaminski et al. (41) investigated the
ability of goats to use various human-given cues in an object-
choice task to locate a hidden reward. The authors found that
goats were able to utilize human pointing gestures, but goats
could not interpret the head or gaze direction of a human to
find the hidden reward. In contrast to the negative findings
regarding the human head and gaze direction, goats could follow
the gaze direction of conspecifics into distant space (41), which
is an extremely important trait in terms of predator detection
(150). Goats also showed human-directed behavior in the form
of frequent gaze alternations toward humans when they were
confronted with an inaccessible food reward (44, 45), which was
similar to what has been found in dogs and horses (43, 81).
Here, as well, goats considered the attentional stance of the
experimenter and altered their use of gaze alternations during the
task depending on whether the experimenter was turned toward
or away from them.

In small ruminants, vertical information transfer between
individuals (e.g., social learning by offspring from adults) is
important for the development of foraging skills (50, 151). For
example, lambs can learn how to use an artificial teat from
knowledgeable lambs that where transferred into their group
(152). Baciadonna et al. (56) tested goats in a foraging task where

they had the opportunity to follow another goat in a Y-maze or
to rely on their own experience where to find a reward. Goats
relied more on personal information than on social information
when both types were available and conflicted with each other.
Briefer et al. (57) investigated social problem-solving abilities of
goats using a complex two-step foraging task in which subjects
had to first pull a rope and then lift a lever to receive access
to food. Goats quickly learned the task on an individual basis.
However, goats that observed a demonstrator goat first did
not learn the task faster compared to goats that did not see a
demonstration. This indicated that the goats relied on individual
experience rather than on social experience in this particular task.
In contrast to these previous findings, human demonstration
improved goats’ performance in a spatial problem-solving task
(60). Goats that experienced a human demonstrator detouring
a V-shaped hurdle solved the detour faster compared to goats
that did not receive a demonstration. No studies are available
regarding more complex socio-cognitive phenomena, such as
prosocial behavior or inequity aversion.

IMPACT ON WELFARE PRACTICES

General knowledge of how farm animals perceive and address
their physical and social environment is of interest for improving
housing and management practices; it can also be used in future
studies in the different fields of applied ethology (64, 153–155).

Enrichment
Livestock housing conditions are often structurally simple and
offer limited possibilities to exhibit species-appropriate behavior
(156, 157). These limitations can lead to boredom and frustration,
which promotes the appearance of abnormal behavior, especially
that which is related to stress and reduced welfare (158, 159).
One way to decrease the level of boredom and frustration in
livestock is to enhance the biological relevance of the housing
conditions of farm animals; this can be done through the
provision of a variety of new structures, items and challenges that
are related to the animals’ needs and natural behavioral repertoire
(157). This so-called environmental enrichment is supposed to
elicit a higher degree of behavioral diversity by increasing the
physical and social complexity of the livestock environment
(160, 161). Providing specific cognitive enrichment, e.g., artificial
challenges associated with rewards, should, through positive
reinforcement and the associated control and predictability of
the environment, evoke positive affective states in livestock and
improve their wellbeing (162–164). A detailed understanding
of the cognitive capacities of farm animals, and especially their
understanding of the physical properties of their environment,
will provide help to design proper forms of structural and
cognitive enrichment (165–168).

The integration of different types of cognitive enrichment
into the housing of farm animals has received little attention; to
date, approaches have been based on the instrumental or operant
learning skills of subjects. For example, using a computerized
feeding device (“call-feeding station,” CFS), piglets were required
to recognize an individual sound signal and then to operate a
button at an increasing fixed ratio to receive a food reward (169).
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Animals learned the task, which was taught using a combination
of classical and operant conditioning, within a short time period.
After several weeks of receiving food via the CFS, piglets showed
less stress during feeding and evoked longer lasting positive
emotions (170) compared to the control animals; moreover, the
piglets displayed less abnormal behavior and showed reduced
signs of fear in the context of being faced with a challenging
environment (169). When goats were successively confronted
with several different visual discrimination tasks through the
use of a computer-based learning device that was integrated
into the home pen, their heart rates initially increased but then
decreased as the goats showed increased learning performance
in consecutive tasks (171). This indicated that the goats had been
exposed to a challenging task that induced positive eustress (172).
It also appeared that goats seemed to seek challenges; for example,
goats continued to operate the rewarding learning device even
when an identical reward was available without the requirement
of additional cognitive effort (173). This behavioral pattern is
linked to the concept of contrafreeloading (174) and indicates
that successfully coping with a cognitively challenging device
or procedure could have intrinsic reinforcing properties beyond
the extrinsic reward itself. Further evidence of this has been
provided in experiments on heifers and beagles, who showed
greater positive excitement after learning an operant task than
did control animals who did not have to solve the task themselves.
This excitement that accompanies success is believed to be related
to positive affective states in non- human animals (175, 176).

Regardless of which device or procedure is used to cognitively
challenge the animals, the device or procedure must be modified
regularly to be remain challenging, e.g., by changing the rewarded
cue or the entire task (177). Otherwise, the animals will
develop routine-like behavior, and the device will no longer
be challenging and enriching. On the other hand, to develop
appropriate challenges that do not overstrain the animals, we
need to have detailed knowledge on the species-specific problem-
solving abilities of livestock animals.

As described, the first attempts to integrate cognitively
challenging tasks into housing to promote cognitive enrichment
have focused on operant conditioning tasks. In the future, in
addition to relying on learning, it may be important to also rely
on physico-cognitive traits (such as categorization abilities or
making inferences) to pave the way for new opportunities on how
to integrate changing challenges into the housing environments
of animals (Table 1). However, the limited availability of solid
evidence of the physico-cognitive capacities discussed in this
review demonstrates how little we actually know about the
problem-solving abilities of farm animals and their perception of
their physical environment.

Transfer
When farm animals are transferred to new environments during
ontogenesis and confronted with new devices, e.g., automatically
delivered food or water or offered comfort, they often need
time to acclimate to these new conditions and learn how
to use the devices (178). During these situations, it might
be highly beneficial to rely on the mechanisms related to
social or observational learning from experienced conspecifics

(or humans) who act as demonstrators; this may facilitate
the adaptation process to the novel housing conditions. To
achieve this, we must identify the distinct and species-specific
mechanisms of social learning in farm animals (see Table 2). In
sheep, social learning plays an important role in the transmission
of diet preferences (179). Housing dairy calves in social groups
results in increased weaning weights compared with calves that
have been individually housed; this result is likely due to the
increased intake of dry matter, which is often attributed to
social learning or social facilitation during feeding (180, 181).
In lambs, learning to suckle from an artificial teat was facilitated
when an experienced partner was in the group compared to the
control group that did not have a demonstrator. Experimental
lambs sniffed or sucked the teat more often than did the lambs
in the control group (152). Future research should identify
which potential mechanisms, e.g., social facilitation, stimulus
and local enhancement, or observational conditioning (86, 182),
enable farm animals to use information from conspecifics
or heterospecifics.

Human—Animal Interactions
To improve handling practices under farm management
conditions, it is important to know how livestock perceive and
interact with humans. Based on this knowledge, applied research
can be better adjusted to assess how subtle human behavioral
changes can have rewarding or adverse effects on livestock
behavior (183). During recent decades, it has been shown
that different farm animal species can discriminate between
individual humans (see Table 2), and animals may use individual
humans to predict positive or negative events that are routinely
involved in housing and management (184, 185). Mini pigs that
were positively reinforced by their handlers over several weeks
discriminated between the familiar keeper and a stranger in
a Y-maze test using auditory, visual and olfactory cues (133).
Similarly, cattle have been shown to discriminate between a
handler who reinforced an operant action and a handler who
did not (102). A differential reaction towards humans has been
observed in sheep; for example, lambs handled by an unfriendly
handler generalized their fear responses toward familiar and
unfamiliar humans, while gently treated lambs discriminated
between familiar and unfamiliar humans (186). Horses have also
been shown to generalize their experiences with positive and
negative stockpersons from one human to another (187). This
gradual variation in the abilities of different livestock species to
differentiate between individual humans based on their attitude
toward the animals might have profound implications for animal
housing and management.

Next, to avoid negative impacts, it is also important to identify
and implement rewarding human-animal interactions (183).
Studies on tactile human-animal interactions have demonstrated
that there is potential to identify relevant stress-reducing
behavior by stockpersons during handling and transport
processes (188–191). For example, direct interactions between
farm animals and their handlers (e.g., gentle touching or
stroking) resulted in the animals having reduced stress and fear of
humans (192–194); therefore, this improved the ease of handling,
productivity and immune response (195–197).
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Furthermore, various farm animal species follow human-
given communicative cues and differ in their behavior based
on whether a human gives them attention or not (see Table 2).
Although most of these experiments included (previous) positive
feedback from humans, animals will also likely show different
responses based on the attentional stance of a human in more
aversive settings, e.g., routine handling practices (148). Some
livestock species, such as goats and horses (43, 44, 118), have
been shown to also engage in communication efforts directed
at humans (Table 2). Animals used behaviors, such as gaze
alternations, to direct the attention of a human toward a
problem that the animal could not solve themselves. In terms
of applying this to the farm, the skilful reading of these
cues could lead to the improved detection of livestock needs.
Advanced communication between livestock and humans does
exist and using it in an applied setting might help decrease
stress during handling and better meet the needs of the
animals. However, no relevant research on this topic has been
conducted yet.

ETHICAL CONSIDERATION

The question about how we should treat farm animals based
on their complex social, cognitive, and emotional capacities
is a question of philosophy, and more specifically, of animal
ethics (198). Several capacity-oriented approaches exist, and
these, in one way or another, link the moral status of
animals to their abilities (199). However, the role of such
abilities and the weight they are assigned will vary based
on the different normative frameworks of these theories
(200). Two important primary approaches should be separated,
as they lead to implications that partly overlap but are
also profoundly different in their nature and impact. The
moral implications of (farm) animal cognition can first be
assessed by welfare ethics [understood as an interdisciplinary
endeavor among welfare scientists, biologists, veterinarians, and
philosophers (201–203)]. Second, one can complete such an
assessment by applying ethical theories that go beyond welfare
[e.g., (204, 205)].

Welfare Implications
It has been recognized that the links between cognition
and welfare are important from an economic perspective
in terms of its relation to production success (64).
However, from the perspective of animal ethics, it
can also be asked whether animal cognition and this
connection to animal welfare matters from the perspective of
the animals.

On the one hand, the nature of animal minds with regard to
their capacity to feel pain and other adverse feelings can form the
basis for an ethical account of experiential well-being in animals
(199). On the other hand, experiential well-being is at the core
of one of the most important and most recognized principles
in animal ethics, i.e., the principle of non-maleficence (206). This
principle asks us not to cause extensive unnecessary harm to others
without their consent, which is a claim that can be specified
into several sub-rules. Among them is, most importantly, the

rule to provide for the basic physical and psychological needs
of animals that are under human care (206). This means that
welfare ethics establishes an argument that connects physical and
psychological needs with welfare and connects welfare with a
normative value.

If animal ethics is concerned with animal welfare and welfare
is indeed “solely [dependent] on the mental, psychological and
cognitive needs of the animals concerned” (207), then the range
of connections among capacities, needs and welfare must be
considered. For example, learning and memory capacities are
assumed to have an impact on the capacity of an animal
to cope with housing conditions; thus, these capacities can
impact the welfare of the animal (64, 208). Similarly, we
might argue that their abilities to recognize and remember
conspecifics and to understand the mental states of others (such
as their perception and motivations, Table 2) have an impact
on the richness and quality of their social life. Such abilities
could be important pre-requisites for (or building blocks of)
more complex social interactions like empathetically motivated
helping behavior or cooperation. The same will be true for
animals’ general prosocial tendencies and their understanding
of fairness. Capacities like these are currently at the center
of philosophical, psychological and biological debates, and
may even be related to the question whether animals possess
the ability to act morally themselves. They will increasingly
attract scholarly attention and spur interdisciplinary debates
(91, 209–212). Rowlands (212) for example, suggested a de-
intellectualized approach to the moral abilities of animals:
according to his theory animals can be regarded as moral
subjects if their behavior is motivated by moral emotions
like empathy.

Beyond Welfare
However, some ethical problems cannot be fully captured by
welfare approaches. If good welfare was the only important
ethical premise, then we could potentially instrumentalize,
objectify, ridicule, or even kill animals as we like—as long as
we did it painlessly. The question is if doing so still constitutes
kinds of harms that occur even if the animals do not immediately
suffer. In humans, at least, we clearly assume that objectification
for example does damage to a human’s dignity even if the person
herself may not perceive it that way. Therefore, many ethicists
meanwhile employ concepts such as respect and dignity in animal
ethics as well (213), and develop approaches based on considering
the animals’ capabilities (205), integrity (214), or rights (215),
Such accounts bear the potential to argue beyond the claim
of welfare.

In such theories, the complex social and cognitive capacities
of animals can play a more direct role in terms of moral
qualities. Nussbaum, for example, argued that each species
has a set of capabilities which are intrinsically valuable,
meaning that behavior based on these capabilities is a value
in itself and does not just have an instrumental value (205).
Carrying out such capabilities is essential to the flourishing
of members of that species. Pro-social care behavior falls in
this category of capabilities. However, carrying out pro-social
care behavior in housing systems that isolate and restrain
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animals might be impossible. The same might be true if
social animals are frequently separated and regrouped according
to productivity and reproductive state. In dairy cows, for
example, long-term familiarity has an effect on the intensity
of social relationships (216). Evidence from other species has
suggested that animals have a higher probability of engaging in
caring and helping behaviors when they are familiar with the
other subject (217). Thus, dairy cows in standard husbandry
systems might be restricted to impoverished relationships and
social engagement. If the only possible relationships these
animals can establish are short-term relationships and if they
frequently lose their preferred social partners, this might
be considered a welfare issue. However, it could be more
than that. If complex capacities in the realm of prosociality,
such as caring or helping behaviors, are capabilities that
are inherently valuable, then it constitutes a much broader
ethical problem that we have established husbandry systems
that systematically prevent the animals from developing and
maintaining such capacities [for a discussion related to this topic,
see (218)].

In contrast to the welfare approach, the animal rights
approach asserts that most animals we use as farm animals
are subjects-of-a-life, i.e., a status for which a range of
cognitive, emotional and social capacities are paramount. As
such subjects, these animals deserve some basic inviolable
rights (215). To build on this idea, biologists and rights
philosophers have proposed the claim that animals whose
cognitive capacities have high similarities with those of humans
should at least be afforded a right to life and freedom
and should not be tortured (204). Until now, such claims
have been focused on animals that are obviously cognitively
complex, e.g., great apes and cetaceans. Future cognition
research will increasingly reveal whether the abilities of farm
animal species should be interpreted in a substantially different
way. The abilities of farm animals might in fact sufficiently
resemble the capacities recognized in apes and dolphins
and deserve similar moral relevance. Thus, with proceeding
research, we can expect more ethical discussions, and some
of them will continue to challenge the rather narrow focus of
welfare ethics.

RECOMMENDATIONS FOR FUTURE

RESEARCH AND CONCLUSIONS

Farm animal cognition is a relatively new, but growing,
field of research. It provides an excellent opportunity for
interdisciplinary work that combines research on animal
cognition and animal welfare (48, 208). For instance, paradigms
such as the judgement bias test first emerged in human
psychological research; now this paradigm is an established test
paradigm in applied ethology (219). Similar transfers of other
test paradigms are likely to follow and will provide exciting new
insights into the minds of farm animals. Indeed, the increased
implementation of experimental designs used in human/primate
psychological research is highly recommended to improve our

understanding about how livestock perceive and interact with
their environment.

The attribution (or lack of attribution) of certain cognitive
capacities in farm animals is not only relevant for providing
adequate welfare but also for consumer choices (220). For
example, the tendency to not eat a specific kind of meat increases
as more human-like cognitive capacities are attributed to a
particular livestock species (221). In contrast, the “dumbing”
down of farm animals leads to less moral concern in terms
of eating these species (222). Current evidence only scratches
the surface of farm animal cognitive capacities, but it already
indicates that livestock species possess sophisticated cognitive
capacities that are not yet sufficiently acknowledged in welfare
legislation. Thus, the recognition of farm animal cognition
plays—and will continue to play—a vital role in consumer
attitudes as well as in ethical theory.

In this article, we reviewed the evidence on a variety
of cognitive traits in farm animals. Certain traits, such as
the ability to form categories or the differentiation among
individuals, have been thoroughly investigated. However, we
identified a lack of research on a diverse set of physico-
cognitive capacities (such as numerosity discrimination and
object permanence). This knowledge in particular is of key
interest to better understand how farm animals perceive their
physical environment; this information will improve our design
of husbandry environments and enhance the development of
management practices.

Finally, we want to emphasize that especially for research
on farm animals it is important to know what they are not
capable of; this helps us to avoid exposing these animals to
stressful situations (83). For instance, the degree to which subjects
are able to mentally travel in time is highly relevant to how
they anticipate positive or negative future events (208). The
“file drawer effect,” i.e., negative findings remain unpublished
because they are not novel or exciting enough (223), is thus
likely tomassively hamper progress on how to adequately address
welfare issues.
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Prima facie, the acquisition of novel behaviors in animals through observation of

conspecifics seems straightforward. There are, however, various mechanisms through

which the behavior of animals can be altered from observing others. These mechanisms

range from simple hard-wired contagious processes to genuine learning by observation,

which differ fundamentally in cognitive complexity. They range from social facilitation

and local enhancement to true social learning. The different learning mechanisms are

the subject of this review, largely because research on learning by observation can be

confounded by difficulties in interpretation owing to the looming possibility of associative

learning infecting experimental results. While it is often assumed that horses are capable

of acquiring new behavior through intra-species observation, research on social learning

in horses includes a variety of studies some of which may overestimate the possession

of higher mental abilities. Assuming such abilities in their absence can have welfare

implications, e.g., isolating stereotypical horses on the assumption that these behaviors

can be learned though observation by neighboring horses. This review summarizes the

definitions and criteria for the various types of social transmission and social learning

and reviews the current documentation for each type in horses with the aim of clarifying

whether horses possess the ability to learn through true social learning. As social

ungulates, horses evolved in open landscapes, exposed to predators and grazing most

of the day. Being in close proximity to conspecifics may theoretically offer an opportunity

to learn socially, however anti-predator vigilance and locating forage may not require

the neural complexity of social learning. Given the significant energetic expense of brain

tissue, it is likely that social facilitation and local enhancement may have been sufficient in

the adaptation of equids to their niche. As a consequence, social learning abilities may be

maladaptive in horses. Collectively, the review proposes a novel differentiation between

social transmission (social facilitation, local, and stimulus enhancement) and social

learning (goal emulation, imitation). Horses are undoubtedly sensitive to intra-species

transfer of information but this transfer does not appear to satisfy the criteria for social

learning, and thus there is no solid evidence for true social learning in horses.

Keywords: cognition, equine, local enhancement, social facilitation, social learning, social transmission, training,

welfare
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INTRODUCTION

Individual behavior can be altered in various ways, some of
which involve actual learning mechanisms, while others such as
social facilitation rely on a particular behavior being contagiously
triggered by a similar behavior in others (e.g., flight responses
in horses or yawning in humans). Conversely, learning of
novel behaviors can occur through individual or social learning.
Individual learning refers to the animal acquiring new behavior
by the trial-and-error processes of associative learning, that is
learning by its own experience. In contrast, the contemporary
understanding of social learning is that the animal attains new
behavior after observing a conspecific performing the behavior
(1). At least some forms of social learning are likely to entail
higher mental abilities such as insight as they require the animal
to see and remember the behavior, transfer the behavior to its own
behavioral repertoire, and subsequently perform it (2). In theory,
social learning is related to group-living because living in close
proximity to conspecifics offers an opportunity to watch and
learn (3, 4). Several authors have also emphasized this connection
[e.g., (5, 6)], although more recent studies have reassessed the
theory and found conflicting results, possibly due to interspecific
differences in learning [e.g., (7)].

As group-living animals, it is often assumed that horses
are capable of acquiring new behavior through observation of
conspecifics (8–10), but solid evidence of true social learning in
horses is lacking. Research on social learning in horses includes a
variety of studies, some of which may over-estimate the mental
abilities of horses. This review critically assesses these studies
and reveals that the number of demonstrations provided by the
demonstrator horse varies to the extent that one could reasonably
argue that the observer horses learned by associative learning
rather than by social learning. Importantly, over-estimating the
mental abilities of horses is not only a scientific challenge but may
also have welfare consequences. The anecdotal assumption that
horses can learn so-called “vices” via observation of conspecifics
is often used as an argument to keep stereotypic horses in
social isolation to prevent the abnormal behavior from spreading
(11, 12). This assumption, however, has never been confirmed
in either experimental (13, 14) or in epidemiological studies
(15). Additionally, horse trainers may assume that naïve horses
are able to observe and learn from older, well-trained horses
(9, 16). Although horses undoubtedly are sensitive to transfer of
emotional states (17) they are less likely to learn specific behaviors
from conspecifics. Both over- and underestimating the mental
capabilities of horses can have significant welfare implications
as this has been used to justify punishment in some training
systems. Training methods based on a flawed understanding of
equine learning processes may to some extent explain differences
in horse training methodologies [reviewed in (18)].

Dennett (19) pointed out that assuming without solid proof
that animals have insight into their instinctive behaviors amounts
to an unacceptable rejection of the null hypothesis. With regard
to the implication of higher mental abilities in animals where
such abilities may not be within the cognitive realm of the
subject species, a similar precautionary principle should be
applied.

This review aims to assess the evolutionary basis for
higher mental abilities in horses, including their ability to
learn new behavior from observation of conspecifics. We
revisit studies on social learning in horses and discuss
the extent to which the available results may reflect social
influence on individual learning, rather than true social
learning.

DEFINITIONS OF SOCIAL COGNITIVE

MECHANISMS

“In no case is an animal activity to be interpreted in terms of

higher psychological processes if it can be fairly interpreted in

terms of processes which stand lower in the scale of psychological

evolution and development” (20).

Lloyd Morgan’s Canon is a fundamental tenet in cognitive
science. Morgan was reacting to interpretations of animal
behavior he found excessively anthropomorphic and described
cases in which behavior that may, at first, seem to involve
higher mental processes could in fact be explained by simple
associative learning. He used the example of how his dog skillfully
opened the garden gate, which could easily be interpreted as
an insightful act by someone seeing only the final behavior.
Morgan had, however, recorded the series of approximations
by which the dog gradually learned the response and could
demonstrate that no insight was required to perform the
behavior.

In line with Lloyd Morgan’s observations, humankind’s
general fascination with the cognitive abilities of animals may
sometimes lead to conclusions that ascribe higher mental
processes to animals than are actually necessary to perform a
specific behavior. For example, doubts were raised on imitation
as the underlying mechanism for two of the most well-known
examples of apparently imitative behavior transmission: potato
washing in Japanese macaques (21) and milk bottle opening
in tits (22). Reinforcement by human caretakers may have
interfered with the spread of potato-washing, which was found
to be easily learned by monkeys (21). Similarly, Sherry and
Galefs’ (22) results demonstrated that experience with previously
opened bottles was sufficient to establish milk bottle opening
in birds, i.e., no observation of a demonstrator bird was
necessary.

Since Edward Thorndike set out to investigate whether
animals can “from an act witnessed, learn to perform that act”
(23), a considerable amount of research has aimed at exploring
the cognitive abilities of animals to learn via observation of
conspecifics. The term social learning has been used in a broad
and general way to label a wide range of cognitive processes.
Some of these only include mere social influence on individual
learning, e.g., local enhancement, while others such as the more
complex processes of imitation and goal emulation require higher
mental abilities (24, 25). To avoid the misleading implication
of higher mental abilities across the gamut of so-called social
learning, we suggest a more precise taxonomy. We suggest that
social influence on individual learning is clearly distinct from
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true observational learning and should instead be labeled social

transmission, i.e., a transfer of information between individuals
that merely influences the likelihood of subsequent individual
learning.

Henceforth, in this review we use the term social transmission

to cover all processes that involve a more simple transfer
of information and/or behavior between individuals of the
same or different species, whereas social learning encompasses
observational learning of novel behavior requiring more complex
cognitive abilities. We use the term social learning to describe
intra-species processes, i.e., learning from conspecifics, and the
more general term observational learning to refer to inter-
species processes, i.e., learning from observation of an individual
of another species. In this dichotomy, social transmission

includes the following terms:

• Social facilitation, in which the behavior of a conspecific
changes the motivation of the observer, resulting in the
tendency of individual animals to do what other individuals
are doing. This phenomenon can be considered a social
influence on behavior but not as a form of learning, as it
only leads to an increase (or decrease) in performance of an
existing behavior (26, 27). Social facilitation is involved in
the synchronization of various behaviors, such as feeding and
resting behavior (28).

• Stimulus enhancement, where the observer becomes more
likely to interact with stimuli of the same physical type as
those with which the demonstrator interacts. The observer
is therefore more likely to learn about the consequences of
interacting with these types of stimuli through individual
associative learning (1, 27, 29).

• Local enhancement, where the behavior of a demonstrator
results in an increase in the salience of a particular stimulus
or location. The observer’s attention may be increasingly
drawn toward previously irrelevant features, or the observer’s
motivation to investigate the stimulus or location may be
increased. Any subsequent acquisition of the same motor
behavior as the demonstrator will be accomplished by
individual associative learning directed toward the newly
salient part of the environment (30, 31).

In contrast, social learning requires higher mental abilities and
includes:

• Goal emulation, which refers to the reproduction of the results
of a model’s behavior, rather than the reproduction of the
precise behavior that produced those results. The observer sees
the movement of the objects involved and then gains new
insight about their relevance to its own motivations (32).

• Imitation, which describes situations where the observer
copies the motor patterns of the demonstrator by some
process of cross-modal matching (31). Imitation of non-
vocal demonstrations requires an observer to match a visual
representation of an observed motor input with its own
proprioceptive control and regardless of the concurrent visual
signal of its own behavior (25). Thus, imitation requires a
certain cognitive sophistication. It is notable that many of
the classic field observations of apparent imitation could

be explained as examples of associative learning, mediated
by local or stimulus enhancement or even explicit human
reinforcement (25).

• Program-level imitation, which refers to the most cognitively
complex expression of observational learning. It involves a
sequence of copied movements that are observed and imitated
(33). Program-level imitation evolved for the rapid acquisition
of complex skills and is seen in animals such as mountain
gorillas where the young learn how to prepare certain noxious
plants for consumption.

The first convincing evidence of imitation in animals came
from studies reporting that naive budgerigars (observers) that
had watched a trained conspecific (a demonstrator) use either
its foot or its beak to press a lever to obtain food tended to
use the same appendage as had their respective demonstrators
(34). Later, a number of other authors conducted “two-action
experiments” and reported similar effects, e.g., rats pushed
joysticks either to the right or left, depending on the act of
the demonstrator (35) and chimpanzees either pulled or pushed
artificial fruit to obtain rewards (36). These studies provide
evidence that by observing an act some animals tend to produce
that same act. However, Galef (24) argues that since the behaviors
needed to perform the acts (stepping, pulling, pushing) were
already present in the animals’ behavioral repertoires, the two-
action experiments only provide evidence that observing an
act can increase the relative probability that an animal will
express that act rather than others in its repertoire. Instead,
Galef (24) argues, true imitation requires that the animals copy
a completely novel behavior, which was not previously in its
behavioral repertoire.

Whereas, social learning in terms of imitation of motor
patterns may play an important role in the acquisition of new
skills in some species, it is noteworthy that social transmission
in a broader context has a variety of functions, e.g., in relation
to acquisition of information about the environment and the
acquisition of social behavior (31). In this context, local or
stimulus enhancement followed by associative learning may be a
more efficient way of acquiring skills in many circumstances. As
we shall discuss in the next section, local enhancement appears to
be more biologically relevant to horses.

ADAPTIVENESS OF SOCIAL LEARNING IN

HORSES

The study of the adaptive use of social and non-social
information has the potential to increase our understanding of
how animals interact with the social and physical environments
in which they live (37, 38). How animals procure their food has
been a significant driving force in the evolution of mental abilities
in animals and one would expect different mental abilities to have
evolved for various foraging niches (39). From this viewpoint, it
follows that convergent evolution of mental abilities would arise
in animals that occupy similar niches. Kendal et al. (40) point out
that it is more advantageous and therefore adaptive for species
that use complex foraging skills, such as cooperative predation
and tool-use, to rely more on social information than individual
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learning. In particular, the dispatching of large and dangerous
prey would be ameliorated by social learning. Nevertheless,
herbivores are reported to socially learn to choose food items and
avoid toxic foods from a very early age (41, 42). They alsomonitor
the eating behavior of group members and minimize the risk of
predation by choosing food patches closer to conspecifics (43).

Such behaviors in herbivorous animals, however, may bemore
parsimoniously explained by local enhancement and associative
learning. It follows that when a particular food choice is
reinforced, the animal will be more likely to choose similar foods.
From this viewpoint, it seems unlikely that the evolution of
herbivory would require cognitive capabilities greater than local
enhancement. Accordingly, Marinier and Alexander (44) have
shown that foals learn their mother’s diet not by social learning
or even social transmission, but by coprophagy. It is evident
that the horse has circumvented the cognitive complexity and
energetic costliness of social learning of at least some elements
of foraging via a non-cognitive process. Similarly, Provenza et al.
(45) demonstrated that sheep learn food aversions via a similar
non-cognitive process, which can occur even under anesthesia.

An important consideration is that herbivory may not
facilitate the evolution andmaintenance of highermental abilities
because of its low energy yield compared to e.g., carnivory. Brains
are energetically expensive (46) and it is likely that complex
mental abilities, such as those required for true social learning
compared to social transmission, may be an “unaffordable
luxury” for an obligate herbivore. Accordingly, this would be
true for any obligate herbivore regardless of phylogenetic affinity
unless it was biologically adaptive such in the Gorilla whose
young learn to render stinging plants edible partly by social
learning (39). As studies of the behavior of ancestral equids
are scarce, studies of wild and reintroduced breeds of equids
provide insight to the environment in which equine cognitive
abilities evolved. Wild equids have evolved in open landscapes,
exposed to predators and with high fiber/low nutrient food.
Living in such an environment, synchronizing activities may
help individuals increase the benefits of group living, e.g.,
early detection of predators and subsequent flight responses
as well as forage detection when the environment is patchy
(47, 48). Generally, social learning is thought to be adaptive at
intermediate rates of environmental variability, because in highly
variable environments, social information could be outdated
or have no fitness benefit in the new environment (49). In
order for social learning to be adaptive, the cost-benefit ratio of
socially acquiring new skills should outweigh that of individual
associative learning.

Finally, homeothermy is expensive from an energetic point
of view. So too are higher mental abilities (50, 51) which are
generally associated with larger brains due to more neurons
and neural activity. A larger brain with more neurons functions
to enhance gathering, storing and integrating information (52),
and facilitating acquisition of new and altered behavior patterns
through cognitive processes (51). Accordingly, Martin (53) found
a significant positive correlation between basal metabolic rate
and brain mass in a balanced sample of 51 mammalian species.
Isler and van Schaik (50) also showed that this correlation
persisted while controlling for body size effects (including

347 mammalian species). In mammals, the energy costs of
homeothermy are compensated through either increased energy
intake or reduced allocation of energy to other biological
functions such as growth, reproduction, locomotion, or digestion
(50). Clearly, homeothermy should place a limitation on costly
mental processes such as those required for social learning.
Indeed, as pointed out by McLean (39), this restriction is
largely true of grazing mammals across the taxa, from the dual
standpoint of published data on the existence of higher mental
abilities and the requirements of the herbivorous niche.

On the other hand, studies on species where foraging requires
refined and precise skills show much clearer signs of animals
being more likely to perform a behavior after observing a
conspecific performing that behavior. Voelkl and Huber (54) for
instance found significant differences between the two observer
groups of common marmosets, who had observed a method for
opening a container by either hands or the mouth. Individuals
who observed the hand method, all used their hands when
opening the container, whereas individuals observing the mouth
method mostly used their mouth. There are several such reports
from various monkey species, but also canine species appear
able to learn from observation. For example, domestic dogs
observing a trained dog opening a food container with the paw,
also used their paw whereas naïve dogs were more likely to use
their mouth (55). Social learning is in these cases advantageous
because individual learning can be costly and the advantage of
exploiting the expertise of others outweigh the biological cost of
this ability [for more details, see (56)].

Optimal foraging in ungulates may require little more than
following the movements of other conspecifics in order to
detect the best forage while local enhancement may deliver the
necessary transmission of learning from one horse to another
obviating the need for more energetically costly mental abilities.
Thus, from the viewpoint of the equine foraging ethogram
and mammalian metabolic demands, it is clear that social
transmission provides sufficient transfer of behavior from one
horse to another without the need for complex social learning
abilities.

SOCIAL LEARNING OR SOCIAL

TRANSMISSION IN HORSES?

Despite the aforementioned potential maladaptiveness of social
learning in horses, a few studies have suggested that horses
possess the ability to learn via this process. In one study, horses
had to open a box by pulling a rope with their mouth to obtain
food rewards (57). Twenty-five horses watched a trained horse
demonstrating the task and in a separate experiment, 14 horses
were used as controls, i.e., no demonstrations and thus possibly
less food cues on the rope. The authors concluded that 12 of
the 25 observing horses learned to pull the rope. However,
only 4 of these horses learned the task after 8 demonstrations,
three by pulling with their mouth and one by pulling with a
hoof. The remaining 8 horses needed between 14 and almost 80
demonstrations to learn to pull the rope. The authors further note
that the majority of the 14 control horses rapidly lost interest
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in the task (i.e., stopped engaging in behavior directed toward
the rope) and only two learned to pull the rope after about
80 trials. The results suggest that local enhancement cues from
the demonstrations gave the observing horses a small advantage
compared to the controls. Additionally, the 12 horses that solved
the task used different techniques in order to achieve the goal of
opening the feed container, with only 6 horses using the same
behavior as the demonstrator. Considering the number of horses
that learned to pull the rope and the low speed at which they
learned the task, the results can be more accurately explained
by local enhancement and associative learning rather than social
learning.

Another study analyzed the extent to which horses could learn
by observation to follow a person in a round pen using four
different tests (58). In the first test, 12 horse pairs were included
(one demonstrator and one observer horse in each pair). The
demonstrator horses either followed (n= 4) or did not follow the
person (n = 8) during the demonstration. Three of the observer
horses observing the following behavior, expressed following
behavior themselves when subsequently tested, whereas one
horse did not. None of the 8 observer horses paired with a non-
following demonstrator showed following behavior when tested.
In the second test, eight “dominant” horses demonstrated the
following behavior to eight horses, which had participated in the
first experiment and had not expressed the following behavior
when tested. In this second test, the 8 horses showed following
behavior when tested. In the third test, a “dominant” horse
observed a “subordinate” horse perform the following behavior,
resulting in one horse showing the following behavior after the
demonstration whereas 13 horses did not. Lastly, the fourth test
paired 8 observer horses with 8 unfamiliar demonstrator horses,
which resulted in no observer horses following. Based on these
tests the authors conclude that “subordinate” observers copy the
behavior of a familiar, “dominant” horse, and that “dominant”
horses do not copy the behavior of a familiar, “subordinate” horse.
Across the tests, however, only horses experienced in round pen
training (n = 3) performed the following behavior and as none
of the inexperienced horses performed the following behavior
after having watched a demonstration, it is likely that no social
learning took place. Additionally, although the authors mention
familiarity in their conclusions, it is unclear how familiar each
demonstrator and observer was to each other: The included 38
horses were kept in groups of 11, 6, 9, and 4 horses and an
additional 6 in pairs and 4 solitarily. During the experiment, 14
horses were used as demonstrators and observers, 8 horses only
as demonstrators and 15 horses only as observers but without
mentioning familiarity or testing for a potential group effect.

Conversely, a number of studies have failed to show social
learning in horses. In a study by Baer et al. (59) observer
horses (n = 8) watched conspecifics perform a discrimination
task for 5 days with 4 demonstrations per day. Observer and
control (n = 16) horses were then tested daily for 14 days. The
discrimination learning criterion was set at 7 out of 8 responses
correct with at least 5 consecutively correct. Control and observer
horses did not differ significantly, but from the data it can be
suggested that an effect of prior observation could have been
present if more horses were included. Baker and Crawford (60)

investigated if horses (n = 9) learned the location of grain by
watching another horse finding it in one of two feed buckets of
similar color and shape (i.e., only location cues). No significant
difference between test and controls (n = 18) occurred for both
first and total correct choices, nor for time to reach the feed
bucket with grain. The authors therefore concluded that no social
learning had occurred. In another discrimination experiment,
Clarke et al. (61) tested if observer horses could learn to choose
between two differently colored and shaped buckets after having
it demonstrated by a conspecific. Twelve of the 14 observer
horses reduced their latency to approach the bucket area during
a series of 10 trials implying local enhancement, but there was no
significant difference between observer and control horses in the
number of correct bucket choices.

Two studies investigated the ability of horses to learn an
operant task of opening a feeding apparatus by observation
of a trained conspecific. One study found no significant effect
of prior demonstration, only that across treatments younger
horses engaged in more investigatory behavior [n = 18; (8)].
The other study found that horses observing a demonstrator
horse opening an apparatus spent more time near the apparatus,
although they did not learn to open it more quickly than control
horses [n = 66 across two experiments; (62)]. Again, these
results indicate that local enhancement cues are responsible for
transfer of information between horses, rather than actual social
learning. Another approach to investigating social learning in
horses was conducted by Rørvang et al. (63) testing if observer
horses (n = 11) could learn a simple detour task (turning left
or right) by watching a demonstrator horse making the correct
turn to navigate around a fence. Observer horses did not perform
better than control horses (n = 11) that did not see the route
demonstrated. Although turning left or right is indeed within the
behavioral repertoire of horses, the test horses in this study did
not appear to benefit from social observation. Thus, compared to
species such as rats and budgerigars where observing an act can
increase the probability that the observer animal will express that
act rather than others in its repertoire (24), horses do not appear
to benefit from prior social observation to solve operant and
detour tasks. This difference may relate to these species facing
very different foraging challenges.

Other studies have explored the effects of habituated
demonstrators in fear-eliciting situations. Christensen et al. (64)
investigated if a calm companion influenced fear reactions of
naïve horses, by pairing 18 naïve horses with either a habituated
companion horse (n = 9) or a non-habituated companion
horse (n = 9). When exposed to the fear-eliciting stimulus, the
horses accompanied with a habituated companion reacted less
(less fear-related behavior and lower heart rate), compared to
horses paired with non-habituated companions. The reduced fear
reactions were also present 3 days later when the horses were
tested alone (without a companion), reflecting social facilitation
in combination with associative learning. Using a different
experimental set-up, Rørvang et al. (65) tested the effect of
prior observation of a habituated demonstrator crossing a novel
surface. The observer horses watched the demonstrator crossing
the novel surface from a distance of ∼10m. These observer
horses (n = 11) had lower mean and maximum heart rates
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when subsequently having to cross the novel surface themselves,
compared to control horses (n = 11), suggesting that social
facilitation even occurs from a distance and with a short delay
(10 s) between demonstration and test.

Studies of social learning in other domesticated ungulates
support the results on social learning in horses. In cattle, Ralphs
et al. (66) found that social facilitation causes naïve cattle to start
eating novel and even previously avoided food items. Veissier
(67) investigated if heifers were able to obtain food from a box
by pressing a panel after observing a familiar conspecific doing
so. Heifers observing the demonstrator were more attentive to
the box and the panel but acquisition of the task did not improve.
Thus, also in other herbivores such as cattle, local enhancement
appears to be the underlying mechanism for exchange of
information between individuals. In domestic pigs, Held et al.
(68) reported that observer pigs found relocated food using fewer
bucket investigations than expected by random search, after
watching a demonstrator finding relocated food. Non-informed
pigs were additionally able to exploit the knowledge by following
behind the demonstrator pigs to the food source. Nicol and Pope
(69) analyzed the extent to which pigs could acquire information
from their siblings. No significant effect of observation on
rewarded panel pressing was found, but pigs that had observed
the demonstrators, spentmore time facing the operant panels and
directed more non-rewarded presses toward the operant panels
compared to controls. Collectively these studies indicate an effect
of social facilitation and local/stimulus enhancement on food
acquisition in pigs. Additionally, in relation to food preferences,
weaned piglets show a preference for a flavored feed following
a 30min social interaction with an experienced demonstrator
(70), which could even override neophobia toward the feed. Thus,
socially transmitted cues seem important for pig feeding behavior
(71) possibly owing to their omnivorous foraging behavior (39),
but nevertheless pigs do not seem to utilize actual social learning
in their foraging behavior.

Horses and other domesticated ungulates are indeed sensitive
to transfer of information from conspecifics and the underlying
mechanisms appear to be social facilitation and local/stimulus
enhancement, rather than true social learning. Notwithstanding
however, there seems to be significant potential in exploring
the role of the dam as a salient demonstrator to her foal
in fear-eliciting situations (72, 73). Studies of this sort may
help elucidate how innate fear reactions can be modulated

through an appropriate maternal environment.We conclude that
instead of resorting to unlikely explanations of social learning in
horses in complex experimental situations, more parsimonious
explanations should be sought that are consistent with the
horse’s evolutionary biology and the tenets of Occam’s razor and
Morgan’s Canon.

CONCLUSION AND PERSPECTIVES

In this review we propose a differentiation between
social transmission (social facilitation, local, and stimulus
enhancement) and social learning (goal emulation, imitation).
The latter appears to be more cognitively complex, and in order
to avoid assuming such high mental abilities of horses and
for the sake of clarity of terms, this differentiation is essential.
Herbivory may not facilitate the evolution and maintenance
of higher mental abilities and it is likely that complex mental
abilities such as those required for true social learning compared
to social transmission, may be an “unaffordable luxury” for an
obligate herbivore regardless of ungulate phylogenetic affinities.
Studies on social transmission and social learning in horses show
that horses are undoubtedly sensitive to transfer of information
between conspecifics, however the underlying mechanisms are
most likely to be social facilitation and local enhancement, rather
than true social learning. Horse trainers should therefore not
expect horses to be able to learn new behavior from watching
conspecifics. Instead, acknowledging that horses are adept
at using social cues in terms of social facilitation and local
enhancement can greatly benefit horse training, e.g., through
the use of habituated companion horses for habituation of naïve
horses to frightening situations.
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Variation in Farm Animal Cognition
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Faculty of Biological Sciences, University of Leeds, Leeds, United Kingdom

For farmed species, good health and welfare is a win-win situation: both the animals

and producers can benefit. In recent years, animal welfare scientists have embraced

cognitive sciences to rise to the challenge of determining an animal’s internal state in

order to better understand its welfare needs and by extension, the needs of larger

groups of animals. A wide range of cognitive tests have been developed that can be

applied in farmed species to assess a range of cognitive traits. However, this has also

presented challenges. Whilst it may be expected to see cognitive variation at the species

level, differences in cognitive ability between and within individuals of the same species

have frequently been noted but left largely unexplained. Not accounting for individual

variation may result in misleading conclusions when the results are applied both at an

individual level and at higher levels of scale. This has implications both for our fundamental

understanding of an individual’s welfare needs, but also more broadly for experimental

design and the justification for sample sizes in studies using animals. We urgently need to

address this issue. In this review, we will consider the latest developments on the causes

of individual variation in cognitive outcomes, such as the choice of cognitive test, sex,

breed, age, early life environment, rearing conditions, personality, diet, and the animal’s

microbiome. We discuss the impact of each of these factors specifically in relation to

recent work in farmed species, and explore the future directions for cognitive research

in this field, particularly in relation to experimental design and analytical techniques that

allow individual variation to be accounted for appropriately.

Keywords: cognition, refinement, individual, welfare, livestock, multilevel modeling

INTRODUCTION

Understanding the cognitive capabilities of animals, how they may be affected by the environments
in which we keep them, and the extent to which these changes can be used as an indicator of
welfare, are increasingly of interest in the field of animal welfare. Cognition has been broadly
defined as any process or mental action required to gain, process, and use information collected
via experience, thought and senses (1). This includes functions such as attention, memory, social
learning, associative learning, judgment, and reasoning, to name a few (2). Understanding the
cognitive capabilities of animals thus allows us a window into the way in which an animal perceives
and makes sense of the world around it. This is particularly important for farmed species, which
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there are large numbers of globally, and where the husbandry
practices directly affect their welfare and have the potential to
cause suffering (3, 4). There are numerous tests available that
allow us to assess cognitive ability (Table 1) and multiple factors
that we know are important to consider in applying these. Despite
advances in this endeavor, assessing and interpreting cognition in
non-human animals is challenging.

Part of the difficulty with studying cognition in farmed
animal species is due to individual variation in cognitive
abilities. The majority of animal cognition studies examine
how individuals perform in cognitive tasks on average, using
aggregated data (e.g., the mean number of trials correct, average
latency to respond). However, individuals also show between-
and within-individual variation in cognition across repeated
measurements or across different experimental conditions (97).
Variation in individuals’ average performance may represent
relatively consistent between-individual differences in cognitive
styles, similar to animal personality (98). Variation in within-
individual cognitive change (e.g., the rate of learning) may
further indicate differences in cognitive flexibility, a posited
mechanism of behavioral plasticity (97). Variation in residual
within-individual change (i.e., the amount of variation around an
individual’s average performance) could be used as a measure of
cognitive resilience in farmed animals [e.g., (99)]. In turn, factors
such as age, sex, breed and personality may predict these facets of
individual variation.

In this review, we explore the main causes of within- and
between-individual variation in cognitive testing of livestock. By
“causes,” wemean factors that would result in individual variation
all else being equal [e.g., (100)]. In section one, we give a brief
overview of the types of cognitive tests available, including a
table which shows the type of test and which cognitive function
it has been used to assess. In section two, we then identify
some key areas that can contribute to variation, including;
sex, breed, personality, life stage, diet, mood, motivation, and
gut microbiome. Following this, in section three, we highlight
statistical methods for estimating different facets of individual
variation and include a statistical example.

TYPES OF COGNITIVE TESTS

There are multiple ways to assess an animal’s cognitive
capabilities and in Table 1 we list some of the most common
tests used to investigate different aspects of cognition in farmed
animal species. However, many require the use of more than
one cognitive ability and tests are often adapted to suit the
species or cognitive function of interest (101). Indeed, the notion
of embodied cognition (102) highlights the connection and
interaction of the brain with the body and the environment.
The anatomical features of a species may allow it to perform
better or worse on a given cognitive task than another species.
Thus, to accurately measure cognition with cognitive tasks, it is
necessary to ensure that the task is designed to suit the physical
abilities of the species being tested. It should also be noted that,
when exploring sources of variation in cognitive testing, the test
itself could be a contributing factor. One example of this is

side preference, which can develop in T-maze or Y-maze study
designs, as shown in a variety of species including sheep (103),
rats (104), and cows (105). In these cases, the learning outcomes
of the task can be overshadowed by the animal’s preference to
occupy one side of the maze. Furthermore, farm animals often
have not had an extensive period of regular positive contacts with
humans, as may be the case for companion animals. Therefore, in
order to conduct cognitive testing in these animals, habituation
to the test set-up will be required to ensure that the responses
measured are task specific and not affected by fear of either the
experimenters or the testing situation. Regardless of the cognitive
task employed, determining which factors are causing individual
variation in cognition requires distinguishing between direct
causal relationships and correlations.

FACTORS CONTRIBUTING TO INDIVIDUAL
VARIATION IN COGNITIVE PERFORMANCE

Cognition and behavior are hierarchically organized and
continuously interacting with endogenous (e.g., life stage) and
exogeneous (e.g., the behavior of conspecifics, developmental
environments) factors. This likely results in correlations between
many different cognitive and behavioral variables [referred to
as the “crud factor” in human psychology; (106)], as well as
their significant associations with endogenous and exogenous
variables, but these do not necessarily reflect direct causal
relationships. As such, we interpret the “causes” of individual
variation below as factors that result in variation between
individuals who are equal in all other respects. This interpretation
of causality follows Pearl’s work (100) on distinguishing causal
from associative relationships by determining which correlations
in multivariate data disappear when all variables are conditioned
on each other, i.e., finding conditional independence relations
in the data [see (107) for an accessible review]. We also
acknowledge that individual variation can emerge simply from
the cumulative effects of unsystematic events occurring in the
environment and/or in how individuals process information,
even in genetically identical individuals [e.g., (108)]. This means
that individual variation is to be expected a priori even when no
obvious cause exists.

Development and Early Life
During prenatal and neonatal stages of growth, there is a period
of rapid brain development, including cell birth, migration,
dendritic outgrowth, programmed cell death, and synapse
production. The brain is particularly vulnerable to perturbations
during development (109) and both endogenous and exogenous
factors occurring at this time have been shown to influence
cognition in livestock animals (103, 110). Prenatal stress is
well-known to have an effect on the developing brain and
on programming of the hypothalamic-pituitary-adrenal (HPA)
axis (111–113). These effects have consequences for stress
reactivity, behavior, and cognition in offspring that can continue
throughout life (114). For example, ewes exposed to stressful
situations during late pregnancy produced lambs that showed
increased levels of fear and a decreased ability to navigate a
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TABLE 1 | An overview of cognitive tests that have previously been used in farmed species and the type of cognitive ability they assess.

Cognitive ability Task References

Spatial cognition Learning distribution/position of baited locations Sheep: (5, 6);

Cattle: (7, 8);

Chickens: (9–11);

Fish: (12)

Parallel arm maze Cattle: (13);

Fish: (14)

Radial arm maze Pigs: (15, 16);

Chickens: (17, 18)

Spatial maze with zones Sheep: (19–21);

Pigs: (22)

Cattle: (23–25);

Fish: (26, 27)

T-maze Cattle: (28);

Chickens: (17, 29);

Fish: (30, 31)

Y-maze Chicken: (17);

Sheep: (32);

Cattle: (33)

Rotating enclosure Chickens: (34, 35)

Memory Holeboard spatial discrimination Pigs: (36–39);

Chickens: (29)

Object recognition Pigs: (40)

Delayed match to sample Chickens: (41)

Devaluation foraging technique Chickens: (42, 43);

Delayed search task Chickens: (44, 45)

Two step foraging task Goats: (46)

Social cognition Foraging arena task Pigs: (47, 48)

Follow knowledgeable individual Pigs: (49)

Mirror task Pigs: (50, 51)

Sheep: (52)

Y-maze Pigs: (53–55);

Sheep: (56, 57);

Chickens: (58, 59);

Cattle: (60)

Social recognition test Pigs: (61)

Social recognition based on visual/olfactory cues–operant tasks Chickens: (62);

Cattle: (63, 64);

Sheep: (65);

Chickens: (59)

Choice test Fish: (66)

Social learning Distance to aversive/gentle handler Cattle: (67)

Operant task Cattle: (68)

Food choice test Pigs: (69);

Chickens: (70)

Object choice test Goats: (71)

T-maze Goats: (72)

Detour task Goats: (73)

Inferential reasoning Preferential looking paradigm choice test Goats: (74)

Object choice task Goats, pigs: (75–77)

Discrimination learning Image discrimination (visual discrimination) Pigs, Goats: (55, 78, 79)

Acoustic discrimination Pigs: (80)

Social discrimination (visual discrimination) Sheep: (81)

Object permanence Hidden reward object Pigs, Goats: (82, 83)

Perseveration error Goats: (83)

(Continued)
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TABLE 1 | Continued

Cognitive ability Task References

Classical conditioning Clicker training Cattle: (84)

Eye blink response conditioning Sheep: (85, 86)

Trained to approach feed source with audio cues Cattle: (87)

Trace classical conditioning Chickens: (88)

Classical conditioning using light to signal arrival of food. Fish: (89)

Delay conditioning regime Fish: (90)

Operant conditioning Trained to approach feed source with audio cues Cattle: (87, 91)

Social contact motivation task Cattle: (92)

Nose wheel feeding task Pigs: (93)

Trained to urinate in a specific location Cattle: (94)

Numerical understanding Free-choice tests Chickens: (95)

Identification of trained rank-order target locations among identical alternatives Chickens: (96)

maze, suggesting decreased spatial and working memory (21).
Similarly, domestic chicks that experienced hypoxic conditions
for 24 h during embryonic development had poorer performance
in a bead discrimination task designed to test memory (115).

A further factor relating to development and cognition is an
animal’s origin litter. For example, Hernandez et al. (116) found
that lambs from twins were more likely to change side preference
in a two-armed maze test in comparison to singleton born lambs.
The environment and experiences that an individual is subjected
to during their developmental period are also influential. Calves
fed using an enriched feedingmethod (instead of standard bucket
feeding) showed decreased reactivity to novelty and, although
initially they took longer to locate a reward, performed better in
the reversal stage of a T-maze task (28).

Age and timing of weaning can also have implications for
cognition and behavior. In livestock species, weaning often
also involves separation from the mother, littermates and
mixing into large groups of unfamiliar conspecifics in a new
environment (117, 118). Weaning at earlier or later ages than
the industry standard has been shown to influence stress (119)
and behavior (120–123). Early weaning and material deprivation
can significantly affect the brain and consequently cognition.
For example, piglets that were weaned early at 10 days of age
had decreased gene expression in the hippocampus (124). In
other species, maternal deprivation can increase cell death in the
brains of young rats (125) and can reduce neurogenesis in mice
(126). Overall, these different life-stage factors can all influence
cognitive function within an individual.

Sex
Of all the factors considered here that may influence cognition,
sex is perhaps one of the most evolutionarily well-conserved
(127). In cognitive testing of farmed species, there has not been
the same drive to detect sex-related effects as there has been
in clinical trials on laboratory animals, so observed differences
between sexes are typically reported incidentally rather than
explicitly investigated. For example, Erhard et al. (103) found
that male sheep required fewer runs to learn and solve a reversal-
learning task than females at 18 months old. Conversely, another
study with a similarmaze design found female sheepwere quicker

to learn and solve a reversal-learning task than males at 4 months
of age (116). However, this finding was not present by 18 months
and, as the authors suggest, may only have reflected differing
maturation rates of male and female animals.

Although sex has rarely been explicitly tested in farm animal
cognition studies, statistically significant differences have been
identified between the sexes for many biological parameters in
clinical trials. Of particular note for this review are the studies
that have identified sex differences in stress-related psychiatric
disorders, such as depression, generalized anxiety disorder, acute
and chronic post-traumatic stress disorder, with a higher risk
of development in females than in males (128–131). Stress-
related disorders are linked closely with cognitive alterations, and
differing levels of performance in learning and memory tests
in particular. For example, exposure to an acute or repeated
stressful event is associated with enhanced learning in a classical
conditioning task in male rats, but impaired performance in
females (132); though this is only the case in adult females
with mature oestrous cycles (133). By contrast, the opposite
effect has been found in spatial learning and memory tasks,
where acute stress exposure impairs males’ performance in a Y
maze, but enhances female rats’ performances regardless of their
oestrous cycle (134). Similar effects have been shown in another
memory test, theMorris water maze test (135, 136). Even without
the stress exposure, there are clear male advantages in spatial
working and reference memory in rats that transcend strain,
age, environment, and testing protocol differences. However,
mouse studies have found a different pattern—that females
have an advantage in water maze tests, but males have a small
advantage in radial maze tests (137). Of relevance to the cognitive
bias testing paradigm, risk seeking behavior in humans tested
using a computerized balloon analog risk task, showed clear
sex differences. Following exposure to an acute stressor, risk
avoidance increased in females but risk seeking increased in
males (138).

One consideration with the measurement of sex differences
is that it is typically included as a binary variable and used as
a simple to measure, catch-all, umbrella indicator for what is
in reality a host of non-discrete, underlying interacting complex
systems. As suggested by Maney (139), sex should be viewed as
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a proxy for as-yet unknown factors that co-vary with it, such as
hormonal differences, sex-linked genetics, or experience. Testing
simply for the existence of a difference between the sexes may
mask distributional differences in co-varying variables, resulting
in false negative outcomes; as such, it may be more informative to
consider the extent to which the sexes differ, rather than whether
or not a significant difference exists.

Breed
The genetic composition of different livestock breeds has the
potential to influence temperament, behavior, and cognition.
The differences in cognitive task performance between different
breeds may be due to factors that are not directly attributable to
cognitive abilities per se. For example, temperament differences
between breedsmay alter the likelihood of an individual engaging
with the task and/or influence their opportunities to be exposed
to the stimulus (98). A study by Nordquist et al. (29) compared
the responses of chickens breed for low mortality and a control
breed/line in multiple cognitive tests, including the holeboard
task and T-maze. Overall, chickens breed specifically for low
mortality displayed lower levels of fearfulness than the control
individuals. McBride et al. (52) found that Welsh mountain
sheep spent more time looking and touching their self-image in
a mirror than two other breeds of sheep. The authors suggest
this may have been due to breed differences in exploration and
social tendencies (52). Veissier et al. (68) found breed differences
in an observational learning task in female cattle, with more
Limousin heifers learning the task than Aubrac heifers in the
same experiment. The difference in task success between the two
groups appeared to be due to differences in fearfulness between
the breeds, with Aubrac heifers spending more time trying to
escape the experimental room, rather than engaging with the
task. Kendrick et al. (57) found Dalesbred and Clun forest sheep
differed in their performance on a vocal discrimination task. In
this case, the authors suggested that this could be due to the
differing habitats of the breeds. Hill sheep have better abilities in
vocal discrimination tasks, possibly due to being more dispersed
in their natural habitat than lowland sheep, thus requiring more
reliance on the use of vocalization to discriminate individuals
when widely dispersed.

Many studies investigating cognitive performance standardize
for breed differences by using just a single breed. As such,
there are relatively few studies that directly compare across
breeds. Perhaps also due to publication bias, it is possible that
such studies have been conducted but no significant results
found, leaving few published studies with an absence of breed
differences to draw upon as examples. One example of such
a lack of difference is in Murphy et al. (140), who compared
Göttingen miniature pigs and standard commercial breed pigs in
a judgment bias task and found no difference in their abilities to
discriminate between auditory cues associated with positive and
negative outcomes.

At this time, it is not possible to draw firm conclusions about
the role of breed in cognitive performance, simply because there
have been so few studies published where this has been directly
compared between breeds. However, drawing from the studies
that have found a breed-related association with performance,

the results suggest that cognition is influenced by an animal’s
evolutionary, ecological and developmental environment (102).

Personality
Animal personality is defined as moderately consistent
individual differences in behavior across time and contexts
(98, 141). A number of terms have been used to capture
individuals’ consistent patterns of behavioral, physiological
and/or neuroendocrine profiles, including coping styles and
behavioral syndromes. Personality research has traditionally
focused on traits such as exploration, boldness, activity levels,
sociability and aggressiveness (142). While moderately stable
across time and contexts, personality also interacts with
behavioral plasticity and predictability [i.e., within-individual
change (143)].

Two common categorizations of personality types or coping
styles are proactive and reactive. Proactive individuals are bolder
and more exploratory than reactive individuals, allowing them to
learn quickly in new situations but become relatively inflexible
when previously learned rules change (144). By contrast,
reactive individuals demonstrate greater behavioral flexibility
than proactive individuals. A predominant hypothesis about the
relationship between personality and cognition is that proactive
individuals prioritize speed over accuracy in decision making
(145). For instance, Nawroth et al. (79) report that goats scoring
higher for exploration and sociability (consistent with proactive
personality types) performed worse in tasks of object permanence
and visual discrimination. Reactive laying hens also learned to
associate a color-cue with a reward better than proactive hens
(146). In fish, White et al. (27) found a negative correlation
between boldness and learning to use cues to find hidden food in
brook trout. Bensky et al. (147) report that bolder three-spined
sticklebacks were quicker to learn a color discrimination task
than shyer individuals, although no evidence was found for shyer
individuals to perform better when the task was altered.

Griffin et al. (97) note that discerning robust relationships
between an individual’s personality and cognitive style will
require tests of both cognitive abilities and personality traits to
allow the full array of competing alternative hypotheses to be
tested. This may lead to a multi-method multi-trait approach
across both personality and cognition tests (148) to ensure the
validity and robustness of relationships between personality and
cognitive measurements.

Mood
Affective state and cognition are deeply intertwined, with
cognition influencing affective state and affective state in turn
influencing cognitive processes (149). Affective state can be
categorized into emotion and mood. Emotions are short-lived
mental states that arise in response to rewarding or punishing
stimuli (150). Emotions change rapidly and contribute to within
individual variability in test performance (151). Moods, on the
other hand, are longer-term mental states that are not tied to
a specific stimulus and are thought to be the result of the
accumulation of affective experiences in the mid- to longer-term
past (152, 153). Moods are more specific to the individual and
may contribute to between individual variability on cognitive
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tasks. Mood can also interact with personality to affect cognitive
processes. For example, more reactive individuals in a negative
mood judge novel information more negatively than reactive
individuals in a positive mood, whilst proactive individuals’
mood did not affect their judgements (154).

Mood affects information processing by altering response
thresholds to stimuli (152). This has most commonly been
evaluated in situations of ambiguity and is linked to risk taking.
In particular, the cognitive bias test has been widely applied with
farm animals to investigate the effect ofmood on decisionmaking
under ambiguity [for a review see Baciadonna and McElligott
(155)]. These tests have been devised to assess emotional state
rather than cognition, and thus they cannot directly answer
questions on the effect of mood on cognition. In addition, the
question of how emotion may affect other cognitive processes,
such as social learning, spatial cognition, or workingmemory, has
not been assessed in farm animals to our knowledge. Affective
states influence a wide range of cognitive processes in humans,
such as self-regulation, information processing and decision
making [e.g., see Martin and Clore (156)]. This suggests that
mood may also be a source of within-individual variation in
performance in animals, in tests measuring cognitive abilities
other than those involved in risk taking. However, it is difficult to
disentangle the effects of the specific test set-up from the effects
of mood alone. Such as in tests of visual discrimination of faces,
an animal’s ability may be affected by how aversive they find
the stimulus, which in turn impacts their ability to attend to
the stimulus for long enough to complete the task. For example,
horses spent less time looking at agonistic conspecific faces than
neutral or positive conspecific faces (157). Whilst Lee et al. (158)
showed that less anxious sheep spent less time attending to a
threat stimulus than anxious sheep. Thus, if mood affects how
aversive a stimulus is to attend to, this could affect performance
on cognitive tasks requiring a certain level of attention toward
specific stimuli.

Both genetic predisposition and environmental factors cause
variation in mood. Whilst the former can be partially controlled
for by using individuals of the same breed and genetic line,
controlling for the environment can be less reliable due to the
stochastic nature of life. In addition, genetic × environment
interactions can lead to further variability at the individual level
(108). To complicate matters further, we do not completely
understand howmood is generated, and thus cannot fully control
for it in cognition studies. Eldar et al. (159) proposed the theory
that mood is the cumulative result of differences in expectations
and the obtained outcomes of recent experiences. Raoult et al.
(151) did not find strong evidence for this theory in their review
of 95 papers on cognitive bias and manipulations used to affect
mood. However, further research is required with more precise
and overt tests of the predictions from this theory, as the studies
reviewed did not have the original aim of testing Eldar’s theory.
Future cognitive studies could also benefit from assessing mood
alongside the specific cognition test in which they are interested,
as this would provide valuable information on the contribution of
differences in mood to the variability found in tests of cognitive
abilities.

Motivation
In order that an animal completes a cognitive task, it must
be motivated to engage and perform. Levels of motivation can
differ both within and between individuals as a result of multiple
factors: the reward type and timing, protocols used to induce
motivation, and the inherent value of completing the task, all of
which may be influenced by previous experience.

If correct trials are to be reinforced, the first consideration
is the researcher’s choice of reward. In farmed species, common
rewards include access to food or conspecifics. When using food,
providing a reward distinct from that of an animal’s standard
feed may increase motivation for some individuals and decrease
it for others, dependent on individual preferences. For some
non-livestock animals, it has been shown that using a preferred
reward can increase motivation (160–162) but that preferences
change over time [e.g., orangutans: Clay et al. (163)]. Therefore,
depending on the length of the testing period, variation in
task performance may reflect changes in an individual’s reward
preference.

When using appetitive rewards, the levels of pre-task satiety
can influence the animal’s willingness to participate. To induce
motivation, animals may be food restricted prior to testing, such
that access to food becomes more appealing. Blanket protocols
are often applied across a study group (e.g., restrict test subjects
to 70% of ad libitum intake or provide a set volume of food). It
cannot be expected that each animal will respond equally to a
fixed restriction, resulting in variability in levels of motivation
and thus in perceived cognitive ability. If restrictions are not
staggered, the first animal to be tested may be less motivated than
the final individual, given the difference in total restriction time.
Similarly, in cases where restriction protocols are not applied, the
time since last feeding may also impact any appetitively rewarded
trials. A final consideration is fluctuations in motivation over the
course of a testing session. If a session requires many iterations of
a task, the reward value may depreciate and, subsequently, trials
carried out at the beginning of testing may not be comparable to
those performed at the end.

As an alternative to food rewards, some social species may
be rewarded socially by providing access to conspecifics—
for example fish (30) and sheep (20) in maze-based tasks.
Introducing conspecifics may mitigate some of the confounding
factors of using appetitive rewards, but social reinforcers bring
complications of their own. For example, motivation to gain
access to a conspecific may be partially affected by social rank,
as has been shown in non-human primates (164). Levels of
motivation may also be influenced by the degree of contact
offered as a reinforcer; calves were more motivated to perform an
operant conditioning task for full contact with a conspecific, than
for only contact with the head (92). Given that livestock animals
can have preferences for certain group mates or familiar animals
[e.g., cows: (165); sheep: (166, 167)] the identity of the “reward
animal” is also of importance. Rewarding with a preferred or
non-preferred individual could alter the perceived outcomes of
the task. Interestingly, social interactions can also impact on
the motivation to work for food rewards. Pedersen et al. (168)
demonstrated that isolating a pig from its pen mate decreased the
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value of a food reward, highlighting the impact of social context
on cognitive trial outcomes.

The type of task and the animal’s perception of it may
also influence motivation. Some tasks may have an inherent
motivational value, regardless of any reward received for
completion of a correct trial. For example, de Jonge et al. (169)
found evidence of contra-freeloading in domestic pigs, meaning
that the pigs preferred to work for food despite identical food
being freely available. However, such a task may be cognitively
stimulating to one animal, but not to another. It is also possible
that motivation to perform may depend on living conditions. If a
task is novel or enriching, an individual from a complex, enriched
home environment may not find the task as rewarding as would
an individual from a less stimulating home environment.

In all of the above examples, the researcher risks measuring
motivation to engage with the task, rather than judging the
cognitive ability of an individual. This confound is perhaps most
important to consider when using latency to give a correct
response as a measure of cognition, e.g., in maze completion.

Diet
Diet and access to food can influence cognitive function, for
example feed restriction, which is known to impact on learning
and some aspects of memory in rodents (170, 171). Feed
restriction during gestation, even for a short period of time,
can have lasting effects on behavior and cognition in offspring.
A study by Erhard et al. (103) investigated the impact of
temporary feed restriction during early gestation in Scottish
Blackface sheep. For this study, a control group was compared
with a treatment group whose mothers had their feed intake
reduced by 50% for the first 95 days of gestation. Although there
was no difference in the average birth weight of the control
and the treatment groups, lambs that experienced prenatal feed
restriction were more active than control animals in novel object,
social isolation, physical restraint, and suddenness tests. This
increase in emotional reactivity also affected performance in
cognitive tasks with prenatal feed restricted individuals less likely
to learn the first reversal task in the T-maze if they had high
levels of locomotion during social isolation and novel object
tests. Similarly, there is evidence that the early life diet of an
individual can influence cognitive performance, which, as shown
by some studies, has the potential to last into adulthood (39,
172). For example, Rytych et al. (173) found that severely iron
deficient piglets could not acquire a spatial T-maze task. Similarly
Antonides et al. (174) found that iron deficient piglets had
reduced reference memory in a holeboard task in comparison to
non-iron deficient piglets.

The nutritional content of feed and the time period of
exposure can have a significant impact upon cognitive function.
In the context of biomedical research, several cognition studies
have been conducted using pigs to investigate the effect of the
“Western”-style diet, comprising high energy, high fat, and high
sugar levels. Both Val-Laillet et al. (175) and Clouard et al. (176)
found that prenatal exposure to a “Western”-style diet improved
both working and reference memory in piglets, in comparison
to piglets on a standard diet. However, there was no effect
on cognitive function in piglets fed this diet during the early

postnatal period with no previous exposure during gestation
(176). Although this diet is typically not applicable for livestock,
it highlights the influence that nutrition can have. However,
other dietary constituents in the mother’s diet during gestation
and lactation can impact upon offspring cognition. Examples of
these include sialic acid which improved learning and memory
(177, 178) whilst iron which was shown to impair reference
memory in piglets (173).

Diet will inevitably vary between life stages, however it is
worth noting that this can be a cause of cognitive variation,
especially when comparing results between two studies of
the same species. In addition, diet directly impacts the gut
microbiome, which is also closely linked to the brain and
cognitive function.

Gut Microbiome
The gut is inhabited by trillions of microbes (the microbiota) and
the term “gut microbiome” refers to their genetic material and
capabilities. Microbiomics is a rapidly developing field, as interest
in the broader effects of diet continues to grow. For example, a
search of the literature published over the last 10 years shows an
increase from 16 papers in 2007 to 2,210 papers in 2017 using the
search term “gut microbiome” (Web of Science). It is outside of
the scope of this review to fully evaluate the links between the gut
and brain, but some relevant ideas are discussed in this section.

The gut microbiome and the brain communicate
bidirectionally via multiple suggested mechanisms, known
collectively as themicrobiome-gut-brain axis [see comprehensive
reviews from Mayer (179) and Galland (180)]. These lines of
communication substantiate the idea that the gut may influence
cognitive function. Many studies of the microbiome-gut-brain
axis and its relationship to cognition have focused on the
context of aging, disease and/or neurodisability. For example,
some researchers use cognitive function to measure the efficacy
of an intervention or as an indicator of the neurological
impairments associated with, for example, Alzheimer’s (181),
diabetes (182), and autism (183). Although these studies are
not directly comparable to livestock, they give an indication
of how differences in the gut microbiome, caused by illness or
physiological disruption, may lead to variability in cognitive
function.

In addition to disease syndromes, disruption of the gut
microbiome is linked with stress [e.g., Bailey et al. (184);
O’Mahony et al. (185); Jašarević et al. (186)], and stress
has known impacts on cognition (187). It may therefore be
considered that an animal suffering stress could perform poorly
in a cognitive task, either as a direct neurological consequence
of the stress, or via changes in the composition of the gut
microbiota. Indeed, Weinstock (188) showed that male mice
exposed to prenatal stress showed signs of cognitive deficits—this
was attributed in part to the mother’s vaginal microbiome, which
in turn influences the offspring’s gut microbiome (186, 189).

The complex relationships between gut health, diet, stress,
illness, and cognition are further complicated by the fact that
the gut microbiome does not remain stable throughout life
and can be influenced by a variety of factors including birth
conditions, diet, environment, disease and aging (190–192).
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These multi-level interactions make it difficult to suggest that
variability in livestock cognitive performance could be attributed
to the microbiome, but it is nevertheless something important to
consider as part of a wider system.

ACCOUNTING FOR INDIVIDUAL
VARIATION

Accounting for individual variation in cognition is important in
farmed animal species, and applied ethology in general, because
we are often interested in how individuals experience their
environment, not just a population. Aggregating and analysing
data across individuals can lead to misleading conclusions when
the goal is to understand individual-level processes. For example,
not accounting for within-individual variation in cognitive
change risks committing an ecological fallacy (193). That is,
incorrectly inferring the form of within-individual processes
(e.g., the relationship between stress and cognitive ability)
from results pertaining to group-level, aggregated patterns of
change. Extreme cases may lead to Simpson’s paradox, where
the relationships between variables at an aggregate level are
the reverse of those relationships at lower levels of scale. In
animal welfare science, evidence suggests that most behavioral
variation is explained by individual variation rather than by
higher-level factors such as groups or pens [e.g., chickens: (194)],
so appropriately incorporating individual variation is key.

Animal cognition studies often record repeatedmeasurements
on individuals, which are then used to quantify summary
measures of cognitive performance, such as the number of trials
needed to learn a task or the average probability of responding
correctly. However, this often precludes estimating between- and
within-individual variation as a result of data aggregation across
repeated measurements. In addition, when the goal is to quantify
the relationship between individual variation in cognition, and
endogenous and exogenous factors (such as those discussed
above), researchers may be motivated to conduct a number of
separate statistical analyses. Yet, conducting multiple analyses
on the same data set can lead to increased chances of false
positives. This is further complicated by the low sample size of
animal cognition studies (195), which are not only at increased
risk of Type II errors (i.e., not enough signal to reject the null
hypothesis), but also Type I errors (i.e., incorrectly rejecting the
null hypothesis), and errors of sign and magnitude (196). For
example, a significant p-value in a small sample size study should
not be taken as evidence of a robust effect (197).

Accounting for individual variation may further improve the
reproducibility of studies. In recent years, the reproducibility
of scientific findings has received increasing scrutiny, most
notably in the psychological sciences (197) but also in a number
of other areas [e.g., cancer biology; (198); economics: (199);
artificial intelligence: (200)]. Conditions for irreproducibility
include studies with low sample sizes and small true effect sizes
for the relationships being investigated, along with questionable
research practices such as data dredging or p-hacking (running
analyses multiple times until a significant p-value is found)
and poor research incentives (201). Studies of farmed animal
cognition may also be at risk of irreproducibility due the

small number of animals used, especially when potentially
large systematic individual variation in cognitive performance
is not accounted for, making across-study results inconsistent.
Indeed, Voelkl and Wurbel (202) argue that a key condition
for irreproducibility in pharmacological studies could be the
lack of appropriate estimates of phenotypic variation, and argue
that greater attention should be paid to quantifying phenotypic
reaction norms.

In this section, we highlight how multilevel models can
be used to investigate individual variation across repeated
measurements. While multilevel models are neither the only
approach for measuring variation nor particularly new (203),
their use is increasingly encouraged as the state-of-the-art
approach in accounting for variation across distinct clusters
(e.g., individuals) in a range of disciplines [e.g., animal
welfare: (204); ecology: (205); human evolutionary ecology:
(206); psychology: (207); health: (208)]. This includes analysing
individual variation in behavior (e.g., personality) and reaction
norms in behavioral ecology (209), and individual variation
in human cognition (210). Adopting multilevel models for
assessing individual variation in cognition in farmed animals
is a natural extension. Below, and in the Supplementary
Materials (available on Github: https://github.com/ConorGoold/
Bushby-et-al-individual-variation-cognition), we demonstrate
how multilevel models may be applied to explore facets of
individual variation in animal cognition.

Multilevel Models
Multilevel models extend the general linear model framework
to account for variation across different groups or clusters, such
as repeated measurements on individuals. Specifically, deviations
for each clustering unit are estimated from the population-level
intercept, slope and/or residual standard deviation parameters
(known as “random effects”). These deviations are constrained
by their own (usually normal) distribution, which improves the
predictive ability of these models compared to non-multilevel
models through the effects of partial-pooling (203). The
deviations represent the amount of individual variation, which
in turn can be predicted by a number of “cluster-level” predictor
variables. For example, in studies of behavior, variation among
individuals in the intercept parameter is used to operationally
define animal personality, variation among individuals in the
slope parameter across an environmental gradient defines
behavioral plasticity, and variation among individuals in the
residual variation captures behavioral predictability. Together,
the analysis of these sources of variation is referred to behavioral
reaction norms (211, 212). Variation in these parameters can, in
turn, be predicted by individual-level predictor variables such
as sex, age, or life stage. Behavioral repeatability is calculated
using the intraclass correlation coefficient: the random intercept
variance divided by the total model variance (213).

As an example case, imagine a reversal learning task, where
we first teach individuals an initial contingency and then reverse
this contingency to assess cognitive flexibility. The data are a
series of binary (0/1 values, i.e., Bernoulli distributed) trials
for each individual indicating whether they completed the
task on each trial correctly or incorrectly. We may also be
interested in whether individual variation is affected by some
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FIGURE 1 | Model results from a hypothetical study of individual variation in cognition. Dark black lines and gray areas show the population-average probability and its

89% credible interval of choosing a correct answer across trials in an initial learning task (A), and reversal learning task (B). Blue lines show estimates for each

individual (n = 100), for which variance parameters and individual predictions can be directly compared.

independent variable, such as personality type (e.g., reactive or
proactive), diet (e.g., Western vs. non-Western diet) or sex.
To compare the different groups, one option is to summarize
the data for each individual by the difference in the number
of trials taken to learn the initial and reversal contingencies,
and estimate the relationship between this summary measure
and group (e.g., using an independent samples t-test). However,
this analysis has a number of drawbacks. Firstly, it cannot
distinguish between- from within-individual variation. Secondly,
it splits the data analysis into multiple stages that may limit
reproducibility (Gelman and Loken, unpublished manuscript).
Thirdly, it requires defining a potentially arbitrary criterion
to decide whether the task was learned by each individual,
which could lead to throwing out data for those individuals not
matching that criterion. For instance, only 29 out of 64 sheep
in Erhard et al. (103) met the required learning criterion in
a reversal learning T-maze task, meaning subsequent analyses
were conducted on varying numbers of individuals while other
data was dropped from the analysis. van Horik et al. (214) also
discuss selection biases in participation rates of cognitive tests in
pheasant chicks, which were dependent on sex, personality and
body condition.

Figure 1 presents the results of a (Bayesian) multilevel
logistic or Bernoulli regression model for our hypothetical
example study. For those unaccustomed with fitting multilevel
models, a formal description of this analysis is presented in
the Supplementary Materials (available on Github: https://
github.com/ConorGoold/Bushby-et-al-individual-variation-
cognition), including an R script file for simulating the data,
running the analyses (both Bayesian and frequentist approaches),
and producing the figures. In Figures 1A,B, the black lines
indicate the population average change in the probability of
a correct choice, the gray shaded region illustrates the 89%
Bayesian credible interval around the population average (i.e.,
the 89% most likely parameter values), and the thinner blue lines
demonstrate the individual-level regression lines (the posterior
means) for each individual (n = 100). Figure 1A demonstrates

the probability correct across trials in the initial task and
(Figure 1B) the probability correct across trials in the reversal
task, with the average probability and the rate of learning being
lower in the reversal task across individuals. As can be seen from
the dispersion of the blue regression lines, there is individual
variation in the parameters (both average probabilities and the
rate of learning across trials). In the reversal learning task, some
individuals’ probabilities of responding correctly become worse
across trials, despite the population-average slope being positive.
From this model, the variance of the different random effect
parameters can be extracted and compared directly using the
Bayesian posterior distribution. Coefficients describing the linear
relationship between individual-level predictor variables and
individual variation in learning rates (see the Supplementary
Material for further examples on Github: https://github.com/
ConorGoold/Bushby-et-al-individual-variation-cognition), can
also be investigated.

Multilevel models are flexible tools for a range of data
types, including unbalanced designs and more complicated cases
with multiple dependent variables, such as multilevel structural
equation models or multilevel network models [e.g., (215)].
Practically, it is recommended to have at least 100 individuals to
accurately estimate individual variation (216), although estimates
of cluster-level variation in Bayesian multilevel models tend to be
more accurate in small sample data sets than frequentist models
using maximum likelihood estimation. In addition, an advantage
of Bayesian estimation is that we can estimate the uncertainty
(via Bayesian credible intervals) in cluster-level parameters (e.g.,
individual-level predictions), meaning estimates from smaller
sample sizes may just be more uncertain rather than inaccurate.
Fortunately, as demonstrated in the Supplementary Material
(available on Github: https://github.com/ConorGoold/Bushby-
et-al-individual-variation-cognition), fitting Bayesian models is
becoming just as easy as frequentist models in common statistical
software.

Finally, statistically accounting for individual variation is
just one component needed to ensure reproducibility of
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scientific findings. Due to ethical and practical limitations,
simply obtaining larger sample sizes in farmed animal cognition
studies may not be realistic. Instead, researchers should consider
pre-registering their studies to limit questionable (but often
unconscious) research practices such as data dredging. Moreover,
replication experiments and cross-lab collaboration efforts could
help to confirm key hypotheses in the field [e.g., (217)] and make
use of a larger number of subjects without increasing the sample
size per study unnecessarily.

CONCLUSION

We have reviewed factors causing within- and between-
individual variation in cognitive testing of farmed animal species

and demonstrated how to account for individual variation using
multilevel models. We emphasize the importance of taking into
consideration other factors that could cause variation and the

importance for accounting for individual variation to ensure the
reproducibility of farm animal cognition and cognition studies in
general.
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In commercial pig farming, an increasing number of low birth weight (LBW) piglets are

born, due to selection for large litter sizes. While LBW piglets have a higher risk of

pre-weaning mortality, a considerable number of these piglets survive to slaughter age.

In humans, LBW is a risk factor for long-term cognitive impairments. In pigs, studies

examining the post-weaning effects of LBW on cognition have reported contradictory

results. Therefore, the current study aimed to assess the effects of LBW on cognitive

development in pigs using an improved study design, by (1) testing a larger sample size

than previous studies, (2) assessing acute and chronic stress responses to account for

a potential altered stress response in LBW pigs, and (3) testing both female and male

pigs to account for potential confounding effects of sex. Learning and memory of 20

LBW pigs and 20 normal birth weight (NBW) pigs, both groups consisting of 10 females

and 10 males, were compared using a spatial holeboard task. In this task, pigs had to

learn and remember the locations of hidden food rewards. After a pig had successfully

acquired the task, it was presented with two successive reversal phases during which

it was presented with a new configuration of reward locations. The holeboard allows

for simultaneous assessment of working and reference memory, as well as measures

of motivation, exploration, and behavioral flexibility. Mixed model ANOVAs revealed a

transiently impaired reference memory performance of LBW pigs, implying they hadmore

difficulty learning their reward configuration in the holeboard. Also, LBW piglets showed

increased pre-weaning hair cortisol concentrations compared to their NBW siblings.

No other effects of LBW were found. Sex had no direct or interaction effects on any

measures of holeboard performance or stress. It is possible that the enriched housing

conditions applied during our study had an ameliorating effect on our pigs’ cognitive

development. Overall, our results suggest LBW has a negative effect on post-weaning

cognitive performance in pigs. This could have welfare consequences as cognitive skills

are required for pigs to learn how to correctly respond to their environment.
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INTRODUCTION

Piglets born with low birth weight (LBW) are an increasingly
common occurrence on commercial pig farms. This is a result of
selection for increased sow fecundity, leading to larger litters.
With increasing litter size, sows may be unable to provide
sufficient nutrients and oxygen for the optimal development of
all fetuses (1, 2). This explains the more frequent occurrence of
LBW piglets in larger litters (3). Besides a sub-optimal prenatal
development, LBW piglets also have a higher risk of pre-weaning
mortality (4). While this results in a relatively higher number
of LBW piglets dying during the farrowing stage compared
to piglets with normal birth weight (NBW), there is still a
considerable number of LBW piglets surviving to slaughter age
at∼6 months old (5).

The sub-optimal development of LBW offspring has been
associated with postnatal cognitive impairments in a variety of
species. In humans, LBW has been linked to learning difficulties
throughout adolescence (6, 7). Impaired cognitive development
associated with LBW has also been studied in a variety of animal
models, most frequently in rats and sheep [although contrary
to pigs and humans, LBW has to be experimentally induced
in these models—(8)]. For example, LBW has been linked to
spatial memory deficits in rats (9). Together, these findings
suggest that LBW could have a long-term impact on cognitive
functioning. Pigs’ prenatal brain development has similarities to
humans’, including a period of rapid brain growth in utero (10).
It is possible that the cognitive impairments resulting from a
sub-optimal intra-uterine environment are also comparable.

Understanding whether LBW also causes a long-term
impairment of cognitive functioning in pigs is crucial, as
such an impairment may influence their abilities to cope with
housing and rearing conditions. Pigs are presented with multiple
challenges to their learning and memory abilities in the common
conditions of a commercial farm (11). For example, piglets
have to learn how to acquire food from a feeder after being
weaned (12), be able to recognize conspecifics and remember the
organization of the dominance hierarchy to avoid unnecessary
aggression (13, 14) and if available, be able to successfully interact
with cognitive enrichment (15). Pigs need to be able to learn
and remember how to interact with their environment, creating
predictability, and controllability, which have been shown to
reduce stress (16).

Studies examining the effects of LBW on cognitive
development in pigs have produced contradictory results.
A study comparing pre-weaning spatial learning abilities of LBW
and NBW piglets found LBW to be associated with the expected
impaired performance (17). After weaning, one study found
LBW to be associated with the predicted cognitive impairments,
with LBW pigs showing impaired reversal learning in a spatial
learning task compared to NBWpigs (18). Other studies reported
a comparable performance of LBW and NBW pigs, finding no
effects of LBW on spatial learning ability (19) or associative
learning (20, 21). There has also been a report of improved
cognitive performance in LBW pigs, with LBW being associated
with improved spatial learning (22). Together, these studies do
not provide a consensus on the long-term impact of LBW on the

cognitive development of pigs. Rather, they show the need for
further replication of cognitive studies with LBW pigs, applying
methodological improvements to increase the quality of results.

None of the studies assessing the long-term effects of LBW
on cognitive development took a potential effect of their study
subjects’ sex into account. Although it is unlikely that sex in
itself has an influence on baseline cognitive performance in pigs
(23), it is possible that females and males perform differently
under the influence of stress. For example, spatial learning and
memory is typically impaired as a consequence of chronic stress
(24). Such negative effects of chronic stress appear to be more
prominent for males than females (25). The opposite has been
found for acute stress, which causes a more detrimental effect
on females’ cognitive performance (26). Possible sex-dependent
effects of stress are relevant when assessing cognition in LBW
animals, as LBW may lead to altered functioning of the HPA-
axis. For example, LBW piglets show increased plasma cortisol
concentrations throughout the first week after birth (27, 28), and
show an exaggerated cortisol response to a physiological stressor
(administration of insulin or ACTH) at 3 months of age (29).
Together, these results suggest that stressors may have a more
detrimental effect on pigs with LBW. Considering that females
and males may be differentially affected by such stressors, taking
both sex of the study subjects and measures of stress into account
is of importance when assessing the effects of LBW on cognition.

A suitable task to assess the effects of LBW on learning and
memory in pigs is the spatial holeboard task. The holeboard is a
free-choice maze task consisting of an open arena in which pigs
have to learn and remember the locations of hidden food rewards
(30). Such a task is highly ecologically relevant for pigs, as it is
based on their natural foraging behavior (31). Furthermore, the
spatial holeboard allows for simultaneous assessment of multiple
behavioral variables. The most important cognitive measures
provided by the spatial holeboard are reference and working
memory. Reference memory is required for information that
remains relevant over a longer time period, such as how well a
pig remembers the locations of rewards and how many locations
contain a reward (32). Referencememory can be quantified as the
ratio between visits to rewarded and unrewarded locations (30).
Working memory is required for information that is relevant
for a shorter time span, such as which locations have already
been visited within a single training trial (33). This information
is irrelevant in subsequent trials and consequently, working
memory must be reset between trials. Working memory can be
quantified as the ratio between first visits and all visits (including
revisits) to a location (30). Besides measures of spatial learning
and memory, the holeboard can also be used to assess motivation
(by measuring latency to first visit or the time interval between
visits), exploration (by measuring which locations are visited)
and behavioral flexibility [by applying a reversal of the task—
(30)]. The spatial holeboard task has already successfully been
applied to assess spatial cognition in pigs, showing it is sensitive
enough to detect even mild cognitive impairments [e.g., (34)].

The current study aimed to assess the long-term effects of
LBW on learning and memory in pigs, as assessed by the spatial
holeboard task. Several improvements to previous studies were
applied. First, a larger sample size was included, with 20 LBW

Frontiers in Veterinary Science | www.frontiersin.org June 2018 | Volume 5 | Article 14247

https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org
https://www.frontiersin.org/journals/veterinary-science#articles


Roelofs et al. Birth Weight Affects Pig Cognition

and 20 NBW pigs being tested. This doubles the sample size used
in previous studies to assess baseline effects of birth weight on
post-weaning cognition (18, 19, 22). Second, as LBW pigs may
suffer from an altered stress response, hair and salivary cortisol
concentrations were included as measures of chronic and acute
stress, respectively. Finally, female and male pigs were tested
to account for a potential confounding effect of sex. Based on
studies assessing cognitive effects of LBW in humans (6, 7) and
earlier studies with pigs at various ages (17, 18) it was expected
that LBW would cause an impaired cognitive development in
pigs. This would result in decreased performance in the spatial
holeboard, compared to NBW pigs. Furthermore, LBW pigs were
expected to show an altered stress response, resulting in higher
basal hair cortisol concentrations compared to NBW pigs and an
exaggerated salivary cortisol increase after a stressor.

MATERIALS AND METHODS

Ethical Note
All methods that demanded the handling of live animals were
reviewed and approved by the local animal welfare body (Animal
Welfare Body Utrecht) and were conducted in accordance with
the recommendations of the EU directive 2010/63/EU.

Animals
Twenty pairs of piglets [(Yorkshire×Dutch Landrace)×Duroc]
from 15 different litters were selected from the commercial pig
breeding farm of Utrecht University, resulting in 20 LBW pigs
and 20 NBW pigs (10 pairs of females and 10 pairs of males).
Selection occurred in two separate rounds of 20 piglets (ten LBW-
NBW pairs) to ensure availability of LBW piglets. During each
selection round, all piglets born over a period of 1 week were
weighed within 24 h after birth. LBW piglets were selected based
on three criteria: (1) a minimum of 1 SD below the average birth
weight of the litter, (2) a minimum of 1 SD below the average
birth weight of the study population, yielding a maximum birth
weight of 1,050 grams, and (3) from a minimum litter size of
10 piglets. For each LBW piglet, a NBW sibling was selected
based on two criteria: (1) of the same sex as the selected LBW
piglet, and (2) a birth weight closest to the litter average. To
increase food intake and thereby survival rates of LBW piglets,
cross-fostering of non-selected siblings was applied when litter
size exceeded the sow’s number of functional teats. Additionally,
all litters were provided with milk replacer at 2–3 days of age.
One female LBW piglet and one male NBW piglet died of natural
causes during the early stages of training in the holeboard. Their
data was excluded from analysis, resulting in a final sample size
of 38 pigs. Of these, one female LBW piglet could not participate
in the second reversal phase due to lameness.

Housing
The selected pigs were weaned and moved to the research
facility (located next to the commercial farm), at ∼4 weeks of
age. They were housed in four adjacent pens (∼4 × 5m) in a
naturally ventilated building. For each selection round, LBW and
NBW pigs were housed separately. Pens had concrete floors and
contained a covered piglet nest. Each day, the pens were cleaned

and supplied with fresh straw bedding. To protect the piglets
from the cold, the nest was equipped with rubber mats on the
floor and transparent polyvinyl chloride (PVC) slats hanging in
front of the entrance. Additionally, piglet nests contained heat
lamps until the pigs were∼8 weeks old.Minimum andmaximum
temperatures were recorded daily outside the piglet nest and
ranged from 0 to 27◦C. To avoid effects of heat stress, pigs were
only tested if they voluntarily entered the holeboard apparatus.
Pigs received 1/3 of their daily food ration in the morning (prior
to testing) and the remaining 2/3 in the afternoon (after testing).
Water was provided ad libitum. Each pig had a number sprayed
on its back to facilitate individual recognition of the pigs.

Spatial Holeboard Task
Apparatus
The holeboard apparatus (manufactured by Ossendrijver B.V.,
Achterveld, The Netherlands) consisted of a square arena (5.3
× 5.3m) with a synthetic slatted floor, surrounded by synthetic
walls (80 cm high). The holes in the arena consisted of 16 food
bowls placed in a 4× 4 matrix (Figure 1), in which food rewards
could be hidden. Pigs could enter the arena to search for these
rewards via a surrounding corridor (40 cm wide), which gave
access to one of four guillotine doors (operated by a rope and
pulley system) placed in the walls surrounding the arena. By
using four different starting positions, pigs cannot rely on a fixed
search pattern to solve the task (30). Instead, pigs had to rely
on extra-maze cues (such as the position of the experimenter
outside the arena) to orient themselves inside the holeboard.
A baited hole would contain two chocolate candies (M&M’s R©

Milk Chocolate) as a reward. Each food bowl was fixed with a
false bottom, beneath which four candies were placed to avoid
providing the pigs with scent cues about the locations of the
baited holes (Figure 1). Additionally, each bowl was covered
with a synthetic red ball (JollyBall Dog Toy, ø 24 cm, 1,400 g,
Jolly Pets, Ohio, USA) to avoid visual discrimination between
baited and non-baited holes. The pigs were trained to lift the
ball off a food bowl in order to obtain the food reward. If a pig
soiled the holeboard during testing, it was rinsed immediately
to avoid the development of scent cues. Additionally, the entire
holeboard was rinsed daily. During testing, visits to holes were
automatically recorded using custom made software (SeaState5,
Delft, The Netherlands). When a ball was lifted off a food bowl,
the connection between a magnet in the ball and a sensor in the
bowl was interrupted. This signal was registered by an interface
(LabJack) and sent to a laptop. A revisit to a hole was only
recorded if a pig visited another hole in between or if 10 s passed
in between successive visits to the same hole.

Training and Testing
After the pigs were moved to the research facility, training started
by habituating the pigs to the presence of and being handled
by the researchers. The pigs were then gradually habituated to
being inside the holeboard apparatus. Initially, pigs were allowed
to explore the holeboard in groups of ten. Group size was
then gradually decreased until the pigs explored the holeboard
individually.
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FIGURE 1 | (1) Overview of the spatial holeboard apparatus. (2) Details of the food bowls (holes). Each bowl is covered with a red ball to hide visual cues. The bowls

are equipped with a false bottom covering four candies to mask odor cues. (3) The different reward configurations (A–D) used during holeboard training. Baited holes

are highlighted (illustrations: Yorrit van der Staay).

Testing trials started when all pigs were able to lift the balls off
the food bowls (at this point, pigs were ∼8 weeks old). Each pig
performed two consecutive trials daily. At the start of a trial, a pig
was let into the corridor surrounding the holeboard arena. When
it reached an open entrance into the arena (one of four entrances
was randomly chosen prior to each trial), it could freely search for
food rewards by visiting holes (i.e., lifting the ball covering a food
bowl). A trial ended when a pig managed to find all rewards or
when amaximum trial duration of 7.5min had passed, whichever
occurred first.

The holeboard experiment consisted of four consecutive
phases: habituation (four trials), acquisition (44–76 trials),
first reversal (24–44 trials) and second reversal (20 trials).
During habituation trials, all 16 holes contained a reward. This
encouraged the pigs to visit as many holes as possible during
each habituation trial. After the habituation trials, the acquisition
phase started. Each pig was assigned one of four possible reward
configurations (Figure 1). A reward configuration consisted of
a subset of four baited holes (the remaining 12 holes did not
contain a food reward). Each pig continued training on its
assigned reward configuration for the duration of the acquisition

phase. Reward configurations were randomly assigned but
balanced for birth weight category and sex.

There were two criteria for a pig to complete the acquisition
phase, based on previous holeboard studies with pigs (18, 23): a
pig had to (1) complete a minimum of 44 acquisition trials, and
(2) reach a reference memory score of at least 0.7 (see section
Ameliorating Effects of Enrichment, Variables for calculation of
reference memory) for two consecutive training days (consisting
of four consecutive trials). This criterion performance indicated
a pig had successfully learned the locations of the four baited
holes. After completing the acquisition phase, a pig was assigned
a new reward configuration for the first reversal phase (Table 1).
The pigs now had to learn to retrieve their rewards in a new set
of holes (e.g., a pig that was trained on configuration A during
acquisition was now switched to configuration C). Pigs could
complete the first reversal phase after a minimum of 24 reversal
trials and reaching the same criterion level for reference memory
performance that was set during the acquisition phase. After
completing the first reversal phase, a second reversal was applied
where pigs were again trained on a new reward configuration
(Table 1).
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TABLE 1 | Combinations of reward configurations used for the holeboard

experiment.

Combination Phase

Acquisition 1st reversal 2nd reversal

1 A C B

2 B D C

3 C A D

4 D B A

Behavioral Variables
For each trial in the holeboard, the following variables were
analyzed:

• Working memory, calculated as the number of visits that
yielded a reward divided by the total number of visits
(including revisits) to baited holes.

• Reference memory, calculated as the total number of visits
to baited holes divided by the total number of visits to all
holes. Referencememory was further divided into components
reflecting spatial orientation and spatial pattern learning:

◦ Rotational reference memory reflects rotational errors
made while a pig was orienting himself after entering the
holeboard, i.e. reference memory mistakes made prior to
finding the first reward (35). This measure was calculated
as 1 divided by the total number of visits to all holes up to
and including the first rewarded visit.

◦ Spatial pattern reference memory reflects a pig’s ability
to successfully complete the spatial pattern formed by
the reward configuration, i.e., reference memory mistakes
made after finding the first reward (36). This measure was
calculated as total number of visits to baited holes divided
by the total number of visits to all holes excluding visits
made before finding the first reward.

• Trial duration, latency to first visit and latency to first

reward, calculated as average time in seconds elapsed between
entering the holeboard and performing the required action.
When a pig failed to perform the required action, a maximum
value of 450 s was assigned.

• Inter-visit interval, calculated as the average time in seconds
between two successive visits.

• Total number of visits, number of different locations (holes)

visited and number of rewards found, calculated as absolute
counts.

Additionally, trials to criterion was calculated as the number of
trials needed to reach criterion performance for the acquisition
and first reversal phase.

Cortisol Analysis
Hair Cortisol
Hair samples were collected at weaning and at the end of
the experiment, when the pigs were ∼5 months old. Hair was
taken from the left flank of each pig with a razor (single edged

disposable prep razor, Kai Medical, Solingen, Germany; a new
razor was used for each sample). Hair cortisol concentration was
determined based on the protocol by Davenport et al. (37). In
short, samples were washed and dried, after which∼35mg of hair
was ground with a bead beater (TissueLyser II, QIAGEN Benelux
B.V., Antwerp, Belgium) for a minimum of 2 × 15min at 30Hz,
in 2mL tubes containing three 2.3mm steal beads (BioSpec,
Lab Services B.V., Breda, the Netherlands). After grinding, 1mL
methanol was added and samples were incubated for 24 h with
slow rotation to extract corticosteroids. Of the extract, 0.6mLwas
dried using a vacuum centrifuge. Dried extracts were dissolved
in 0.3mL phosphate buffer. Hair cortisol concentrations were
then determined in duplo using a Salimetrics Salivary Cortisol
ELISA kit. Intra-assay and inter-assay coefficients of variation
(CV) were 7.1 and 23.1%, respectively. The higher inter-assay
CV implies plate-to-plate variation (i.e., different plates produced
different cortisol concentrations for the same sample). To avoid
an influence of inter-assay CV on group comparisons, samples
were balanced across plates for birth weight and sex.

Salivary Cortisol
Saliva samples were collected from each pig prior to and after
their first individual habituation trial in the holeboard. Pre-
stressor samples were collected at ∼14:00 in the afternoon in
their home pens. Post-stressor samples were taken∼20min after
a pig’s trial in the holeboard, to allow for the peak in cortisol
response to develop (38). Saliva was collected by allowing each
pig to chew on two cotton swabs (Cotton Swabs 150mm ×

4mm WA 2PL; Heinz Herenz, Hamburg, Germany) until they
were sufficiently moistened. Then, the swabs were centrifuged
using saliva collection tubes (Salivette, Sarstedt, Germany) at
around 3,524 g for 10min at 10◦C. Saliva samples were stored
at −20◦C until salivary cortisol concentration was determined
in duplo using a Coat-a-Count radioimmunoassay kit (Siemens
Healthcare Diagnostics BV, The Hague, the Netherlands). Intra-
assay and inter-assay CVs were 4.8 and 1.6%, respectively.

Statistical Analysis
All statistical analyses were performed using R statistical
software, version 3.4.2 (39). For linear mixed models, package
nlme (40) was used. For each mixed model the random effect
structure was assessed using Restricted Maximum Likelihood
(REML) estimation. Final selection of random effect structure
was based on Akaike’s information criterion (AIC). Round (first
or second round of selected animals) did not improve fit of
mixed models and was therefore dropped from further analysis.
Statistical significance was set at P < 0.05. Effect size was
calculated as Pearson’s r based on contrasts. Unless indicated
otherwise, results are presented as mean± SEM.

Birth Weight and Growth
Average birth weight of LBW and NBW pigs was compared using
Welch’s t-test. The effect of birth weight on pigs’ weekly weight
gain from weaning until 5 months of age was analyzed using a
linear mixed model with Birth weight, Week and Birth weight
× Week interaction as fixed effects. Random effect structure
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consisted of random slopes and intercepts for Subject nested
within Litter.

Holeboard Data
For all variables scored during the acquisition and reversal
phases, means of four successive trials (trial blocks) were
calculated. Furthermore, to assess the effect of transitioning to
a reversal phase, the last trial block of the acquisition phase
was compared to the first trial block of the first reversal phase.
The same was done for the transition from first to second
reversal phase. The effect of birth weight on pigs’ learning
curves during acquisition, transition and reversal phases for
all holeboard variables were analyzed using a linear mixed
model with Birth Weight, Sex, Trial Block, and their two-way
interactions as fixed effects. Random effect structure consisted
of random intercepts for Subject nested within Litter and a first-
order autoregressive correlation structure for residuals to account
for repeated measures within subjects. The habituation phase
was analyzed similarly, but with Trial as a fixed effect instead of
Trial Block. Durations and latencies were log10 transformed to
improve the distribution of residuals. Finally, trials to criterion
for the acquisition and first reversal phase were compared using
a linear mixedmodel with BirthWeight, Sex, and BirthWeight×
Sex interaction as fixed effects and random intercepts for Litter.

Cortisol Concentrations
The effects of birth weight on pigs’ hair cortisol concentrations
at weaning and 5 months of age were analyzed using a linear
mixed model with Birth weight, Sex, and Birth weight × Sex
interaction as fixed effects and random intercepts for Litter. Hair
samples collected at weaning from three pigs (1 LBW male, 1
NBW male, and 1 NBW female) were insufficient for cortisol
analysis. Therefore, hair cortisol analysis on samples at weaning
was performed on the remaining 35 samples.

The effects of birth weight on salivary cortisol concentrations
before and after a pig’s first individual trial in the holeboard were
analyzed using a linear mixed model with Birth Weight, Sex,
Sample, and all two-way interactions as fixed effects and random
slopes and intercepts for Subject. Salivary cortisol concentrations
were log10 transformed to improve distribution of residuals.
Saliva collected from one LBW male was insufficient for cortisol
analysis. Therefore, salivary cortisol analysis was performed on
samples collected from the remaining 37 animals.

RESULTS

Birth Weight and Growth
LBW piglets had on average a lower birth weight than
NBW piglets [LBW: 0.81 kg ± 0.02, NBW: 1.45 kg ± 0.05;
t(27.31) = −11.63, P < 0.001; r = 0.91]. LBW piglets continued
to have lower body weight throughout the duration of the
experiment [Birth weight: F(1,22) = 34.30, P < 0.001; r = 0.79;
Figure 2] and had a slower growth rate than the NBW piglets
[Birth weight×Week: F(15,482) = 10.39, P < 0.001; Figure 2].

FIGURE 2 | Average body weight in kilograms of LBW and NBW pigs from

weaning until the end of the experiment. For week 15, data from only ten LBW

pigs was available, causing an appearance of lack of growth from week 14 to

15. This is an artifact due to missing data.

Spatial Holeboard Task
Habituation
Birth weight and sex did not influence pigs’ performance
during the habituation trials (Supplementary Table 1). During
habituation, all pigs showed a comparable exploration of the
holeboard based on total visits and locations (holes) visited.

Spatial Learning and Memory

Working Memory
Neither birth weight nor sex had an effect on working memory
(WM) scores during any phase of the experiment (Figure 3;
Table 2). All pigs improved their WM scores as training
progressed during the acquisition phase, first reversal and second
reversal [Trial blocks: Acquisition, F(10, 350) = 16.13, P < 0.001;
First reversal, F(5, 174) = 55.39, P < 0.001; Second reversal,
F(4, 136) = 89.16, P < 0.001]. After a transition to a new
configuration of baited holes, all pigs showed an initial decrease
in WM scores [Trial blocks: First transition, F(1, 34) = 139.19,
P < 0.001; Second transition, F(1, 34) = 175.11, P < 0.001].

Reference Memory
Birth weight affected reference memory (RM) scores during
the acquisition phase [Birth weight: F(1, 20) = 5.76, P = 0.026,
r = 0.12; Figure 3; Table 2], with LBW piglets scoring lower than
NBWpiglets. This difference was transient, with no effect of birth
weight on RM scores during either the first or second reversal
phase [Birth weight: First reversal, F(1, 20) = 0.01, P = 0.926;
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FIGURE 3 | Average working memory (WM) and reference memory (RM) scores of LBW and NBW pigs in the spatial holeboard task per trial block. There was no

significant effect of sex on holeboard performance, either as a main effect or interaction with birth weight. Therefore, the data for males and females have been

combined.

Second reversal, F(1, 19) = 1.65, P = 0.214]. Similarly, there
was a trend for LBW piglets to require a higher number of
trials to complete the acquisition phase compared to NBW
piglets [LBW: 53.26 ± 2.27, NBW: 48.00 ± 1.70; F(1, 20) = 4.19,
P = 0.054]. No effect of birth weight was found on the number
of trials required to complete the first reversal phase [LBW:
29.26 ± 1.38, NBW: 29.79 ± 1.08; F(1, 20) = 0.08, P = 0.776].
Sex had no effect on trials to criterion during the acquisition
phase [Sex: F(1, 20) = 2.46, P = 0.132; Sex × Birth weight:
F(1, 20) = 0.46, P = 0.504] or the first reversal phase [Sex:
F(1, 20) = 0.08, P = 0.775; Sex × Birth weight: F(1, 20) = 1.41,
P= 0.249], nor did it influence RM scores during any phase of the
experiment (Table 2). All pigs improved their RM scores during
the acquisition, first reversal and second reversal phases [Trial
blocks: Acquisition, F(10, 350) = 104.71, P < 0.001; First reversal,
F(5, 175) = 173.34, P < 0.001; Second reversal, F(4, 136) = 54.74,
P < 0.001]. After each transition to a reversal phase, all pigs
showed an initial decrease in RM scores [Trial blocks: First
transition, F(1, 35) = 1787.92, P < 0.001; Second transition,
F(1, 34) = 1882.18, P < 0.001].

RM scores can be separated into a rotational and a
spatial pattern component. Birth weight influenced rotational
RM (rRM) scores for certain specific trial blocks during the
acquisition phase and transition to the first reversal phase, as
indicated by Birth weight × Trial blocks interactions. For the
acquisition phase, LBW pigs had lower rRM scores for trials 21–
24 and 25–28 [Birth weight × Trial blocks: F(10, 350) = 2.04,
P = 0.029]. For the first transition phase, LBW pigs had higher
rRM scores for the final trial block of the acquisition phase and
lower rRM scores for the first trial block of the first reversal
phase [Birth weight × Trial blocks: F(1, 35) = 5.27, P = 0.028].
Together, these findings do not represent a systematic difference
between LBW and NBW pigs for rRM scores (Table 2). However,
a general effect of birth weight was found for spatial pattern RM

scores during the acquisition phase [Birth weight: F(1, 20) = 5.51,
P = 0.029, r = 0.12], suggesting the difference found between
LBW and NBW pigs in RM performance reflects a difference in
spatial pattern learning. No effect of birth weight on subsequent
phases was found [Birth weight: First reversal, F(1,20) = 0.22,
P = 0.647; Second reversal, F(1, 19) = 1.30, P = 0.269]. A
difference between female and male pigs was only found for
certain trial blocks during the transition from acquisition to first
reversal phase and during the second reversal phase. Male pigs
had higher rRM scores for the final trial block of the acquisition
phase [Sex × Trial blocks: F(1, 35) = 4.15, P = 0.049] and higher
sRM scores for the final trial block of the second reversal phase
[Sex × Trial blocks: F(4, 136) = 2.97, P = 0.022]. Similar to the
general RM scores, both rotational and spatial pattern RM scores
improved within training phases, but initially decreased when
pigs were transitioned to a reversal phase (Table 2).

Duration Measures
Birth weight had an effect on the latency to first reward during
the acquisition phase, with LBW pigs taking longer than NBW
pigs to find their first reward [Birth weight: F(1, 20) = 6.40,
P = 0.012, r = 0.35]. This finding was due to a difference
between groups for the first trial blocks and thus does not
reflect a systematic difference in performance between LBW and
NBW pigs. Similarly, female pigs had higher inter-visit intervals
compared to male pigs during the first trial block of the second
reversal phase [Sex × Trial blocks: F(4,136) = 4.07, P = 0.004].
No other effects of birth weight or sex on duration measures
were found (Trial duration, Latency to first visit, Latency to
first reward and Inter-visit interval; Supplementary Table 1).
Most duration measures decreased as training progressed during
the acquisition, first reversal and second reversal phase, with
pigs needing less time to finish a trial. Latency to first visit
increased during the acquisition phase, likely due to pigs learning
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to approach a rewarded location for their first visit, instead of
simply visiting the nearest hole upon entering the holeboard
[Trial block: Acquisition, F(10, 350) = 13.35, P < 0.001]. Most
duration measure scores initially increased after a transition to
a reversal. The only exception was latency to first visit, which
remained stable after the start of both reversal phases [Trial block:
First transition, F(1,35) = 3.09, P = 0.087; Second transition,
F(1, 34) = 0.26, P= 0.615]. As the second reversal progressed, only
a trend for an increase in latency to first visit was found [Trial
block: Second reversal, F(4, 136) = 2.33, P = 0.059].

Exploration Measures
No systematic effects of birth weight or sex were found for any
of the exploration measures assessed (Total number of visits,
Number of locations visited and Number of rewards found).
LBW pigs found less rewards than NBW pigs during the first
trial blocks of the acquisition phase [Birth weight× Trial blocks:
F(10,350) = 2.13, P = 0.022]. Female pigs visited more locations
than male pigs during the final trial blocks of the second reversal
phase [Sex × Trial blocks: F(4,136) = 2.84, P = 0.027]. No other
effects of birth weight or sex were found. Scores for all exploration
measures improved as pigs progressed during the acquisition,
first reversal and second reversal phases (Supplementary Table 1).
As training progressed, pigs required fewer total visits, visited
fewer locations, and found a higher number of rewards. The
opposite was true when pigs were subjected to the reversal phases.

Cortisol Concentrations
Hair Cortisol
At weaning, cortisol concentration in flank hair of LBW piglets
was higher than that of NBW piglets [LBW: 33.20 ± 1.68,
NBW: 29.26 ± 1.41; F(1,18) = 5.38, P = 0.032, r = 0.34]. Sex
did not influence hair cortisol concentration at weaning [Sex:
F(1,18) = 0.00, P = 0.975; Sex × Birth weight: F(1,18) = 0.04,
P = 0.847]. The difference between birth weight categories was
no longer present in hair samples collected at 5 months of age,
at the end of the experiment [LBW: 20.61 ± 1.14, NBW: 21.84±
1.88; F(1,20) = 0.33, P = 0.575]. Again, sex did not influence hair
cortisol concentration [Sex: F(1,20) = 2.96, P= 0.101; Sex× Birth
weight: F(1,20) = 0.52, P = 0.480].

Salivary Cortisol
Performing the first individual trial in the spatial holeboard task
caused an increase in salivary cortisol concentration for all piglets
[F(1,34) = 31.53, P < 0.001; Figure 4]. No effects of birth weight
[Birth weight: F(1,33) = 2.55, P = 0.120; Birth weight × Sample:
F(1,34) = 0.01, P = 0.924; Figure 4] or sex [Sex: F(1,33) = 1.15,
P = 0.292; Sex x Sample: F(1,34) = 0.18, P = 0.677; Sex x Birth
weight: F(1,33) = 1.21, P = 0.279] were found on salivary cortisol
concentrations.

DISCUSSION

The present study assessed the effects of LBW on post-weaning
cognitive performance in pigs. To this end, it is important that the
LBWpiglets selected for our study actually represented a different
population than the selected piglets with NBW. Indeed, LBW
piglets had significantly lower birth weights than NBW piglets.

FIGURE 4 | Average salivary cortisol concentrations of LBW and NBW pigs

before and after a stressor. There was no significant effect of sex on cortisol

concentrations, either as a main effect or interaction with birth weight.

Therefore, the data for males and females have been combined.

Furthermore, the LBW piglets selected for our study had birth
weights comparable to or smaller than those of piglets assessed in
other LBW studies [e.g., (18, 19, 22)]. In pigs, birth weight is the
main measure used to determine whether intra-uterine growth
restriction has occurred (41, 42). Head morphology has been
suggested as an additional measure, where a relatively large head
is considered a sign of the so-called “brain sparing effect”, i.e.,
placental insufficiency resulting in prioritized brain development
(22, 43). However, head morphology has been shown to correlate
with birth weight (43) and can also be confounded by differences
in head shape between different pig breeds (own, non-systematic
observations). Therefore, birth weight remains the best indicator
that the LBW pigs used in our study suffered from limited
nutrients and oxygen in utero. The found difference in body
weight of LBW and NBW pigs persisted throughout the duration
of the experiment. This shows LBW pigs continued to experience
impaired weight gain well beyond weaning. Long-term effects on
growth have also been shown in previous studies with LBW pigs
[e.g., (22, 44)]. Such a lack of catch-up growth shown by LBW
offspring is considered an additional risk factor for cognitive
impairment in humans (6).

Based on previous studies assessing the effects of LBW in
both humans and pigs [e.g., (6, 17, 18)], it was expected that
LBW pigs would have an impaired cognitive development as
shown by lower memory scores in the spatial holeboard task
compared to NBW pigs. Both groups of pigs were able to acquire
the task, producing similar learning curves to previous holeboard
studies with pigs [e.g. (23, 45)]. Pigs improved their performance
as training progressed, as shown by increasing memory scores
and decreasing latencies and exploration. In line with our
expectation, LBW pigs had lower reference memory (RM) scores
during the acquisition phase of the experiment. Additionally,
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LBW pigs had higher average hair cortisol concentrations (HCC)
than NBW pigs in samples taken at weaning. This implies
LBW pigs experienced more chronic stress during pre-weaning
development. Both the cognitive impairment and the increased
HCC found for LBW pigs were transient, likely due to the
enriched housing conditions applied during this study.

Effects of LBW on Spatial Learning and
Memory
Birth weight was found to cause a mild cognitive impairment,
based on spatial learning and memory in the holeboard task.
Compared to NBW pigs, LBW pigs showed lower RM scores
as the acquisition phase of the experiment progressed. This
finding indicates that LBW pigs had more difficulty learning and
remembering the locations of food rewards in the holeboard.
It is unlikely this effect of LBW was caused by a difference
in motivation between LBW and NBW pigs to perform the
task. Both groups showed comparable scores on measures of
motivation, such as the latency to first visit and the inter-visit
interval. This is corroborated by an earlier study comparing food
motivation of LBW and NBW pigs (46).

Our finding of impaired cognitive development is supported
by earlier studies showing decreased learning and memory
associated with LBW in pigs (17, 18). Similarly, LBW in
humans has been shown to cause learning difficulties throughout
adolescence (6, 7), as well as impaired spatial learning (47).
However, there have also been studies which have shown
LBW pigs to have a comparable, or even superior, cognitive
performance compared to NBW pigs (19–22). Several factors
could have contributed to this discrepancy in results.

First, it is difficult to compare the results found by Antonides
et al. (who reported improved cognitive performance of LBW
pigs) to those of other studies assessing post-weaning cognition
in LBW pigs, including the current study. This is due to large
differences in housing conditions. Their pigs were removed from
the sow at 4–6 days of age, whereas other studies applied weaning
at 4 weeks of age, comparable to standard commercial practice.
Abrupt changes in neonatal environment have been shown to
impact piglet development, resulting in increased behavioral and
physiological signs of stress (48, 49). Additionally, there was
a considerable difference in stocking density. Antonides et al.
provided 0.625–1.25 m2 space per pig, whereas the other studies
provided a minimum of ∼2 m2 per pig (18–21). A higher
stocking density affects pig welfare mainly through increased
aggression (50). This could have impacted NBW pigs more,
as they remain larger than LBW pigs. Taken together, these
differences in housing conditions may have influenced the pigs’
early development, hindering direct comparison of results.

Second, the findings of previous studies examining LBW
pigs have all been based on smaller sample sizes than applied
in our study. Smaller sample sizes increase the probability
of chance findings (51), potentially leading to contradictory
results in replication studies. Other factors influencing cognitive
abilities, e.g., personality (52), could then lead to a significant
difference between groups that does not reflect the effects of
birth weight. In particular, several studies reporting comparable

cognitive performance of NBW and LBW pigs have based their
results on relatively small sample sizes. For example, Murphy
and colleagues (20) compared six NBW to five LBW pigs in a
conditional discrimination task, where both groups were equally
capable of learning the task. Similarly, Gieling and colleagues
(19) found comparable spatial holeboard performance of LBW
and NBW pigs by using litter as the experimental unit in data
analysis (i.e., average performance of LBW or NBW litter mates
was analyzed instead of individual performance of each pig). This
resulted in a loss of statistical power by reducing the effective
sample size. Interestingly, visual inspection of the RM scores of
their pigs show a similar pattern to the current study. Control
LBW pigs (half of the animals were prenatally treated with an
anti-oxidative drug) have lower average RM scores toward the
end of the acquisition phase.

Finally, it is possible that LBWhas not consistently been found
to impair cognition in pigs due to the use of different cognitive
tasks in different studies. Cognitive development of LBWpigs has
been assessed using measures of spatial learning (17–19, 22) and
associative learning (20, 21). Spatial learning in a holeboard task
and associative learning in a conditional discrimination task have
previously been found to be independent measures of cognition
in pigs (53). Perhaps no effects of LBW were found in associative
learning studies with pigs because they assessed a cognitive
domain that is less vulnerable to impairment as a result of LBW.
Such specific effects of LBW, with varying effects on different
cognitive tasks, have previously been reported for humans (54)
and rats (55). That LBW does not have a general negative effect
on cognitive development in pigs is also supported by our finding
of decreased RM, but not working memory (WM) scores. This
is corroborated by earlier holeboard studies (18, 19, 22), where
LBW and NBW pigs show very comparable WM learning curves
during the acquisition of the holeboard task [although one study
found an effect of LBW on WM scores during reversal learning,
implying impaired behavioral flexibility—(18)]. Furthermore,
when separating the general RM scores into rotational RM scores
based on the ability of orientation within the environment (35)
and spatial pattern RM scores based on spatial pattern learning
(36), our results show that birth weight only affected spatial
pattern RM scores. After entering the holeboard, LBW and NBW
pigs were equally capable of orienting themselves and locating
a baited hole. However, completing the spatial pattern of baited
holes after finding this first reward was impaired in LBW pigs.
This provides further evidence that LBW could have specific
effects on different cognitive domains. It would be relevant for
future studies to assess the effects of LBW on additional cognitive
domains in pigs, mainly those that are relevant for their welfare.
For example, as social behaviors are of such importance to pig
welfare (13), testing the effects of LBW on social cognition is
recommended.

Effects of LBW on Pre-weaning Chronic
Stress
Previous studies with pigs have shown that LBW causes an altered
functioning of the HPA axis. LBW pigs show increased baseline
cortisol levels, both pre- and post-weaning (27, 56). Furthermore,
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LBW pigs show an exaggerated acute stress response (29). It was
therefore expected that the LBW pigs in our study would suffer
from a similar increase in HPA axis activity, namely an increase
in hair cortisol concentration compared to NBW pigs, indicative
of chronic stress and an exaggerated increase in salivary cortisol
compared to NBW pigs after exposure to an acute stressor. These
expectations were only partially confirmed.

HCC was used as a non-invasive measure of chronic stress
(57). As cortisol is incorporated into the growing hair shaft, HCC
allows for assessment of HPA axis activity over a longer time
period than other biomarkers of stress. HCC as a measure of
chronic stress has previously been assessed in pigs [e.g., (22, 58)].
For example, barren housing leads to a higher HCC in pigs (58).
These results are comparable to chronic stress assessment using
HCC in other species, with long-term stress leading to increased
HCC (37).

At weaning, LBW pigs showed an increased HCC compared
to NBW pigs. This suggests that LBW pigs experienced more
chronic stress while in the farrowing pens. It is known that LBW
piglets experience more physiological stressors after farrowing.
For example, LBWpiglets suffer from impaired thermoregulation
(59) and are less likely to acquire a (desirable) teat when suckling
(60) compared to their NBW siblings. However, in our study the
effects of such stressors were mitigated by providing extra heating
in the farrowing pens (both heat lamps and floor heating), as well
as applying cross-fostering to ensure the number of piglets in
a litter did not exceed the sow’s number of teats. It is possible
that in addition to the increased physiological stressors, LBW
piglets display an exaggerated response to chronic environmental
stressors. Housing piglets in farrowing pens, in which the sow
is constrained in a farrowing crate, can lead to behavioral signs
of decreased welfare, such as decreased play behavior (61). This
could be due to the lack of space and limited opportunities for
sow-piglet interactions (62). Based on our results, LBW piglets
are more chronically stressed in the farrowing environment than
their NBW siblings. Future studies are required to establish which
specific physiological or environmental stressors are responsible
for LBW piglets’ chronic stress.

Ameliorating Effects of Enrichment
Only a mild impairment of spatial cognition was found, along
with a transient increase in chronic stress. It is likely that the
effects of LBW found were ameliorated by the enriched housing
conditions applied during this study.

Enriched housing has been shown to improve cognitive
performance in pigs (34, 63). Furthermore, it has been suggested
that training animals—in particular if training extends over
a longer time period—may act as cognitive enrichment (64).
Together, the environmental and cognitive enrichment applied
in the current study may have alleviated the effects of adverse
conditions, such as LBW. Therefore, it is possible that the LBW
pigs in our study performed better than they would have done if
they had been housed in the barren conditions that are standard
practice on most commercial farms. Future studies exploring the
post-weaning cognitive abilities of LBW pigs in different housing
conditions are encouraged.

Several indications were found that enrichment also had
an ameliorating effect on LBW pigs’ stress response. First, in
contrast to pre-weaning HCC, post-weaning HCC was not
influenced by birth weight. This suggests both groups of pigs
were experiencing similar levels of chronic stress once they were
moved to the research facilities. Previous studies have shown
enriched housing conditions decrease stress as measured by HCC
and serum cortisol concentration in pigs (58, 65). Therefore,
it is likely that in our study, neither LBW nor NBW pigs
experienced chronic stress after weaning. Similar findings have
been reported by Murphy et al., who compared mean salivary
cortisol concentration (SCC) and found no difference between
LBW and NBW pigs housed in enriched conditions [(21), cf.
(22)].

Second, we found no exaggerated acute stress response in
LBW pigs. In our study, SCC was used as a non-invasive measure
of acute stress (66). Both LBW and NBW pigs showed increased
SCC after performing the first individual trial in the holeboard,
indicating the applied stressor was successful (38). However,
this increase in SCC was similar for LBW and NBW pigs.
This provides further suggestion that the enrichment applied
during our study had an ameliorating effect on LBW pigs’ stress
response, as a previous study has found LBW pigs to show
an exaggerated response to acute stress (29). Future research
aimed at the comparison of HPA axis functioning between LBW
and NBW pigs housed in standard commercial conditions is
encouraged. A longitudinal study of hair cortisol on commercial
pig farms should be feasible, as collection of samples is non-
invasive. The acute stress response of LBW and NBW pigs could
be compared by collecting saliva samples prior to and after
common stressors on commercial farms, such as ear tagging and
tail docking at a few days old or mixing animals after weaning.

No Sex Effects on Cognition or Cortisol
Our study is the first to control for an effect of sex on the
cognitive development of LBWpigs. This was done to account for
a possible sex-dependent effect of stress on learning andmemory,
as has been found in other species (25, 26). Such effects were
expected to be exaggerated in LBWpigs, due to their alteredHPA-
axis functioning (28–30, 58). However, sex did not systematically
influence any of the measures for spatial learning and memory in
the holeboard, possibly because we failed to find an exaggerated
stress response in our LBW pigs (see section Ameliorating Effects
of Enrichment).

In a previous study examining the effects of sex on spatial
holeboard performance, male pigs showed impaired behavioral
flexibility when faced with a reversal of the task (23). This
result was not corroborated in the current study. Independent of
birth weight, female and male pigs showed a similar exploration
of the holeboard and were equally able to find the rewarded
holes during the reversal phase. These contrasting results could
be due to a difference in housing conditions between the two
studies, with the previous study housing females and males
separately. In our study, pigs were grouped according to birth
weight category, resulting in mixed-sex groups. The effects of
mixed- vs. single-sex housing in pigs in relation to their behavior
and stress response has not yet received extensive scientific
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attention. Whether being housed in a mixed-sex group is more
or less stressful may differ for males and females, as male pigs
have been shown to engage in more aggressive behaviors than
females (67, 68). It has also been shown that male aggression
is provoked more in mixed-sex groups than when males are
housed separately from females (68). As group composition
appears to influence aggressive interactions and thereby social
stress (69), it is possible that it also impacts pigs’ behavioral
flexibility.

CONCLUSION

Our results show that LBW causes a transient cognitive
impairment in weaned pigs, as measured by a spatial holeboard
task. An impaired development of spatial cognition could have
adverse effects on the welfare of LBW pigs, as they require spatial
learning and memory to correctly respond to their environment.
For example, remembering specific locations, such as food and
water sites, preferred areas for resting or the preferred areas of
dominant conspecifics, is relevant to pig welfare (70, 71). LBW
pigs also showed a transient increase in HCC, implying increased
chronic stress in the farrowing environment. It is likely the effects
of LBW foundweremitigated by the enriched housing conditions

applied during this study. Therefore, future studies assessing
the cognitive development and stress responses of LBW pigs in
commercial housing conditions are encouraged.
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Department of Animal and Aquacultural Sciences, Faculty of Biosciences, Norwegian University of Life Sciences, Ås, Norway

Individual differences in cognitive performance are often reported but factors related to

variation within species are rarely addressed. Goats (Capra hircus) have been subjects of

many cognitive studies recently but without focus on individual variation. Among others,

factors such as prenatal stress and sex of the individual have been proposed as possible

explanations for individual variation in cognitive skills. We aimed to study whether prenatal

environment, prenatal stress, litter size, sex, and birth weight influences search behavior

skills of goat kids. Pregnant Norwegian dairy goats were exposed to different spatial

allowance (namely 1.0, 2.0, or 3.0m2 per animal) within the commercially applied range

during pregnancy and their serum cortisol levels were measured six times within this

period. Twenty-six of the kids born entered a three-stage searching task with increasing

difficulty when they were 6 weeks old. The tasks included finding a bucket of milk: while

moving (stage 1), after moving and disappearing behind a curtain (stage 2), and moving

behind a displacement device and the device moving behind a curtain while hiding the

bucket (stage 3). We found that prenatal animal density had no effect on the search skills

of the offspring, while kids with higher prenatal maternal cortisol levels performed better

at the highest stage tested: finding an object after single invisible displacement. At this

stage, singleton kids and males performed better than twins and females. Birth weight

had no effect at this stage. The findings suggest that maternal cortisol in the observed

range had a facilitating effect on cognitive development of goat kids.

Keywords: search behavior, goat, cognition, prenatal effect, sex, object permanence

INTRODUCTION

Animals often follow the trajectories of prey, predators, and conspecifics; however, should the
object become hidden, an animal which has the ability to mentally reconstruct the object would
have a distinct advantage (1, 2). Searching behavior, observed when animals make attempts to find
objects, may be a manifestation of object permanence skills (3). Object permanence is the cognitive
capacity to understand that objects continue to exist even when they have disappeared from
view and the ability to represent their unseen displacement trajectory. Standardized tests based
on Piaget’s theory of object permanence (3) are widely used in developmental and comparative
research [reviewed by Jaakkola (1)]. They rely on simple non-verbal behaviors and the tasks can
be adapted to suit the sensory and motor characteristics of different species (4, 5), thus making
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them ecologically valid. So far, most of the studies focusing
on object permanence skills or search behavior in the different
species place the emphasis on the highest level of cognitive
performance in the species or the stage of cognitive performance
achieved by the subjects. They normally discuss the results in
comparison with other species [e.g., (4–10)], or in relation to
the effects of differences in the testing procedure applied within
species [e.g., (5, 6)]. This kind of goal often leads to involving
test subjects which are fully mature, have ample experience
with experimental settings, often with other types of cognitive
tasks, and may be kept in an enriched environment compared
to most of their conspecifics (e.g., experimental animals and
human-raised individuals). Previous studies have aimed to trace
the development of object permanence skills with longitudinal
studies [for a review see (6)]. Although these studies indicate the
potential cognitive skills of the species, they rarely focus on the
striking individual variations shown in the different tasks (for
example, variation in the level of skill at maturity or rate of skill
development) and do not shed light on the causes for individual
variation. According to a review by Thornton and Lukas
(11), causes of individual variation in cognitive performance
are, in general, understudied. Few studies of object permanence
to date have taken into account the effects of prenatal stress
and environmental enrichment during development (12, 13),
yet prenatal, perinatal, and early postnatal environments were
found to affect the cognitive development of animals (14). The
direction of these effects depends on timing, length, and intensity
of the stimulus, as well as the measurement applied [for review
(15)]. Prenatal stress can have different effects in males than
females [such as, sex tested, for a review see (16)]. For instance,
male rat offspring showed impaired learning and memory skills
after exposing pregnant mothers to restraint stress, while these
cognitive skills were unchanged in the female offspring (17).

Recently, goat cognition has become a topic of interest as
there is increasing evidence that goats can perform well in
different learning and memory tasks. Goats are group-living,
browsing animals and their behavior is greatly influenced by
the way they perceive, process, and memorize information from
their environment (18). They are able to use direct and indirect
information to locate a food reward (19, 20), are capable of
solving complex learning and memory tasks (21), can learn
socially from humans in spatial tasks (22), and, given the
opportunity, they will actually seek cognitive challenges (23).
Previous work on goat cognition also shows that goats have
excellent vision, responding not only to spatial and temporal
variations of visual stimuli such as different shapes (24–27)
but are also able to concurrently recall between five and seven
different discrimination problems that they had previously
learned and retained over several weeks (18). Good visual
perception and learning skills can also be expected since they
are prerequisites for the social recognition skills/abilities present
in these animals [e.g., (18, 28); but see (29)]. These skills are
crucial for goats which are a highly social species living in
stable, individualized social groups (30, 31). Specific aspects
of personality, namely sociability and exploration, were found
to have an effect on cognitive performance in discrimination
learning and non-associative food searching task in this species

(32). In one study, adult dwarf goats, as a group, showed
remarkable skills when a food item was hidden in one of two
non-identical cups and the position of the cups were visible
changed, crossing in the view of the animals (33). As goats
are sensitive to aspects of their social environments, variations
to their social environment such as group size, group stability,
and space allocation (29, 31, 34–38) can have an effect on their
cognition. For example, Langbein and colleagues found that
a simple relocation (a normal husbandry routine) resulted in
impaired (albeit minor) visual memory retrieval abilities in goats
(39). This relationship between stress and cognitive abilities has
already been well-described in human psychology and has been
applied more recently (though to a lesser extent) to non-human
animals (40, 41).

Adult Norwegian dairy goats are housed at relatively high
animal densities during pregnancy and experience higher levels
of social stress in terms of more agonistic interactions than
goats kept at lower densities (38). In a parallel study, we found
that prenatal social stress inflicted via high stocking densities
negatively affected the behavioral development of goat kids (29).
Prenatal stress is also known to affect cognition in animals during
development [for reviews see (15, 42–44)]. Brain neurogenesis,
structure, and function can be dramatically affected by the
environmental conditions that an animal experiences during
prenatal development (45–47). Specifically, the hippocampus
has been comprehensively shown to be deleteriously affected
by prenatal stress (48–53). Since the hippocampus processes
learning, memory, and spatial and contextual information, it is
probably the most crucial brain region in object permanence
comprehension (54). Direct links between object permanence
performance and prenatal stress (12, 13), frontal lobe activity
(55, 56), and hair cortisol levels [an indicator of chronic stress;
(57)] have been found. Interestingly, a parallel study conducted
on sheep found a significantly higher total spine density in apical
dendrites of the CA1 pyramidal neurons in the hippocampus of
lambs born to mothers held at a treatment density of 1.0 m2

throughout gestation than lambs from 3.0 m2 (58). Therefore, it
is likely that prenatal stress due to reduced space allowance will
affect the cognitive processes of 6-week-old goat kids.

The goals of the present study were: (a) to assess the individual
variation in cognitive capabilities of 6-week-old goat kids using
tasks based on methods from early stages of Piaget’s object
permanence tasks; and (b) to examine whether prenatal stress
via increased animal densities, sex of the subjects, or litter size
impacted these abilities.We predicted that a high prenatal density
would have negative effects on the cognitive skills of the kids and,
as a result, kids born from the high prenatal density treatment
would be less capable of comprehending searching tasks than kids
born from the lower densities at this age. No effects of sex of the
kids were predicted based on earlier studies comparing cognitive
skills in goat (21).

MATERIALS AND METHODS

Animals and Treatment During Gestation
Healthy, pregnant, dehorned Norwegian dairy goats from the
experimental goat herd of the Norwegian University of Life
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Sciences, Ås, Norway were used in the experiment. Ethical
rules stated by Forsøksdyrutvalget (the Norwegian Committee
for Research Animals, www.fdu.no) which satisfy the European
Union (EU) animal testing directive (86/609/EEC), the Council
of Europe Convention on Laboratory Animals (ETS 123; http://
conventions.coe.int/Treaty/en/Treaties/Html/123.htm) and the
legislations for keeping farm animals and small ruminants in
Norway (www.mattilsynet.no) were followed. In addition, all
study practices were reviewed and approved by the Norwegian
University of Life Sciences’ Institutional Animal Care and Use
Committee, The Animal Production Experimental Center.

The herd is kept on pasture in the mountains during the
summer period. In September (2011), the goats were transported
from pasture to the farm in Ås and were housed individually due
tomeasurement of feed consumption in a nutritional experiment,
with visual, olfactory, and limited physical access to each other,
causing minimal stress in relation to isolation. Beginning in mid-
October, the goats were placed into groups of 15–35. During
this time, the hay and concentrate provided was reduced in
order to terminate lactation. Approximately 2 weeks later, in
early November, the prenatal density treatment began. The goats
were not synchronized and were inseminated or mated between
the end of October and mid-November. One buck was used
for mating and semen from three other bucks was used for
insemination. Fifty-four multiparous female goats, aged 2.8 ±

0.1 years and weighing 50.2 ± 1.0 kg were selected based on
confirmation of pregnancy (by not returning to estrus and/or
ultrasound investigation 3–7 weeks after mating or insemination)
and expected time of parturition. These goats were evenly
distributed in herds of six animals (a total of 18 animals per
treatment) in densities of 1.0, 2.0, or 3.0m2 per animal (low-
density: pens 276 × 650 cm each; medium-density: pens 189 ×

632 cm, 224 × 540 cm, 276 × 435 cm; high-density: pens 189 ×

317 cm, 224 × 270 cm, 224 × 270 cm, see (38) for specifics on
goat allocation and the pen densities chosen). The goats were kept
in stable groups and not mixed with new individuals throughout
their entire pregnancy until their kids were 5 weeks old.

The treatment pens were indoors, in one of two insulated,
mechanically ventilated rooms in the same building with a
constant room temperature of approximately 10◦C. Artificial
lighting provided a 7:17 h light: dark regime with lights on at
8 a.m. in addition to natural lighting through windows along
either side of the building. The pens were made of 1.5m high
solid walls (15mm plywood) which prevented physical contact
between groups. Flooring consisted of expanded metal flooring
with a 60 cm solid wood area at the rear end of the pen where
sawdust was laid for bedding. The pens were cleaned in the
morning and afternoon after feeding. During this time, fresh
bedding was added to the solid floor area. Free access to fresh
water, grass silage, and salt blocks with copper were provided.
The front of each pen had six eating places (one for each
goat) which provided access to a common feeding trough. Silage
was supplied every morning and afternoon. The goats were
also fed 0.2 kg of concentrate feed every morning throughout
most of the experimental period. The concentrate was gradually
increased to 0.5 kg in the last part of pregnancy (from mid-
January until kidding) when the feed was complemented with

hay in the afternoon to stimulate the goats’ digestion. At the time
of expected birth, each goat was isolated from the herd until
24 h after parturition to allow for maternal care and bonding.
After the 24-h post-parturition period, the goats and their kids
were returned to their treatment herd. The feed openings (eating
places) in the pens allowed kids to move freely between their
home pen and separate kid areas which had solid wooden floors
and free access to hay. The birth of the kids was staggered over a
5-week period from the beginning of February to the beginning
of March.

One goat from the medium-density treatment aborted 16 days
before the expected date of parturition. This goat was removed
from the experimental pen for 8 days for observation, medicated,
and returned to the same experimental pen until the end of
the treatment. A stillborn kid was born in the medium-density
treatment (most likely due to complications at birth) and the
mother could not be saved. One goat from the low-density
treatment gave birth to two live and two stillborn kids (the latter
two were immature). Finally, a live-born singleton kid from the
high-density treatment had to be removed for a parallel study.
Only data from the remaining 51 litters (low-density: n = 18;
medium-density: n= 16; and high-density: n= 17) are presented.

Goat Kids
Beginning when the kids turned 3 weeks of age, in addition to
having free access to their mothers, the kids were introduced
to free access to warm goat milk from a milk bucket with four
artificial teats affixed to the wall in each kid area. Each kid was
also handled and hand fed via a bottle affixed with an artificial
teat at least once a day. This was done to teach the kids to
suckle milk from a source other than their mothers and to ensure
that the kids had learned that the milk bucket was a positive
stimulus. By 4.5 weeks of age, the kids’ access to their mothers
was blocked as per standard procedure in order to begin the
weaning process and following behavioral tests at 5 weeks of age
for another study investigating anxiety in a novel environment
and sociality (29), the testing arena became the kids’ home pen
(375 ∗ 660 cm; Figure 1). This change was carried out prior to
testing to ensure that fear or stress of a novel area did not have an
effect on the cognitive performance of animals (59). At this time,
the kids from all treatments were housed together in this pen
and the experimenters did not have access to information about
their treatments. The kids had free access to the milk buckets
throughout this period until the end of testing at 7 weeks of age.
Milk was not provided after 17:00 the days preceding test days but
free access to water and solid food (hay, silage, and concentrate)
was. Prior to testing, the test kids were herded out of the test arena
to a pen in a room adjacent to the experimental room tominimize
pre-test handling.

Data Collection
Birth Weight and Cortisol Levels
Individual kids were sexed and ear-tagged within 12–36 h after
birth. At the same time, their weights were measured on an
electric scale.

Blood was taken and processed as described in Vas et al.
(38). Blood samples were collected from the mothers of the
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FIGURE 1 | The experimental set up of the test arena. The test during the

Invisible displacement task with three experimenters, the test kid, a companion

kid remaining in its cage and the milk bucket sliding first into the L-shaped box

then both moving behind the right screen. A choice to the left would be

considered a fail while a choice to the right would be considered correct.

kids via venipuncture in the jugular vein three times during
pregnancy (in the first, second, and last third of pregnancy), on
two consecutive days in each period before the morning feeding
(between 7:00 and 8:30). Blood samples from the kids were
collected when the kids turned 3 weeks of age, on two consecutive
days. All the sample collections were performed with minimal
disturbance of the goats, gentle handling, and by trained and
experienced assistants. Samples were collected into heparinized
tubes (Vacutainer, Becton and Dickinson, Leuven, Belgium).
After storage at −4◦C for 2 days, samples were centrifuged at
3,000 × g for 15min. After removing the plasma, samples were
stored again at−20◦C. The samples were analyzed for cortisol by
the Hormon Laboratory of the Oslo University Hospital, using
electrochemiluminescence immunoassay (ECLIA, Roche Cobas
Cortisol assay) by using Roche Elecsys E immunoanalyzer system
(Roche Diagnostics, Mannheim, Germany). For more details see
Vas et al. (38). The cortisol values of the six samples from the

mother goats and the two values from the kids were averaged
resulting in one single cortisol value for each goat.

The “Search Test”
Theweek the kids turned 6weeks of age, they were presented with
a series of “object permanence tests” which were a modification
of the tests used by Gagnon andDoré (60). The testing period was
staggered over a 5-week period as there were 5 weeks separating
the first birth from the last. The kids were separated into five
groups accordingly.

Apparatus
The design of the apparatus was adapted to the morphological
characteristics of goat kids (60, 61). An artificial milk bucket (27
∗ 30 ∗ 20 cm), identical in appearance with the one the kids were
familiar with, was used as the target object. Two 125 ∗ 114 cm
opaque curtains (hereafter referred to as screens) were hung
across the test arena (332 cm from the entrance door and 328 cm
from the back wall; Figure 1). These provided hiding locations
on either side for the milk bucket but with a 125 cm opening
so that the kids had full view and access to the bucket when
the bucket was positioned in the center. Forty-five centimeters
behind the screens, metal wiring was strung in a loop (65 cm
above the floor) with pulleys on either side allowing the milk
bucket to be hung and drawn to either side behind the screens
(Figure 1). The metal wire holding the milk bucket went through
a hole in the wall of the test arena allowing a researcher to pull
the bucket to the left or right, manipulating the movement of
the milk bucket, while remaining hidden. This controlled for any
inadvertent experimenter cues given through themanipulation of
the bucket (such as choose the last or first box touched by either
the experimenter or displacement device; see (5) for a review).
The bottom of the milk bucket was approximately 30 cm from
the floor, roughly the height of a goat udder. For the invisible
displacement task, a 36 ∗ 38 ∗ 24 cm L-shaped wooden frame,
which was completely covered with the same opaque fabric as the
curtains, was attached on a third line so that the bucket would
move behind the frame, catch the “L” and drag the frame to
either side (Figures 1, 2). From the kids’ perspectives, it appeared
as though the milk bucket completely disappeared behind or
into the displacement device. The L-shaped wooden frame (the
displacer) could be attached from the top or flipped and attached
by the bottom, effectively switching which side it would be
dragged. As the apparatus was stored in the same building as the
goats and both screens had milk splashed on them, olfactory cues
were not a concern (1, 5, 60, 62–64).

“Habituation” trials
Before the first day of testing, habituation trials were conducted
to allow the kids to become familiarized with the apparatus
(10, 63). The habituation trials were done in pairs as goats are
highly sensitive to separation (65–67) and a companion allowed
the kids to feel more secure while becoming accustomed to
the experimental set up. Competition between the two kids
to gain access to the milk should not have been an issue as
the milk bucket had four artificial teats and four kids were
often seen sucking simultaneously before testing. Kids were also
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FIGURE 2 | The test procedure for each day. Visible displacement with early

search was tested on Day 1. On Day 2, kids were tested for their performance

at the Visible displacement task. On the final day of testing (Day 3), a simple

Invisible displacement task was conducted in two steps (Day 3—step 1 and

Day 3—step 2). The start of each trial (S), the release of the test kid (R), and in

the final position (F) of the bucket are indicated for each stage tested.

never observed “forfeiting” a teat to another kid; therefore, the
most dominant kids did not monopolize the bucket during the
habituation trials. The milk bucket was placed in the center of the
room, equal distance from either screen with the artificial teats
facing toward the cages so that the test kid had full view of both
the bucket and the teats facing the kid. During the habituation
trials, the cages were placed side by side parallel to the apparatus
and the kids were placed in the cages. Both kids were released
simultaneously and allowed 2min from release to suck from the
bucket. They were then collected, returned to the cages for 30 s
and re-released. Three habituation trials were conducted in a row.
If a kid latched onto the artificial teat and attempted to suck
milk, they were marked as sucking. As Pepperberg (5) stated, in
order for Piagetian tasks to accomplish the goal of determining
levels of cognitive processing, the animal must be motivated to
engage in the task at hand. Cognitive performances can be highly
influenced by motivations such as the subjective value of the
reward (68), being distracted by other events, and current stress
level of the animal. The habituation trials were used to allow
the most motivated kid to be chosen from twin litters as the
test kid and exclude the non-motivated kids from further testing.
Twenty-five kids were exposed to habituation trials from the low-
density treatment, of which, 14 sucked. In the medium-density,
11 out of the 28 kids sucked, and in the high-density, 14 of the
22 kids sucked. If both kids from a twin litter were marked as
sucking for the same amount of trial, then one kid was chosen at
random to be the test kid of that litter. Twenty-six kids from the
51 litters were used as test kids (for details about number of males
and females, singleton and twin kids see Table 2).

Procedure
In the test arena, two cages were placed side by side
perpendicularly to the apparatus to house the test kid (in the cage

closer to the apparatus) and a familiar “companion” (not a test
kid; Figure 1). A “companion kid,” that was housed together with
the test kid, was used to avoid the test kid performing behaviors
as a result of separation from group mates (59). The “companion
kid” was changed after approximately three kids were tested.

Three experimenters were used to administer the search
tests (Figure 1). Experimenter 1 sat outside the test arena.
Experimenter 1 was able to pull the metal wire holding the
milk bucket to the left or right while remaining hidden. Half
of the trials were conducted pulling the bucket behind the left
screen and half behind the right in a semi-randomized order to
control for side preference (for example, R-L-L-R-L-R-R-L-R-L;
see Table 1 for the number of trials conducted at each stage). The
pattern of the trials was alternated with the first trial beginning
to the right or to the left for every other kid for all stages.
Experimenter 1 sat in this spot prior to the test kid entering
the room with a list stating the predetermined order of which
side the bucket was to be pulled. This allowed Experimenter 1
to remain hidden until the last trial was completed and the test
kid was taken out of the test room. Therefore, the test kid should
not have been influenced by the presence of Experimenter 1 and
Experimenter 1 had no knowledge of which kid was being tested.
Experimenter 2 was responsible for handling the kid. She placed
the kid in the cage, removed, and restrained the kid by gently
holding its body with the head oriented toward the apparatus
but preventing it from moving toward the apparatus before the
predetermined release time. After the kid’s release, Experimenter
2 stood motionless with her eyes averted from the test kid and
the apparatus until a choice was made, she then retreated to
the corner so that the kid was neither attracted to nor received
any inadvertent behavioral cues from her. Upon release, the test
kid was allowed 30 s to make a choice. Once the kid passed
the 30 cm threshold before the screens (Figure 1), a choice was
considered to have been made. The test kid had to walk behind
the correct screen to access the bucket. If the kid sucked on
the milk bucket within the 30 s of the trial, it was allowed to
suck for 10 s regardless of whether the choice was considered a
successful choice or not. This allowed for reinforcement of the
stimulus, prevented any behaviors of frustration which may have
arisen upon not receiving an expected milk reward, and, most
importantly, prevented any potential negative feedback of the
procedure where each failure to find the object behind a selected
screen could result in an extinction trial for the association. The
kid was collected and placed in the cage after it had sucked
10 s or until 30 s had past if the kid did not suck, whichever
occurred first. The test kid spent 30 s in its cage in between
each trial. Experimenter 2 manipulated a stopwatch timing the
trials, collected the kid, and placed it in the cage between
trials. Experimenter 3 stood outside the test arena and recorded
whether a kid was successful on each trial (see “Scoring” for
passing criterion).

Four test scenarios were administered over three consecutive
days within the same week with the stages increasing in
difficulty each day [Figure 2; (4, 61, 63)]. Three tests were
visible displacement problems (Days 1 and 2) and one was
invisible displacement (Day 3). On all days, the following pre-
test procedure was conducted: The cages were placed adjacent
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TABLE 1 | Passing criterion for each stage tested.

Stage tested (test day) Number of trials

conducted

Passing criterion

(number of

correct choices)

Probabilitya Probability of

reaching stageb

VDEc (Day 1) 10 8 0.05 0.05

VDd (Day 2) 11 8 0.11 <0.001

IVDe (Day 3) 10 8 0.05 <0.0001

aProbability of reaching success criterion at current stage by chance.
bProbability of a single kid advancing through the previous stages and reaching success criterion at current stage by chance.
cThe Visible displacement with early search task.
dThe Visible displacement task.
eThe Invisible displacement task.

TABLE 2 | Sample sizes, means and interquartile range (IQR) of success rates at different stages.

Sum Prenatal maternal densitya Sex Litter size

High Medium Low Females Males Singleton Twin

Visible early Nb 26 10 7 9 9 17 8 18

Meanc 0.915 0.940 0.914 0.887 0.864 0.941 0.988 0.882

Lower quartile 0.900 0.925 0.850 0.900 0.800 0.900 0.900 0.825

Higher quartile 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000

Visible Nb 22 8 7 8 7 16 8 15

Meanc 0.800 0.854 0.721 0.815 0.846 0.780 0.831 0.783

Lower quartile 0.730 0.798 0.640 0.745 0.820 0.708 0.730 0.685

Higher quartile 0.910 0.910 0.820 0.933 0.910 0.910 0.910 0.910

Invisible Nb 16 6 4 6 6 10 5 11

Meanc 0.829 0.800 0.875 0.828 0.783 0.857 0.900 0.797

Lower quartile 0.800 0.800 0.825 0.800 0.800 0.800 0.800 0.700

Higher quartile 1000.000 0.875 1.000 0.950 0.800 1.000 1.000 1.000

aSpace allowance of 1.0 (High), 2.0 (Medium), or 3.0 (Low) m2 per animal provided to pregnant goat mothers.
bNumber of subjects participating.
cMean of the success rate, which is successful choices divided by number of trials when a choice was made.

to the apparatus at the entrance of the experimental pen. The
milk bucket was placed in the center of the room filled with
milk equidistant from either screen. The “companion kid” was
brought into the test room, allowed to roam freely in the test
arena, and suck from the milk bucket for 2min and then
placed in the cage. This was done in order to facilitate calm
behavior of the “companion kid.” Afterwards, the test kid was
brought into the test room and placed into the adjacent cage.
Each test kid (in the cage closest to the apparatus (Figure 1)
was tested individually. The test kid was gently removed from
the cage, held facing the apparatus directly in front of the
cage, and released without moving the bucket to allow the
kid to suck on the bucket as a warm-up trial. After 30 s, the
test kid was collected and put into the cage. This pre-test
warm-up trial was conducted to reinforce the milk bucket as a
stimulus.

Single visible displacement with initiation of the search movement
(“Visible displacement with early search”) When 60 s had
passed after the kid was placed in the cage after the

initial warm-up trial, Experimenter 2 removed the kid from
the cage and held it as during the warm-up trial. The
bucket was slid horizontally and the test kid was released
as the bucket began to go behind the screen (Figure 2:
Day 1).

Single visible displacement (“Visible displacement”) If the Visible
displacement with early search stage permanence criteria was
achieved (see later criteria), the kids were tested in Single
visible displacement tasks. The testing procedure was identical
to Day 1 except that the bucket was slid horizontally until fully
concealed before releasing the test kid. The kid was released after
all movement of the bucket was completed (Figure 2: Day 2).
The pattern was changed and an 11th trial was added which
allowed for three consecutive trials to be conducted behind
the same screen (for example, R-L-L-R-L-R-R-L-L-L-R). Care
was taken that the number of consecutive trials to one side
was less than five to control for trial and error/place learning
(69, 70). Again, the pattern of the trials was alternated for every
other kid.
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FIGURE 3 | Success rates of kids in the Visible early task. Success rates (number of successful choices divided by number of trials when a choice was made) in the

Visible early task by treatment (A), sex (B), and litter size (C). The position of the bucket at the start of each trial (S), the release of the test kid (R) and in the final

position (F) in the Visible early task (D). Asterisks indicate significant differences between groups (at *P < 0.05 and **P < 0.005 level). Size of dots refer to number of

overlapping data points.

Simple invisible displacement task (“Invisible displacement”)
Based on traditional invisible displacement tasks and invisible
transposition tasks administered to dogs (Canis familiaris: (7, 71),
cats (Felis catus: (71), and jackdaws (Corvus monedula: (72) the
milk bucket was slid horizontally into a displacement device (the
L-shaped box) so that it was completely hidden in full view of
the test kid (Figure 2: Day 3—step 1). The bucket remained in
the displacement device while it (with bucket behind) was slid,
in full view of the kid, behind either test screen (Figure 2: Day
3—Step 2). The kid was released when both the bucket and the
displacement device had come to a complete stop.

Scoring Kids were deemed successful on a trial if the orientation
of their head was toward the side the bucket was positioned
when it was at the threshold 30 cm before the screen (Figure 1)
and sucked from the milk bucket. A threshold of 30 cm before
the screen was chosen as that was the last point where the test
kid could not see the bucket behind either screen if they were
positioned in the center as they approached the screen. If a kid
suddenly looked the opposite way of its trajectory (as if to check
behind the other screen) and/or suddenly changed trajectory
from the wrong side to the correct side after the 30 cm threshold,
it was recorded as an incorrect choice as it was assumed the
kid simply saw the bucket. Similar to other studies, a response
was scored as incorrect when the kid chose the wrong screen.
A trial was scored as “no choice” when the kid did not make a
response within 30 s of release and the trial was not included in
the total number of trials given for analysis. Although it may be

that “no choice” was made due to lack of motivation or because
of uncertainty about the location of the reward, these two causes
could not be distinguished behaviorally. In total, there were only
8 trials where kids did not make a choice. Two portable cameras
(SONY HDR-SR12) were set up at either side of the test arena
to record behaviors. In addition to recording behaviors through
direct observations, choices were confirmed via video analyses by
one experimenter. In the case of discrepancies recorded through
direct observations and video analyses (0.4% of trials fell under
this category), a minimum of two experimenters reanalyzed the
footage. All experimenters were blind to the treatment condition
of each kid.

The number of trials conducted at any stage were kept to a
minimum to control for the possibility of training or learning [see
e.g., (5, 73)] and to avoid saturation. Ten trials were conducted
each day with the exception of the extra trial on Day 2, when
eleven trials were given. In all conditions when a choice wasmade
the probability of chance success was 0.5. Therefore, according
to the exact binomial tests (57, 60, 74), passing criterion was as
in Table 1. Consequently, subjects were failed and testing was
discontinued if three trials were scored as “incorrect” in total at
a single stage. Since the search tasks were administered with the
stages increasing in difficulty (4, 61, 63) it was unlikely that if a
kid failed a stage it would advance to succeed at the next, more
difficult stage (60, 70); therefore, if a kid failed at a stage then the
test was terminated for the kid.

Two kids which had successfully performed at the
“Visible displacement task” were not tested on the “Invisible
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displacement.” Direct observations had marked them as failing
at the visible displacement; however, upon later analyses of the
videos, it was determined that they had, in fact, successfully
completed that stage. Overall, 664 trials were included in
analyses (not including warm-up trials), 567 of which were
scored as “successful.”

Statistical Method
R statistics software (Version 3.3.3) was employed to run all
statistical models. Birth weight, maternal and kid cortisol values
were standardized by twice of the standard deviation to deal with
skewed distribution (the mean was subtracted from the value and
then, divided by twice of the standard deviation of the sample).

First, effect of sex and litter size on birth weight were
tested with Kruskal-Wallis tests. Generalized linear models were
applied (with binomial distribution, log link) to evaluate the
effect of sex (female or male kid) and litter size (singleton
or twin) on the number of successful choices compared to
the total number of trials when the kid made a choice. In
addition, the treatment (with three levels: low, medium, or
high prenatal density), standardized values of the following,
continuous variables: blood cortisol level of the mothers, that of
the kids, and the birth weight of the kids were added as covariates
to the models.

RESULTS

Males had higher birth weights compared to females (Chi2 =

7.172, df = 1, P = 0.007; mean ± SE for males: 3.69 ± 0.14 kg,
females: 3.00 ± 0.20 kg). Kids born as singletons or twins had
comparable weights at birth (Chi2 = 1.123, df = 1, P = 0.289,
singletons: 3.59± 0.24 kg. twins: 3.39± 0.15 kg).

As an overview Table 2 presents the success rate (number of
successful choices divided by number of trials when a choice was
made) of the kids in the different treatment groups, sexes, and
litter sizes at the three stages together with sample sizes.

Visible Displacement With Early Search
In this first stage (Figure 3D), 26 goat kids participated, with an
average success rate of 91.5% (Table 2). Prenatal maternal density
had no significant effect on the success rate of early search of
visible displacement of the kids (ß= 0.016, SE= 0.328, z= 0.049,
P = 0.960, Figure 3A) but males performed better than females
at this stage (ß = −1.985, SE = 0.665, z = −2.985, P = 0.002,
Table 2, Figure 3B) and singleton kids had a higher success rate
than kids from twin litters (ß=−2.429, SE= 1.082, z =−2.245,
P = 0.025, Table 2, Figure 3C). Neither the cortisol level of the
mother (26.06± 1.81 nmol/l, ß= 0.198, SE= 0.289, z = 0.685, P
= 0.494) nor that of the kid (29.52± 7.15 nmol/l, ß= 0.016, SE=

0.247, z = 0.064, P = 0.949) affected the success rate significantly
but kids with higher birth weights had lower success rates (ß =

−1.218, SE= 0.388, z =−3.140, P = 0.002).

Visible Displacement
In sum, twenty-three kids were tested in the visible displacement
task (Figure 4D). Prenatal maternal density had no significant
effect on success rate in the visible displacement task (ß =

−0.146, SE= 0.216, z =−0.675, P = 0.450, Figure 4A). The two
sexes and kids from singleton vs. twin litters showed a similar
performance (sex: ß = −0.058, SE = 0.546, z = −0.106, P =

0.915, litter size: ß=−0.508, SE= 0.372, z =−1.365, P = 0.172;
Figures 4B,C). Maternal and kid cortisol levels and birth weight
did not affect the performance (maternal cortisol: ß = 0.319, SE
= 0.209, z = 1.526, P = 0.127, kid cortisol: ß = −0.043, SE =

0.176, z = −0.244, P = 0.808, weight: ß = −0.263, SE = 0.223, z
=−1.178, P = 0.239).

Invisible Displacement
Sixteen kids participated in Invisible displacement tasks
(Figure 5D). There was no effect of prenatal maternal density on
performance (ß = −0.514, SE = 0.378, z = −1.359, P = 0.174,
Table 2, Figure 5A). Males had a higher success rate compared
to females (ß = −1.736, SE = 0.766, z = −2.265, P = 0.024,
Table 2, Figure 5B) and singleton kids performed better than
kids from twin litters (ß = −1.110, SE = 0.566, z = −1.961, P
= 0.050, Table 2, Figure 5C). A higher level of maternal cortisol
level was associated with a higher success rate at this stage (ß =

0.677, SE = 0.325, z = 2.082, P = 0.037). Kid cortisol level or
birth weight did not have any significant effect on success rate
in the invisible displacement task (kid cortisol: ß = 0.321, SE
= 0.235, z = 1.363, P = 0.173, birth weight: ß = −0.202, SE =

0.338, z =−0.597, P = 0.550).

DISCUSSION

The adult goats (mothers of the test kids in the present study)
kept in the high density showed more agonistic (offensive and
defensive) and slightly less socio-positive interactions compared
to goats kept in the low density in a previous study (38).
Interestingly, blood cortisol levels of the mothers were found to
be comparable in the different density treatments in our earlier
study (38), possibly indicating individual variation in line with
individual responses to the varying space allowance or other
factors. Kids of these mothers were the subjects of the present
study. However, contrary to what was predicted, the applied
prenatal density treatment as an expected cause of prenatal stress
did not affect the performance of the kids at any level of the
cognitive tasks.

Although maternal space allowance, per se, had no effect,
kids whose mothers had higher cortisol values during pregnancy
performed better in the Invisible displacement search task. Goat
kids were subjected to three different tasks. In the Visible
displacement task with early search, kids could initiate searching
behavior when the target object was only partly hidden and
partly seen. At this stage, simply following the trajectory of the
object is enough to be successful and no memory is required.
At the next stage, during the Visible displacement task, kids
were restrained for a longer time and could begin to approach
only when the target object was no longer visible. In this task,
although some level of working memory is required, subjects
approaching the place where the target disappeared could easily
find the target. In the Invisible displacement task, however, the
target disappeared at first behind an occluding barrier andmoved
further in occlusion to its final destination. To be successful

Frontiers in Veterinary Science | www.frontiersin.org February 2019 | Volume 6 | Article 2167

https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org
https://www.frontiersin.org/journals/veterinary-science#articles


Vas et al. Search Behavior in Goat Kids

FIGURE 4 | Success rates of kids in the Visible displacement task. Success rates (number of successful choices divided by number of trials when a choice was

made) in the Visible displacement task (mean ± SE) by treatment (A), sex (B), and litter size (C). The position of the bucket at the start of each trial (S), the release of

the test kid (R) and in the final position (F) in the Visible displacement task (D). There was no difference between groups at P < 0.05 level. Size of dots refer to number

of overlapping data points.

in this task, kids had to follow the trajectory of the movement
further compared to where the target disappeared from view.
This stage is regarded as the most cognitively demanding in our
setting because of the longer time gap between the last point at
which the target is seen and the initiation of movement as well as
the longer distance between the last point at which the target is
visible and its final location.

There are several possible factors which can, to some degree,
explain individual variations in cognitive skills. Prenatal stress,
stress experienced by pregnant mother during pregnancy, and its
effect on offspring are understudied and the results, mainly in
rats, are complex. Different kinds of prenatal stress were found
to increase [e.g., (74)] or, in the majority of studies, decrease
cognitive performance in the offspring [e.g., (49, 51, 75–78)]. The
significance of the effect also depends on the type of cognitive
skill and the specific methods applied to evaluate it (79). An
intense, long-lasting prenatal stress in the period of pregnancy
when the HPA axis is developing (timing depending on species)
is hypothesized to impair cognitive development and skills in
the offspring [for reviews in humans see (80–84), reviews in
animals e.g., (14–16, 85)]. At the same time, prenatal maternal
stress was found to facilitate development of cognitive skills in
some studies. For instance, language skills were improved in
prenatally stressed 11 years old girls compared to non-stressed
girls (86). Improved cognitive skills were also found in children
exposed to stress prenatally in another human study (87). The
explanation for these contradictory effects of prenatal stress most

likely lies in the timing of the stressor as mid-gestational stress
was associated with improved learning in two studies on male rat
offspring (88, 89).

The findings of no effect of density but a link to maternal
cortisol suggest that prenatally elevated maternal cortisol levels
could lead to enhanced cognitive skills in goat kids. The
interpretation of blood serum cortisol level as indicator of
stress has to be done with caution due to multiple factors
affecting corticosteroide levels (90). Still, it is often used as
indicator of acute or chronic stress in animals under experimental
conditions, where experimental setup (e.g., multiple sampling)
and animal management (e.g., strict feeding regimes) can control
for some of the possible environmental (e.g., feeding time)
and animal-related (e.g., species, breed, lactation status, age of
animals) factors leading to variation in corticosteroide levels.
Producing offspring with better cognitive abilities in challenging,
moderately stressful, and unpredictable environments may be
adaptive from an evolutionary point of view as the offspring may
be more capable of handling cognitive challenges. Furthermore,
the inconsistency in our results regarding treatment andmaternal
cortisol suggests that individual stress in pregnant goats may
be indicated more directly by maternal cortisol levels than
space allowance measured at group level. The applied animal
densities in this study were in range of the common practice
in Norway and complied with space allowance regulations of
goats kept indoors within the European Union. The experimental
densities were aimed to model commercial conditions and
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FIGURE 5 | Success rates of kids in the Invisible displacement task. Success rates (number of successful choices divided by number of trials when a choice was

made) in the Invisible displacement task (mean ± SE) by treatment (A), sex (B), and litter size (C). The position of the bucket at the start of each trial (S), the release of

the test kid (R) and in the final position (F) in the Invisible displacement task (D). Asterisks indicate significant differences between groups (at P < 0.05 level). Size of

dots refer to number of overlapping data points.

suggested that even the highest animal density represented a
manageable, moderate stress level for goats. Similar managed
environments may impact individuals differently based on, for
instance, the group composition including behavioral profile
of group members, individual relationships, the animals’ rank
position, and coping style at least when the environment is not
too restrictive. Therefore, our findings emphasize the importance
of individual animal-based welfare indicators compared to
resource-based measures.

An additional cause of observable individual variations in
cognitive skills may be the sex of the animals. In our study,
males had higher success rates both at the low-level Visible
displacement with early search and at the highest level tested
in the Invisible displacement tasks compared to females, while
the performance of the two sexes was comparable in the Visible
displacement task. Males weighed more at birth compared to
females but animals with lighter birth weight performed better
in the Visible displacement with early search task. Therefore,
weight cannot be a simple explanation for the found difference
between the two sexes. We can speculate that the difference at
least in the Visible displacement with early search task, where
there was no need for high cognitive abilities, may be caused
by a stronger motivation to feed in males or higher stress levels
in females. Considering the better performance of males in the
Invisible displacement task, several studies indicate that there are
sex differences in specific aspects of cognitive skills. The presence,
absence, or direction of differences are highly dependent not

only on the skill but on the methods used to evaluate (77, 79).
Regarding cognition in goats specifically, no sex differences were
reported in adult goats learning and recalling a new object
manipulation task (21) and no differences were found between
males and females in visual discrimination and a non-associative
cognition task in another study (32). Furthermore, female and
male goat kids were equally unable to discriminate between a
familiar and an unfamiliar test kid in a social discrimination
task (29). This study may be the first reporting sex differences
in cognitive skills in goats. Here, we raise several hypotheses
for this observed sex difference, particularly in the Invisible
displacement task. First, that the observed superior performance
of males over females is a true difference in cognitive skills
in these tasks. Most of the published goat cognition studies
involve subjects from a single sex [e.g., only males (91, 92),
only females (18, 19, 23, 25, 28, 93–95)] or both sexes but their
performance is not compared (20, 21, 26, 96). In earlier object
permanence studies, no sex differences were reported to our
knowledge possibly partly because this comparison was not the
focus in the majority of studies. Second, cognitive performance
may be influenced by motivation (68). All subjects were exposed
to habituation trials to pick the highest motivated kid from twin
litters and to involve only motivated kids before the test trials.
At the same time, motivation could change from day to day
according to actual needs, for instance, depending on hunger,
thirst, tiredness, or stimuli immediately before testing. Third,
while a mild level of stress (arousal) may enhance cognitive
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performance, high levels of stress can impair attention span and
other relevant skills (40, 41). In an earlier study, female and male
goat kids of comparable age were found to have similar basal
cortisol values and responded similarly in a social test (35). A
social isolation and a social test performed on the subjects in the
present study were reported in a separate paper (29). There, males
showed lower levels of sociality (measured as approaching stimuli
kids in an unfamiliar arena) but there was no difference between
males and females in the number of vocalizations or escape
attempts made in a social isolation situation. Fourth, cognitive
impairment caused by prenatal stress can be reversed by early
postnatal environment, e.g., by secure attachment between infant
and mother in humans (76), better mothering skills in rodents
(97), or environmental enrichment in rats (98, 99). It may be
that even though males and females were exposed to a similar
amount of prenatal stress and similar postnatal environments,
the prenatal stress had different effect on cognitive skills in
females than in males. This was shown, for instance, in passive
avoidance learning of rats of mothers exposed to restraint stress
during pregnancy (77).

The blood serum cortisol level of kids at 3 weeks age collected
by venipuncture did not predict later performance of these
kids in the search tasks. A relationship was predicted, as both
blood sampling and testing procedures included handling of
the test kids and some restraint. Although blood was collected
by experienced assistants and the measurement was aimed to
indicate basal cortisol levels, we cannot exclude that the young
kids, less used to human handling reacted to the procedure
and cortisol levels were raised by the actual time of sampling.
In theory, it is possible that individuals more reactive to an
environmental stimuli (kids with higher blood cortisol values)
would be more aroused in moderately stressful situations and
this increased arousal would lead to better cognitive performance
or, if the situation causes a high stress reaction, cognitive
performance could be impaired. By the time of testing, kids
were regularly handled by the experimenters and habituation
and warm-up trials were planned to eliminate unnecessary stress.
Therefore, we assume that the stress reactivity of the goat kids
played a minimal role in successfulness in the search tasks and
this can be an explanation to the lack of relationship between
blood serum cortisol values at 3 weeks of age and cognitive
performance at 6 weeks of age.

Higher performance was shown in the Visible displacement
with early search task by kids with lower birth weight. This task
probably did not require a high level of cognitive performance
as the search behavior was initiated when the target object was
still visible for the kids. Therefore, the difference in the success
rate might be a consequence of difference in motivation or
stress level in the kids. Kids born as singleton were often found
to be heavier at birth [e.g., (88, 100–102)] and at later ages,
up to until 90 days old, than kids born in twin litters [e.g.,
(89)] but no difference was found here in birth weight between
singletons and kids born as twins similarly to an earlier study
(35). Furthermore, singleton kids gain more weight on a daily
average compared to kids from twin litters (89, 103), but to
our knowledge, there is no information about whether higher
weight gain of singletons is paralleled with higher motivation

to feed. Baxter et al. (88) report differences between singletons
and twins in frequency of sucking attempts made, singleton kids
havingmore contacts at the udder andmore unsuccessful sucking
attempts compared to twin kids. In the present study, singleton
kids performed better both in the Visible displacement with early
search task and in the Invisible displacement task. Presumably,
singleton kids may receive more nutrients [singleton lambs are
usually heavier at birth and have lower mortality rate compared
to twin lambs (104)] and maternal care from their mothers,
and these nutritional and social benefits can lead to enhanced
cognitive development. Although ewes with twin litters show
higher total maternal investment indicated by more high-pitched
vocalization (indicating anxious behavior) and more grooming
behavior (indicating better caretaking) early postnatally (104,
105), which may be comparable to goat mothers with singleton
or twin litters, the maternal effort is less then doubled leading
to lower maternal care per offspring in twin litters compared to
kids born as singleton offspring. Early postnatal environment,
and especially maternal care and maternal style has an important
effect on behavioral development in many mammalian species
and higher maternal care can facilitate stress-resilience and
cognitive skills (16, 97, 104–108).

In this study, we aimed to place emphasis on individual
differences in cognitive skills, namely search behavior in goat
kids, and to evaluate the effects of factors which can contribute
to the variation in this skill. We demonstrated variations in
search behavior at different levels in young goats, a new candidate
species for cognitive research. Goat kids were tested at a specific
age of development: 6 weeks old. In commercial herds in
Norway, kids are separated from their mothers and solid food
is introduced in an increasing amount at this age. Therefore,
motivation for exploration, neophilia, and memory and learning
skills are crucial in coping in farm conditions.

In summary, prenatal maternal animal densities did not
affect performance of 6-week-old goat kids in a search task, but
elevated maternal cortisol levels during pregnancy contributed
to better cognitive skills in the offspring. Males and kids from
singleton litters outperformed females and kids from twin litters
at higher levels of searching tasks and searched more successfully
at earlier stages.
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Delay-of-gratification paradigms, such as the famous “Marshmallow Test,” are designed

to investigate the complex cognitive concepts of self-control and impulse control in

humans and animals. Such tests determine whether a subject will demonstrate impulse

control by choosing a large, delayed reward over an immediate, but smaller reward.

Documented relationships between impulsive behavior and aggression in humans and

animals suggest important implications for farm animal husbandry and welfare, especially

in terms of inadequate social behavior, tail biting and maternal behavior. In a preliminary

study, we investigated whether the extent of impulse control would differ between

quantitatively and qualitatively different aspects of reward in pigs. Twenty female piglets

were randomly divided into two groups, with 10 piglets each. After a preference test to

determine individual reward preference among six different food items, a discrimination

test was conducted to train for successful discrimination between different amounts of

reward (one piece vs. four pieces) and different qualitative aspects of reward (highly

preferred vs. least preferred food item). Then, an increasing delay (2, 4, 8, 16, 24,

32 s) was introduced for the larger/highly preferred reward. Each piglet could choose

to get the smaller/least preferred reward immediately or to wait for the larger/highly

preferred reward. Piglets showed clear differences in their preference for food items.

Moreover, the “quality group” displayed faster learning in the discrimination test (number

of sessions until 90% of the animals completed the discrimination test: “quality group”−3

days vs. “quantity group”−5 days) and reached a higher level of impulse control in the

delay-of-gratification test compared to the “quantity group” (maximum delay that was

mastered: “quality group”−24 s vs. “quantity group”−8 s). These results demonstrate

that impulse control is present in piglets but that the opportunity to get a highly

preferred reward is more valued than the opportunity to get more of a given reward.

This outcome also underlines the crucial role of motivation in cognitive test paradigms.

Further investigations will examine whether impulse control is related to traits that are

relevant to animal husbandry and welfare.

Keywords: impulsivity, delay of gratification, delay choice task, discrimination learning, reward learning,

preference test, motivation, pigs
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INTRODUCTION

During their daily life, animals face many decisions,
including social conflict, predator avoidance, feeding and
mating. Therefore, time is a critical factor in each choice
situation, resulting in an intertemporal choice problem, e.g., fight
now and risk injury or withdraw and fight later, or, leave a food
patch now after eating a small amount of food, or stay longer to
obtain more (Stevens and Stephens, 2010, p. 361 ff.). Studies on
intertemporal choice are closely related to studies on self-control
or impulse control aimed at investigating the trade-off between
far-sighted decisions and short-term temptations (Logue, 1988;
Berns et al., 2007). Impulse control as a cognitive function is
part of the neural network of inhibitory control, which is in
turn a core element of executive functions (Diamond, 2013).
Impulse control enables behavior control as well as withstanding
internal predispositions and external temptations in order
to adopt appropriate behaviors for different situations (Bari
and Robbins, 2013). To investigate impulse control, diverse
paradigms have been used to address two different forms of
impulsivity, impulsive action (motor impulsivity) and impulsive
choice/decision-making (cognitive impulsivity; Monterosso and
Ainslie, 1999; Winstanley et al., 2006).

The main approach to studying impulsive choice uses tests
involving delay of gratification/reward, wherein subjects have
the choice between a more immediate but smaller reward and
a delayed, larger reward (Leonardi et al., 2012; Beran, 2015).
Two different types of tasks, namely, delay choice and delay
maintenance, can be used to investigate different components of
delayed gratification (Addessi et al., 2013; Paglieri et al., 2013).
Delay choice tasks are directly linked to intertemporal choice (see
above), giving the subjects the choice between a smaller, sooner
reward and a larger, delayed reward with no possibility to change
their choice (Stevens and Mühlhoff, 2012). Such intertemporal
choice or self-control tasks have been successfully used in a wide
range of species, such as insects (e.g., Cheng et al., 2002), fish (e.g.,
Mühlhoff et al., 2011), birds (e.g., Ainslie, 1974; Vick et al., 2010),
rodents (e.g., Tobin and Logue, 1994; Brunner and Hen, 1997),
and primates (e.g., Stevens et al., 2005; Rosati et al., 2007). These
studies show that in addition to humans, animals can also choose
to wait for a larger/better outcome, at least up to a certain delay.
With increasing delay, the choice of the larger/better reward
usually decreases in the form of a hyperbolic function, which
is suggested to be due to devaluation or discounting of the
reward (Reynolds et al., 2002; Madden and Bickel, 2010). Thus,
delay discounting results in mainly impulsive choices across a
wide range of species (Stevens and Stephens, 2010). The same
authors point to a critical aspect: “In an evolutionary approach,
a preference for immediate rewards appears not impulsive
but adaptive in naturally occurring behavioral situations. [. . . ]
Decision mechanisms adapted to a common foraging problem
may not work as well in an artificial laboratory situation.”
(Stevens and Stephens, 2010, p. 383). In contrast, in delay
maintenance tasks, such as the accumulation task or the exchange
task, subjects are able to take a smaller reward at any time or
can choose to wait until the delivery of the larger/better reward
(Beran, 2002; Evans and Beran, 2007; Beran et al., 2016). Studies

on sustaining the choice of a delay to reward in animals, mainly
on birds and primates, show that they are able to withstand
temptations for up to several minutes in favor of a larger or more
preferred reward (Stevens et al., 2011; Evans et al., 2012; Addessi
et al., 2013; Auersperg et al., 2013; Hillemann et al., 2014; Koepke
et al., 2015).

Many studies have investigated the features and mechanisms
of intertemporal choice and delayed gratification in terms of
species ecology and the evolution and economy of decision
making in humans and animals (e.g., Loewenstein et al., 2003;
Stevens, 2014; Beran, 2015). Several decades ago, Walter Mischel
performed studies on delay-of-gratification in children, which
later became known as the “Marshmallow Test” (Mischel et al.,
1989). The children could choose to either take onemarshmallow
immediately (small reward) or to wait for the return of the
experimenter (delay) to get two marshmallows (large reward).
Subsequent studies revealed a surprising relationship between the
degree of impulse control as a child and academic and social
competence as well as stress coping and attention abilities later in
life (Mischel et al., 2011). Several studies in humans and animals
have also suggested that individual variation in impulsivity is a
behavioral or even a personality trait (Kirkpatrick et al., 2014;
Velázquez-Sánchez et al., 2014; Ciardelli et al., 2017) that is partly
related to aggressive behavior (Brunner andHen, 1997; Cervantes
and Delville, 2007; Coppens et al., 2014) and affected by stressors
(Metcalfe and Mischel, 1999). This line of research is valuable to
be extended to a group of species, not much investigated so far,
for which cognitive research on self-control and possible links
to aggression and stress coping behavior would be beneficial in
terms of health, welfare and animal protection. In farm animals,
many problems still exist on-farm in terms of maternal behavior,
injurious behavior (e.g., aggression, tail biting, feather pecking)
and stereotypes (Keeling and Jensen, 2017). It can be noted
that, despite all the animals in a group have nearly the same
environmental conditions, not all animals show these behavioral
problems. Thus, individual variation in impulse control seems to
be a promising approach to understanding individual variation
in stress coping behavior and mechanisms that finally lead to
behavioral problems in farm animals, such as pigs.

Pigs, as omnivores, exhibit a flexible foraging ecology and
occupy a wide variety of habitats (Leaper et al., 1999). Moreover,
their brains show a developed prefrontal cortex comparable
to that of humans and non-human primates (Kornum and
Knudsen, 2011), providing them with pronounced cognitive
abilities (Zebunke et al., 2011; Marino and Colvin, 2015; Düpjan
et al., 2017). The prefrontal cortex is also linked to a capacity
for impulse control (Fuster, 2015). Thus, pigs have a certain
capacity for impulse control, which has been previously explored
in only one study (Melotti et al., 2013). In this study, the authors
investigated the behavior of pigs in a delay choice paradigm.
They found that the pigs were willing to wait for 12 to 50 s
for a larger reward. The aim of the present experiment was
to expand knowledge and to examine the effect of different
contrasts in reward (different amount [quantitative aspect] vs.
differentially preferred items [qualitative aspects]) on the level of
impulsivity/impulse control in a delay maintenance task in pigs.
This is a pilot study for a larger research project investigating
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the phenomenon of impulse control in pigs and its relationships
with personality, social behavior, emotional coping and other
cognitive capacities, as well as its possible impact on animal
husbandry and welfare.

ANIMALS, MATERIALS, AND METHODS

Ethical Statement
All animal care and experimental procedures were performed in
accordance with the German welfare requirements for farm
animals and the ASAB/ABS Guidelines for the Use of Animals
in Research (Anonymous, 2016). All experimental procedures
were approved by the Committee for Animal Use and Care of the
Ministry of Agriculture, Environment, and Consumer Protection
of the Federal State of Mecklenburg-Vorpommern, Germany
(ref. no. 7221.3-2-016/16).

Subjects and Housing
The experiment was conducted between May and July of 2016.
We used 20 female German Landrace piglets, born in April of
2016 and raised in scan farrowing pens in the experimental pig
unit of the Leibniz Institute for Farm Animal Biology (FBN),
Dummerstorf, Germany (Stabenow and Manteuffel, 2002). The
piglets were weaned at 28 days of age and transported to an
experimental room in the same unit. The piglets were randomly
divided into two groups of 10 piglets each and were moved into
adjacent pens measuring 3 × 5m. The pens contained several
nipple drinkers with water ad libitum and a trough with an
animal to feeding space ratio of 2:1. The piglets received 90% of
their recommended feeding amount divided into two portions of
45%: once around midday, after the experiment, and the rest at
∼3:30 p.m. (Lindermayer et al., 1994). This procedure was chosen
to ensure motivation for participation in the experiment due
to empty troughs in the morning. The piglets could receive the
other 10% of the recommended feeding amount by consuming
the available rewards during the experiment. The partially slatted
floor was cleaned daily and covered with a mixture of chopped
straw, wood shavings and hemp pellets. The pens each contained
four or five balls of hard rubber, fixed with metal chains and
used as environmental enrichment. At the beginning, directly
after weaning, the pens were equipped with heat lamps to help
the piglets maintain their body temperature. A few weeks later,
with rising outdoor temperatures, the heat lamps were removed.
In addition to natural daylight, the experimental room was
artificially illuminated from 7:30 a.m. to 4:00 p.m. During the
experiment, one piglet in one group was treated due to lameness,
and one piglet in the other group was treated due to reddish
urine.

Experimental Setup
The experimental pen was located near the holding pens of the
piglets so that it was not necessary to transport the piglets a long
way and isolate them socially during the individual experiments.
The experimental pen was a combination of two single pens and
measured 2 × 2m (Figure 1). Opposite to the entrance, the pen
wall was replaced by a metal grid with two openings of ∼20 cm
each (made by removing one bar in each case). The openings were

wide enough that a piglet could put its head and ears through.
The width of the openings could be adjusted for the growing
piglets bymetal bars, inserted separately, that could be fixed at the
top to prevent their removal by the piglets. The distance between
the openings was∼1m. A wooden sliding board (1.20× 0.25m)
with two metal puppy feeding dishes (diameter: 20 cm) inserted
at the level of the openings was installed behind the grid to
present the rewards [see Figure 1, see also (Nawroth et al., 2015)].
The experimenter was positioned behind the sliding board to
manually operate it. Two wooden sliding doors were attached
between the grid and the sliding board so that access to the
rewards could be regulated.With open sliding doors and a pulled-
back sliding board, the piglets could not reach the rewards.
Six different food items, differing in qualitative aspects (i.e,
visual and olfactory cues), were used during the experiment as
potential rewards: standard food pellets, uncooked pasta (Penne),
chocolate M&M’s R©, pieces of fresh apple (Jonagold), pieces of
cheese (young Gouda) and chicken sausage.

Experimental Procedure
One experimenter managed the experimental protocol weekdays
between 8 and 11:30 a.m. All the piglets were individually
marked. The animals of one group (“quantity”) started all
the tests first, followed by the animals in the other group
(“quality”). Within each group, the order of the piglets was
pseudorandomized for each session.

Habituation
The experimental procedure started 4 days after weaning with a
stepwise habituation of the piglets to the experimental pen, the
experimental setup and the food rewards. For this purpose, the
experimenter was present, the sliding doors opened, the sliding
board was fixed toward the grid and the dishes were filled with
standard food pellets (day 1–3) or a mixture of food rewards
(day 4–7). As a first step, in two sessions (day 1), five piglets
per group could explore the experimental pen for 10min. This
process was followed by two sessions per day (day 2–5), with
two piglets exploring the experimental pen for 5min. The first
session of day 6 followed the same procedure (two piglets for
5min). In the second session, each piglet could individually
explore the experimental pen for 2min, as was the procedure
for the two sessions on day 7. After each of the two sessions
per day and before regular feeding, a mixture of all the food
rewards was placed in the standard feeding troughs of both
groups to habituate the piglets to the unknown food and to
prevent potential neophobia (Roura et al., 2008). The habituation
was followed by a preference test, lasting 3 days. Thereafter,
another habituation session followed to refamiliarize the animals
with the experimental setup. Then, the function of the sliding
doors (initially closed) and the sliding board (initially pulled
back) were introduced. Each piglet completed 12 trials with one
piece of its most preferred food item as a reward in one dish. In
each trial, one of the sliding doors was opened and, when the
piglet put its head and ears through the opening (i.e., it made
a choice), the sliding board with the reward dish was pushed
toward the piglet. After the reward was consumed or after 30 s
with no choice made (timeout), the sliding door was closed, and
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FIGURE 1 | Experimental pen with the experimental setup: grating with closable openings to the reward dishes fixed in a sliding board. The experimenter was

positioned behind the grating and managed the openings and the sliding board, as well as baiting the reward dishes.

a new trial began. The order of the reward side opened to each
piglet was pseudorandomized (6× left, 6× right).

Preference Test
The preference test was adapted from Hillemann et al. (2014)
and was also performed in the experimental pen. We used two
spoons that were placed close to each other through the metal
grid to present two different food items to the piglets (one
piece of each). We used the six different food items mentioned
above (pellets, penne, M&M’s R©, apple, cheese, sausage), which
resulted in 15 test combinations of two items. Each combination
was repeated three times, for a total of 45 trials per animal (a
total of 900 trials across all animals). One session, consisting
of 15 consecutive trials, was completed per day and per piglet
so that all 15 possible food combinations were presented in
pseudorandomized order. The food item that was ingested first
was considered preferred. In cases where no choice was made by
the piglet within 30 s (timeout), the trial outcome was considered
an “omission” or refusal of both food items. By analyzing the
choices and omissions for each piglet, the most and the least
preferred food items were determined. In cases where there was
an equal preference for two or more food items (this was the case
for three piglets), we decided upon cheese, as this was among the
most highly preferred foods and seemed to be a widely desired
item. The least preferred reward was pellets and we did not
continue to use this reward in further trials, as it was difficult to
dose compared to pieces of penne or M&M’s R©.

Discrimination Test
During the discrimination test, the piglets learned to discern
differences in the reward presented on two specified sides of

the sliding board. One group received different amounts of a
reward (i.e., contrast in the quantitative aspect, one piece vs.
four pieces of the subject’s most preferred food item), and the
other group received differentially preferred rewards, referring
to qualitative aspects of reward (one piece of the most vs. one
piece of the least preferred food item). For simplicity, the groups
were further referred to as “quantity group” and “quality group.”
The rewarded side (left vs. right, larger/highly preferred vs.
smaller/least preferred) was always the same for individual piglets
and was pseudorandomized across the piglets, with an equal
distribution of side-reward property combinations (i.e., 5 × left
larger, 5 × left smaller, 5 × left highly preferred, 5 × left least
preferred). Each piglet completed one session per day, with 12
trials each, and a 30 s timeout; if the piglet refused to make a
choice within 30 s, the trial was rated as “omission.” Each trial
started with the sliding board pulled back out of reach for the
piglets, and the doors closed. After equipping both reward dishes
with the according rewards, the door(s) were opened and the
piglet was able to put its head through one of the openings. Each
session started with four forced choice trials wherein only one
of the two sliding doors was opened to ensure that the piglets
experienced the reward opportunities on both sides. First, in
two trials, the side with the larger/highly preferred reward was
opened, followed by two trials with the side with the smaller/least
preferred reward. In the following eight free choice trials, both
sliding doors were opened, giving the piglet the opportunity
to make a choice. A choice was made when the piglet put its
head and ears through the opening. In this case, the table was
immediately pushed to the piglet so that it was able to consume
the chosen reward. Thereafter, the table was pulled back, both
doors closed and a new trial began. The piglets were not able
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to consume the other, un-chosen reward, as the sliding door on
that side was closed immediately after the piglet had made its
choice. The discrimination test was performed until each piglet
passed the learning criterion, meaning it chose the larger/highly
preferred reward in at least seven of the eight free choice trials,
which corresponds to a significant preference according to the
binomial test (Melotti et al., 2013). When a piglet passed the
learning criterion, it started directly in the next session with the
delay maintenance test for impulse control.

Delay Maintenance Test
The test procedure in the delay maintenance test was nearly
the same as in the discrimination test (see above). Here, the
number of forced choice trials was decreased, whereby the
number of free choice trials was increased and an increasing
delay was introduced to the free choice trials [see (Melotti et al.,
2013)]. Thus, in the case of choosing the smaller/least preferred
reward, the table with the reward was pushed immediately to
the piglet, whereas in the case of choosing the larger/highly
preferred reward, the table was pushed to the piglet only after
a certain delay, keeping both reward options in view during
the delay. Therefore, the piglet always had the opportunity
to revise its decision during the delay and to switch to the
other side that provided an immediate reward [as examples see
Supplementary Videos for waiting (Supplementary Video 1),
immediate reward (Supplementary Video 2), and switching
(Supplementary Video 3)]. Thus, the current task is seen as a
delay maintenance task, despite the fact that the experimental
setup is similar to classical intertemporal choice tasks testing for
delay choice (Addessi et al., 2014). Again, a 30-s timeout was
used: if the piglet refused to make a choice within 30 s, the trial
was rated as “omission.”

Each session started with two forced choice trials, first opening
the side with the larger/highly preferred reward and after the
piglet’s choice (i.e., putting head and ears through the opening),
giving access to the reward only after a delay, as in the following
free choice trials. This process was followed by a one-time
opening of the side with the smaller/least preferred reward, giving
access without delay. Thereafter, there were ten free choice trials,
giving the piglet the opportunity to wait for the larger/highly
preferred reward or to choose the immediate but smaller/least
preferred reward. The delay increased in the following steps: 2 s,
4 s, 8 s, 16 s, 24 s, 32 s (40, 50 s–these steps were planned for
but not tested). Similar to the discrimination test, we used a
significant binomial test to decide whether an animal significantly
chose to wait for the larger/highly preferred reward and thus
successfully passed a delay step, meaning the piglet waited for
the larger/highly preferred reward in at least nine out of 10 free
choice trials. Consequently, the animal received the next higher
delay in the following session. We also used the binomial test to
decide whether an animal significantly failed a delay step due
to choosing the immediate reward, switching from waiting to
the immediate reward during the delay or omitting a choice
until timeout (for at least nine out of the 10 free choice trials).
Consequently, for these animals the experiment was finished.
Animals that showed indifferent behavior (i.e., no clear waiting
and no clear failing) received the same delay again in the next

session, i.e. the animals repeated the same delay step as long as
they did not reach the criteria for successful waiting (next delay
step in the following session) or significant failing (experiment
finished), respectively. The experiment was finished when all the
animals left the delay maintenance test due to significantly failing
a delay step.

Statistical Analysis
In each trial of the preference test, the animal couldmake a choice
by choosing one food item over another for ingestion, or, could
omit a choice by refusing both food items. We first calculated
the total proportion of choices and omissions with regard to the
number of total trials. The proportions of choices and omissions
of the single food items are presented for both groups as well as
for each individual.

For the discrimination test the maximum number of sessions
needed to pass the learning criterion was compared between the
groups using the Mann-Whitney test (due to the non-normal
distribution of the data).

In the delay maintenance test, we excluded subjects from the
experiment as soon as they significantly failed to wait. Therefore,
with increasing delay, we had to deal with a decreasing number
of animals. Nevertheless, to statistically compare both groups,
we first examined the total number of sessions completed by the
two groups using an unpaired t-test (after confirming normal
distribution of the data). Then, we analyzed the maximum delay
step that was successfully mastered by each individual in both
groups. Therefore, we transformed the categorical delay steps
(2, 4, 8, 16, 24, 32 s) into a continuous variable (delay step: 1,
2, 3, 4, 5, 6) and used the Mann-Whitney Test (due to non-
normal distribution of the data) to test the median scores of the
two samples for significant differences. We also categorized the
piglets’ strategies as wait (for the larger/highly preferred reward),
immediate (choosing the smaller/least preferred reward), switch
(revision of the choice from waiting to immediate reward during
the delay) and omit (making no choice within 30 s) and calculated
the proportion of trials for each strategy. The single strategies
were compared between the groups across all the trials using
an unpaired t-test (after confirming normal distribution of the
data) and, when necessary, a Welch correction due to unequal
standard deviations (this was the case for the switching strategy).
For one of the piglets from the quality group, the delay step of
4 s was accidently skipped, so that those data are missing (see
Supplementary Table 4).

All the statistical analyses were performed in GraphPad InStat
(Version 3.06, GraphPad Software, La Jolla California USA, www.
graphpad.com).

RESULTS

Preference Test
Out of 900 total trials, the piglets made 804 choices (89.3%)
and 96 omissions (10.7%, see Supplementary Table 1). The most
preferred items were apple, cheese and sausage. These items
accounted for more than 75% of the preferences (see Figure 2;
Supplementary Table 2). In total, 17 animals preferred one item
more than all the others, while three animals preferred two or
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FIGURE 2 | Percentage distribution of choices (N = 804) across the rewards

used in the preference test for all animals in both groups.

three items equally. This outcome resulted in 24 highly preferred
items (rather than 20–the number of animals): 7 × sausage,
7 × cheese, 6 × apple, 3 × M&M’s R©, 1 × penne. Roughly
summarized, the animals preferred 14× savory tastes, 9× sweet
taste, and 1 × neutral taste. The most refused items were pellets,
penne andM&M’s R©, especially in the three combinations of these
items.

Discrimination Test
The individual number of sessions needed to pass the learning
criterion varied: it ranged from 2 to 10 sessions. In both
groups, one piglet needed 10 sessions. Apart from that, the
other nine piglets of the “quantity group” needed a maximum
of five sessions to pass the learning criterion, while the other
nine piglets of the “quality group” needed a maximum of just
three sessions. On average, there was no significant difference
between the groups (“quantity group”: 3.9± 2.4 sessions, “quality
group” 3.2 ± 2.4 sessions; U = 33.0, P = 0.2, n1 = n2 = 10;
Figure 3). The proportion of omissions was quite low. During
a total of 568 free choice trials, only 22 omissions occurred
(3.9%) in just two animals (“quantity group”: animal 5, 4
omissions; “quality group”: animal 8, 18 omissions). An overview
of the individual choices (larger/highly preferred, smaller/least
preferred, omission) is given in Supplementary Table 3.

Delay Maintenance Test
The total number of sessions completed by the individual piglets
ranged from three to 13, and the total number of trials across
all the piglets was 1650. In comparing the total number of
sessions between the groups, it emerged that the “quantity group”
completed on average more sessions than the “quality group,”
but the difference was not significant (“quantity group”: 9.2 ±

FIGURE 3 | Performance of the animals in both groups (quantitative difference

in reward [amount: 1:4] vs. qualitative difference in reward [differentially

preferred items: low: high]) during the discrimination test, i.e., the number of

sessions needed to reach the learning criterion (significantly choosing the

larger/highly preferred reward). The boxplot shows the distribution of the data

from both groups with the 25, 50th (median), and 75th percentiles as gray

boxes, the 90th percentile as a whisker and black circles as outliers.

3.1 sessions, “quality group”: 7.3 ± 2.8 sessions; t18 = 1.435,
P = 0.168). The delay steps that were successfully passed by
the piglets ranged from 0 s (that is, the piglets did not even
master the first delay step of waiting 2 s for the reward) to 24 s.
The maximum delay step, mastered by two animals from the
“quantity group,” was 8 s, while two animals from the “quality
group”mastered themaximumof 24 s. Comparing themaximum
delay steps mastered between both groups showed that the
“quantity group” successfully mastered, on average, the second
delay step of 4 s (2.0 ± 0.67) and the “quality group” showed
a tendency to successfully master the next higher delay step of
8 s (3.0 ± 1.83, U = 27.0, P = 0.088, n1 = n2 = 10). Table 1
illustrates the decreasing number of animals and the decreasing
proportion of trials with waiting with each increasing delay.
The proportions of trials with choosing the immediate reward,
switching and omissions did not show a clear pattern across
the increasing delay steps. The proportions of the different
strategies shown by the piglets in relation to all the trials are
shown in Figure 4. The “quantity group” chose the immediate
reward in a significantly larger proportion of trials than did
the “quality group” (“quantity group”: 22.8 ± 8.3%, “quality
group”: 15.0 ± 6.1%; t18 = 2.392, P = 0.028). The proportion
of trials with successful waiting (“quantity group”: 58.2 ± 6.3%,
“quality group”; 64.5± 11.3%; t18 = 1.525, P = 0.145), switching
(“quantity group”: 13.2± 12.3%, “quality group”: 7.2± 5.8%; t18
= 1.41, P = 0.176) and omissions (“quantity group”: 5.8 ± 8.3%,
“quality group”: 13.4 ± 12.4%; t18 = 1.622, P = 0.122) was not
significantly different between groups. Nevertheless, numerical
differences indicate that animals of the “quantity group” were
prone to show the switching strategy, whereas animals of the
“quality group” were prone to omit any choice. However, the
high standard deviations indicate a high individual variation. An
overview of the individual choices (successful waiting, switching,
immediate reward, omission) is given in Supplementary Table 4.
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TABLE 1 | Overall performance of the animals in both groups (quantitative difference in reward [amount] vs. qualitative difference in reward [differentially preferred items])

during the delay maintenance test.

Performance/group Delay step

2 s 4 s 8 s 16 s 24 s 32 s

Quantity Quality Quantity Quality Quantity Quality Quantity Quality Quantity Quality Quantity Quality

Successful animals [n] 10 8 8 7 2 7 0 5 0 2 0 0

Waiting [% of trials] 73.21 74.21 67.74 87.78 40.00 77.78 22.86 53.85 0 48.57 0 25.71

Immediate [% of trials] 17.86 12.63 19.35 10.00 36.54 10.56 24.29 20.77 0 15.71 0 17.14

Switching [% of trials] 4.64 0 2.26 0 18.46 1.67 42.86 23.08 0 15.71 0 20.00

Omission [% of trials] 4.29 13.16 10.65 2.22 5.00 10.00 10.00 2.31 0 20.00 0 37.14

FIGURE 4 | Percentage distribution of the different behavioral strategies

during decision-making across all trials of the animals in both groups

(quantitative difference in reward [amount: 1:4] vs. qualitative difference in

reward [differentially preferred items: low: high]) during the delay maintenance

test. The boxplot shows the distribution of the data within the single strategies

with the 25, 50th (median), and 75th percentiles as gray boxes, the 90th

percentile as a whisker and black circles as outliers. The asterisk indicates a

significant difference between both groups revealed with an unpaired t-test

(* = P < 0.05).

DISCUSSION

The piglets in the current study showed individual food
preferences. While we found no influence of the type of contrast
between rewards (amount vs. differentially preferred items) on
learning in a discrimination test, the level of impulse control
varied depending on the contrast between rewards.

Preference Test
The individual preferences for potential food reward items and
the distribution of choices made across the food items were quite
heterogeneous and diverse (Figure 2). Preferences ranged from
a near equal distribution of choices across all the food items to
a sharply skewed distribution for individuals who refused half
of the food items completely. It is obvious that in cognitive
experimental setups, where motivation is crucial, the reward

type itself plays an important role. In many experiments, the
same food reward for all animals is used to standardize the
experiment. In the case of pigs, either standard food was used
after food deprivation (Dantzer et al., 1980; de Jong et al., 2000;
Elizabeth Bolhuis et al., 2004), or mostly sweet food rewards
were used, such as M&M’s R© (de Jonge et al., 2008; Gieling et al.,
2013), apple/applesauce (Douglas et al., 2012; Melotti et al., 2013;
Düpjan et al., 2017), raisins (McLeman et al., 2005; de Jonge
et al., 2008) and chocolate raisins (Bolhuis et al., 2013). In the
current study, in more than half of the choices made, a food
item with a savory taste was preferred (cheese, sausage), and in a
another third, a food item with a sweet taste was preferred (apple,
M&M’s R©). The results clearly demonstrate that in pigs, similar to
humans, tastes are quite different; consequently, the motivation
to do something to get a standardized food reward differs among
individuals. Therefore, in experiments using a food reward, it is
more appropriate to perform a preference test in advance and
to use individually preferred food items in order to attain high
motivation. However, this approach must be tested in further
experiments, to determine whether a preference for a special food
item, once developed, is stable across time in pigs.

Discrimination Test
The piglets needed 2–10 sessions (16 to 80 free choice trials) to
reach the learning criterion (significantly choose the larger/highly
preferred of two possible rewards). In the study by Melotti et al.
(2013), pigs needed on average 3.6 sessions (28.8 free choice
trials) to significantly choose the lever providing four pieces of
apple instead of one. The current study used the same learning
criterion (at least seven out of eight free choice trials = success
rate of 87.5%), and our results were in the same range (“quality
group”−3.2 sessions, 25.6 ± 19.5 free choice trials; “quantity
group”−3.9 sessions, 31.2 ± 19.0 free choice trials). In other
studies, animals needed a somewhat higher number of trials for
successful discrimination, e.g., domestic chickens needed 32 ±

9 to 64 ± 55 trials to discriminate between a rewarded and a
non-rewarded object (Croney et al., 2007), and domestic horses
took 50.9 ± 10.3 to 74.6 ± 20.4 trials to choose the reward
from three patterned cards (Mader and Price, 1980). In those
studies, animals had a choice between a reward and no reward,
which should have facilitated discrimination learning; however
the rewards were not visible and were coded with abstract
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objects, which complicated their ability to learn the relationship
between the object and the reward. In the current study, the
piglets from the group with differentially preferred rewards
were somewhat (numerically, but not statistically significantly)
faster at completing the task (Figure 3). A study in capuchin
monkeys with a reversed-reward contingency task showed that
learning the task with qualitative differences in reward seemed
to be intrinsically easier compared to quantitative differences
(Anderson et al., 2008). An additional study in capuchinmonkeys
showed that contrast in reward quality affected the animals more
than contrast in quantity (Talbot et al., 2018). Probably, one of
the reasons that affect learning speed and decision making is
that qualitative aspects of reward comprise more cues (visual,
olfactory) compared to quantitative aspects of reward (just
visual cues), which can facilitate discrimination and learning. It
should be noted that the piglets in this study were not really
hungry due to regular feeding after the experiment, and they
did not have completely empty feeding troughs in the morning
before testing. Therefore, the reward during the experiment
was more a bonus than an essential resource. Furthermore,
the contrast in qualitative aspects of reward might result in an
increased incentive and motivation compared to the contrast in
quantitative aspects (Berridge, 2009).

Delay Maintenance Test
In the delay maintenance test, the “quantity group” chose the
smaller/least preferred but immediate reward significantly more
often, showing less impulse control. This result is supported by
the lower maximum delay step of 8 s mastered by two animals of
this group compared to the maximum of 24 s achieved by two
animals of the “quality group” as well as by a higher number
of piglets choosing to wait in the “quality group” (Table 1).
Moreover, the “quantity group” completed more sessions than
the “quality group,” despite the fact that they did not reach
higher delays. This means that they completed more sessions in
the single delay steps without reaching the success criterion for
the next step or the failure criterion to finish the experiment,
i.e., they showed ambivalent behavior. This result indicates that
impulse control is partially present but that the opportunity
to get a highly preferred reward is more valued by the piglets
than the opportunity to get more of a given reward (Hillemann
et al., 2014). Additionally, in other species, the importance or
incentive value of more preferred rewards has been shown to
be higher compared to a higher amount of reward; therefore,
the incentive/motivation to wait is higher [corvids: Dufour et al.
(2012); Wascher et al. (2012), cockatoos: Auersperg et al. (2013),
parrots: Koepke et al. (2015), capuchins: Drapier et al. (2005),
dogs: Brucks et al. (2017)] or the discounting of the reward value
with increasing delay is lower (Monterosso and Ainslie, 1999).
Hillemann et al. (2014) also stated that corvids waited more often
when the difference in the preference of the reward was more
pronounced (e.g., low-mid vs. low-high). In the current study,
rewards which were least preferred were used as contrast to the
highly preferred reward, and the results show that the animals
were prone to omit any choice with increasing delay, probably
due to the low hedonic value of the immediate reward (Berridge,
2009). It has to be taken into account that the piglets (similar to

the majority of animals in such tests) were not food-deprived and
that they did not incur any nutritional disadvantage by refusing
rewards.

With increasing delay, the animals of the “quantity group”
tended to switch to the immediate reward while waiting for the
larger reward. Melotti et al. (2013) used a delay choice setup
with a continuous increase in delay in their study, with no
possibility for the pigs to switch once a choice was made and
with no visibility of the different amounts of the rewards (i.e.,
during choice the rewards were represented by the left or right
lever, respectively). The results showed that the pigs were able
to wait for 12–50 s, tolerating considerably higher delays than
were achieved in our study (0–24 s). In contrast to Melotti et al.
(2013), our study used a delay maintenance paradigm, giving the
pigs the opportunity to switch to the immediate reward at any
time, with visible rewards that differed in quantitative aspects
(amount) as well as qualitative aspects (preference). With regard
to the quantitative aspect of the reward, from reversed reward
contingency tasks in primates, it is known that the prepotent
impulse to choose a higher over a lower quantity leads to a
widespread failure of these animals in this task (Vlamings et al.,
2006; Anderson et al., 2008). The same “go for more” effect could
be demonstrated in a hybrid delay task showing that monkeys,
after initially choosing the larger/later option (delay choice task),
were not able to wait until the delivery of the complete reward
(delay maintenance/accumulation task; Paglieri et al., 2013). This
demonstrates that delay choice and delay maintenance tasks
are not equivalent (Addessi et al., 2013). With regard to the
visibility aspect of the reward, the performance of primates in
the reversed reward contingency task is enhanced when the
rewards were covered with colored lids (Vlamings et al., 2006) or
were represented by symbols (Addessi and Rossi, 2011). In delay
choice tasks, the monkeys more often chose the smaller/sooner
option when rewards were represented by symbols or were
covered (Genty et al., 2012; Addessi et al., 2014). These results
demonstrate that non-visibility of the rewards can override the
“go for more” impulse. With regard to the qualitative aspect of
the reward, in reversed reward contingency tasks, performance
increased when rewards were used that differed in preference
(Anderson et al., 2008). In two separate self-control exchange
tasks in which animals needed to exchange a less-preferred
reward to obtain a more-preferred reward, both chimpanzees
(Beran et al., 2016) and capuchin monkeys (Parrish et al., 2018)
were more successful on trials with differences in qualitative
aspects vs. differences in quantitative aspects of the reward.
Finally, in delay-of-gratification tests in pigeons and children,
the capacity for impulse control was higher when the rewards
were not visible and differed in qualitative aspects (Mischel,
1974; Grosch and Neuringer, 1981). Thus, in the current study,
choosing a visible, quantitatively larger (but delayed) reward
first (before switching to the smaller immediate reward) rather
reflects the initial impulsive choice of “go for more” and not
necessarily the intentional choice to wait and therefore may
not demonstrate real impulse control in view of a temptation
(Addessi et al., 2013; Hillemann et al., 2014). Furthermore, we
used a discontinuous increase in delay, i.e., the delay increased
only when the individual animal significantly chose to wait,
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which resulted in a repeated presentation of the same delay.
Maybe these effects, i.e., the “go for more” choice with no
opportunity of modification and the continuous increase in delay
until a stop criterion was reached, led to increased delays for the
pigs in the study by Melotti et al. (2013).

According to optimal foraging theory (Charnov, 1976;
Stephens and Krebs, 1986; Herrnstein et al., 2000), gain rate
(i.e., amount of food/energy intake per unit of time) plays an
important role in decision making in inter-temporal choice tasks.
Thus, in addition to the quantity of the reward and the delay
until delivery of the reward, handling/manipulation time and
the duration of inter-trial intervals also matter in choice tasks
(Izawa et al., 2003; Aoki et al., 2006; Matsushima et al., 2008).
However, we did not control for or manipulate the handling
time of the different food amounts, e.g., by making the smaller
reward harder accessible (Held et al., 2005). Handling time,
regarded as the time the pigs needed to consume the whole
amount of food, was difficult to determine exactly. The current
setup did not allow us to see when all pieces were consumed,
while pigs also tended to further interact with an empty dish.
This led to a large inter- as well as intra-individual variability in
handling time, independent of the amount of reward. The best
strategy for the pigs to maximize profitability, i.e., gain per time
(delay + handling), would have been to keep the handling time
as short as possible. But the large variability in handling time
shows that gain rate maximization seemed not to be the main
motivation. Possible factors that contributed to this variability
could be intra-individual differences to obtain food, e.g., due
to our lack of control on the food intake that each subject had
prior to testing, as well as inter-individual differences in foraging
behavior (Bolnick et al., 2003). Additionally, our current study
design did not allow varying the inter-trial interval, e.g., by trial-
specifically adjusting the total trial length. In a recent review,
Sjoberg and Johansen (2018) argue that in several studies on
delay discounting the delay plays a pivotal role, while the inter-
trial interval had little or no effect on choice. Nevertheless, we
cannot completely exclude that our results are confounded by
other variables like inter-trial interval and handling time. This has
to be investigated in further studies specially designed to answer
the question on which factors contribute to pigs’ choices in delay
of gratification tasks.

Compared to several other species, which are able to wait
several minutes [primates: Beran et al. (1999), corvids: Hillemann
et al. (2014), dogs: Leonardi et al. (2012)] or up to weeks and
months [humans: Frederick et al. (2002)], piglets achieved a
relatively low level of impulse control, which is also common in
several other species [see Figure 13.6. in Stevens and Stephens
(2010, p. 380)]. The reasons for these species differences in
impulse control, as discussed in Stevens and Stephens (2010),
are the structure of the natural habitat (i.e., rich vs. poor) and
the domain of selection (i.e., the natural foraging environment
including feeding ecology and social competition; Stevens, 2014).
Unfortunately, no studies exist that directly investigate the
impulse control capacity of wild boar or other wild pig species,
especially in terms of economic decision making. Only one study
describes a coincidental but locally restricted observation of
wild boar washing soiled food in a zoo (Sommer et al., 2016).

The authors argued that the capacity of delaying gratification
could have facilitated this behavior. However, Korte et al. (2009)
presented a framework discussing the effects of artificial selection
of production traits in farm animals with regards to their
metabolism, hormone and brain physiology and, consequently,
their behavior. The comparably low impulse control of piglets
could reflect the “hawk behavioral strategy,” which, accompanied
by active, aggressive and bold behavior, increases vulnerability to
injurious behavior and stereotypes, such as tail biting. Despite
this, and similar to other non-domesticated species, pigs showed
considerable individual differences in their impulse control
capacity. Two factors that could contribute to this high inter-
individual variation are diverging social behavior and personality
traits. For example, within the scope of “social foraging theory,”
individuals can adapt different foraging strategies (e.g., producer,
scrounger) and therefore could show differences in impulse
control depending on their position within the social network
(Giraldeau and Dubois, 2008). Moreover, individuals possess
different personalities that are shaped by evolution and ecology
(Dingemanse and Wolf, 2010; Réale et al., 2010). For example,
within the scope of “coping theory” individuals can adapt to be
more active or passive in the face of challenges and thus may
also show differences in impulse control (Lazarus, 1993; Zebunke
et al., 2015, 2017). This is a starting point for further studies
investigating the relationships between impulse control and
personality as well as social behavior traits. Moreover, especially
in light of field applications, individual differences in impulse
control could also play a role in the problematic behaviors
that emerge in intensive housing conditions due to stressful
conditions, such as injurious behavior (e.g., aggression, tail
biting) and stereotypes. Further knowledge about the features,
mechanisms and relationships of impulse control to other traits
could help to find approaches that increase farm animal welfare.

CONCLUSION

The results of the current study show that in studies that
rely on the motivation of the participating subjects, care must
be taken in reward selection, which makes a preliminary
preference test useful. Similar to other species, pigs showed
higher impulse control when the reward differed in qualitative
aspects rather than quantitative aspects. The inter-individual
variance in impulse control measured in this study could
be seen as a starting point for future studies aimed at the
understanding of the relevance of impulse control in farmed
species in the context of animal welfare. Broader knowledge
regarding impulse control could help to assess the reaction of
the animals to differentially available resources and to adapt
husbandry practices to species/breed specific demands and
individual differences in this behavioral aspect.
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Supplementary Table 1 | Overview of the omissions during the preference test:

percentage of omissions with regard to the number of total trials (N = 45) per

animal, percentage of items refused by the individual animals (group = “quantity”

[amount: 1:4], “quality” [differentially preferred items: low:high]; animal = 1-10) from

both groups (group = “quantity” [amount: 1:4], “quality” [differentially preferred

items: low : high]; animal = all) as well as in total (group = all, animal = all).

Averaged values within the groups and across both groups are highlighted in bold.

Supplementary Table 2 | Overview of the choices during the preference test:

percentage of choices made with regard to the number of total trials (N = 45) per

animal, percentage of items chosen by individual animals (group = “quantity”

[amount: 1:4], “quality” [differentially preferred items: low:high]; animal = 1-10)

from both groups (group = “quantity” [amount: 1:4], “quality” [differentially

preferred items: low:high]; animal = all) as well as in total (group = all, animal = all).

Averaged values within the groups and across both groups are highlighted in bold.

Individual, highly preferred items are highlighted in bold and italicized. The food

items chosen as individual rewards for the following tests are underlined. For the

group with qualitative differences in reward (“group quality,” differentially preferred

items: low:high), the individual food items used as the least preferred reward are

marked as crossed-out characters.

Supplementary Table 3 | Overview of the performance of each pig during the

discrimination test over the course of the sessions for both groups (“quantity”:

with a quantitative difference in reward, i.e., 1 vs. 4 pieces of the most preferred

reward; “quality”: with a qualitative difference in reward, i.e., 1 piece of the most

preferred vs. 1 piece of the least preferred reward). Each symbol indicates a

decision during a trial: black circle = choice of the larger/highly preferred reward;

white circle = choice of the smaller/least preferred reward; - = omission.

Supplementary Table 4 | Overview of the performance of single pigs in the two

groups (“quantity”: with a quantitative difference in reward, i.e., 1 vs. 4 pieces of

the most preferred reward; “quality”: with a qualitative difference in reward, i.e., 1

piece of the most preferred vs. 1 piece of the least preferred reward) during the

course of the delay maintenance test with increasing delays (2 s, 4 s, 8 s, 16 s,

24 s, 32 s) to the larger/highly preferred reward. Each symbol indicates a decision

during a trial: black circle = successful waiting for the larger/highly preferred

reward;
⋂

= switching, i.e., first choosing to wait, but switching to the immediate

reward before the end of the delay; white circle = choosing the immediate

smaller/least preferred reward; - = omission. The rows within each individual

indicate repeated sessions within one delay step due to not reaching the learning

criterion (significant binomial testing of successful against unsuccessful waiting,

i.e., switching, immediate, omission).

Supplementary Video 1 | Video sample of a pig of the “quantity group” (amount:

left = 1 piece vs. right = 4 pieces) choosing to wait a delay of 8 s for the larger

reward (right side).

Supplementary Video 2 | Video sample of a pig of the “quantity group” (amount:

left = 1 piece vs. right = 4 pieces) choosing the small, immediate reward (left side).

Supplementary Video 3 | Video sample of a pig of the “quantity group” (amount:

left = 1 piece vs. right = 4 pieces) switching from the larger (right side) to the

smaller reward (left side) during the delay of 8 s.
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The intense selection of chickens for production traits, such as egg laying, is thought
to cause undesirable side effects and changes in behavior. Trade-offs resulting from
energy expenditure in productivity may influence other traits: in order to sustain energetic
costs for high egg production, energy expenditure may be redirected away from specific
behavioral traits. For example, such energetic trade-offs may change the hens’ cognitive
abilities. Therefore, we hypothesized highly productive laying hens to show reduced
learning performance in comparison to moderate productive lines. We examined the
learning ability of four chicken lines that differed in laying performance (200 versus 300
eggs/year) and phylogenetic origin (brown/white layer; respectively, within performance).
In total 61 hens were tested in semi-automated Skinner boxes in a three-phase learning
paradigm (initial learning, reversal learning, extinction). To measure the hens’ learning
performance within each phase, we compared the number of active decisions needed
to fulfill a learning criteria (80% correct choices for learning, 70% no responses at
extinction) using linear models. Differences between the proportions of hens per line that
reached criterion on each phase of the learning tasks were analyzed by using a Kaplan–
Meier (KM) survival analysis. A greater proportion of high productive hens achieved
the learning criteria on each phase compared to less productive hens (Chi23 = 8.25,
p = 0.041). Furthermore, high productive hens accomplished the learning criteria after
fewer active decisions in the initial phase (p = 0.012) and in extinction (p = 0.004)
compared to the less selected lines. Phylogenetic origin was associated with differences
in learning in extinction. Our results contradict our hypothesis and indicate that the
selection for productivity traits has led to changes in learning behavior and the high
productive laying hens possessed a better learning strategy compared to moderate
productive hens in a feeding-rewarding context. This better performance may be a
response to constraints resulting from high selection as it may enable these hens to
efficiently acquire additional energy resources. Underlying mechanisms for this may be
directly related to differences in neuronal structure or indirectly to foraging strategies and
changes in personality traits such as fearfulness and sociality.
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INTRODUCTION

Domestication, a process whereby an animal is shaped genetically
and phenotypically while living under human supervision (Price,
1999; Jensen, 2006), led to immense but similarly directed
phenotypical and behavioral changes of animals, the so-called
domesticated phenotype (Jensen, 2014). More recently, intense
selection for productivity traits of domesticated livestock animals
has led to additional phenotypic and behavioral changes, which
are considered to have potential negative effects on animal
welfare (Rauw et al., 1998).

The modern chicken, Gallus gallus domesticus, is a good
example for this process, as its behavior has been influenced
and shaped by domestication and later on by selection for
productivity traits (Hale, 1962; Price, 1998; Schütz and Jensen,
2001). Their domestication was not a linear process and occurred
several times at different places in the world (Wood-Gush,
1959; Lyimo et al., 2014; Woldekiros and D’Andrea, 2017),
leading to phylogenetic variation in layer chickens with strain-
specific features (de Haas et al., 2013; Lyimo et al., 2014). Still,
all domesticated chickens share, to a certain degree, similar
phenotypical and behavioral modifications in comparison to the
ancestral red jungle fowl (Jensen, 2006).

Modern layer breeds still do exhibit mostly the same behavior
repertoire as the red jungle fowl, but with changed frequencies
and/or intensities (Hale, 1962; Price, 1998; Schütz and Jensen,
2001; Jensen, 2006). Further, selection of domestic hens for
increased productivity traits, such as egg laying, may have
led to additional modification of specific behavioral traits, like
reduced aggression or sociality (Schütz and Jensen, 2001; Schütz
et al., 2001; Väisänen and Jensen, 2003; Lindqvist and Jensen,
2009).

Chickens are known to possess a complex behavioral
repertoire, including sophisticated cognitive abilities (Krause
et al., 2006; Nicol, 2015; Marino, 2017; Garnham and Løvlie,
2018). Like other animals, they use learning as a key mechanism
to adapt to their physical and social environment (Jensen,
2006). This appears first directly after hatching with remarkable
filial imprinting (Bolhuis, 1991) and continues throughout life,
for example, in foraging contexts, where chickens learn to
orientate, (re)locate specific food resources, or can be trained
in artificial situations to use operant feeders (Nicol, 2015).
Understanding the cognitive abilities of chickens and other
livestock animals can have crucial impact on their husbandry and
production and thus on their welfare (Nicol, 1996; Abeyesinghe
et al., 2005; Smith and Johnson, 2012). As humans tend to
expect animals with greater cognitive similarities to humans
to be more likely to suffer (Serpell, 2004; Smith and Johnson,
2012), which is, from a scientific perspective, not reasonable
(Dawkins, 2001). However, as domestication and selection have
influenced particular behavioral traits, the contingent question
arises, whether the cognitive abilities of domesticated and
selected animals have been influenced and altered as well. In
chickens, Lindqvist and Jensen (2009) have shown that the
domesticated, high selected White Leghorn chickens (males and
females) perform worse in a spatial learning task, compared
to the ancestral red jungle fowl. However, it is difficult to

say, whether the observed differences were related to the
phylogenetic origin of the chickens, effects of domestication or
effects of selection for productivity traits (see also Schütz et al.,
2001).

An underlying mechanism, which could cause behavioral
changes as reduced learning abilities in highly selected animals
could be productivity-induced trade-offs, which are also
predicted by the resource allocation theory (Beilharz et al., 1993;
Mignon-Grasteau et al., 2005). Evolutionary adaptation should
have resulted in an optimal energy allocation between self-
preservation and reproductive processes in order to maximize
evolutionary fitness in wild animals, like the red jungle fowl.
Schütz and Jensen (2001) have hypothesized that modern
layers, in contrast, may have shifted more of their energy
resources toward reproduction, e.g., increased egg yield, which
could lead to trade-offs represented in the behavior of the
chickens.

It seems to be reasonable to assume that trade-offs might have
occurred, as egg productivity increased over the last decades in
layer hybrids by about 1% per year, which equates to about two
additional eggs per year (Flock and Heil, 2002; McKay, 2008).
Annual egg production of laying hens was at about 150 eggs in
the 1940s (Klauder, 1948), whereas today, annual egg production
is about 300. Layers of both white and brown lines produce more
than 300 eggs/year with a very high feed conversion efficiency
(Lieboldt et al., 2015a). Neuronal processes are metabolically
particular costly (Brady et al., 2011; Bullmore and Sporns, 2012;
Kuzawa et al., 2014), which led us to the assumption that trade-
offs in cognitive skills are likely to have taken place in response
to the increased egg yield (Van der Waaij, 2004; Mirkena et al.,
2010).

Thus, our aim in this study was to determine whether intensive
selection of domesticated layer lines for high egg yields has
altered their cognitive skills. Hence, we focus, as a proxy for
these skills, on the learning abilities and the flexibility in learning.
We tested hens of four domesticated chicken lines in an operant
conditioning task, consisting of (i) discrimination learning, (ii) a
reversal learning, followed by (iii) an extinction procedure.

The four laying lines we tested, varied, using a crossed
design, in their level of egg yield and their phylogenetic
origin (white versus brown shell layers). Thus, two laying lines
were high productive: WLA (originating from White Leghorn,
325 eggs/year) and BLA (originating from Rode Island, 310
eggs/year). The two others were moderate productive lines:
R11 (originating from White Leghorn, 200 eggs/year) and L68
(originating from New Hampshire, 205 eggs/year). Growth
rates, feed conversion rates, productivity, and other relevant
physiological characteristics of this lines have been described in
great detail in previous studies (Granevitze et al., 2009; Lieboldt
et al., 2015a,b, 2016; Polasky et al., 2016; Höhne et al., 2017).
For example, is the daily feed intake per mass of hens 68.73 g
food/kg for WLA, 62.61 g/kg for BLA and lower for the moderate
productive lines with 51.98 g/kg for L68 and 58.37 g/kg for
R11 (Lieboldt et al., 2015a). According to those performance
data, both high productive lines are similar to each other, as
well as both moderate productive lines. A specific phylogenetic
characteristic is that both brown layer lines, i.e., BLA and
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L68, are heavier than both white layer lines (Lieboldt et al.,
2015a).

We expected that if cognitive abilities of the hens have been
altered in response to the selection for productivity, the two
high productive lines should behave similarly regardless of their
different phylogenetic background and that the same should be
true for the two moderate productive lines. Furthermore, we
assume resource trade-offs to appear and therefore that hens
of high productive laying lines would possess reduced learning
performances, indicated by reduced learning abilities and slower
flexibility, compared to hens with a lower level of egg yield.

MATERIALS AND METHODS

Animals and Housing
We used hens of four purebred layer lines (Gallus gallus
domesticus) differing in two dimensions in a crossed two by two
design: (i) egg laying performance: high annual egg laying rate of
approximately 310 eggs/year and moderate annual egg laying rate
of approximately 200 eggs/year and (ii) phylogenetic origin: white
layers that lay eggs with white shells and brown layers (Lieboldt
et al., 2015b). The two lines with high annual egg performance
are the WLA (high egg laying performance and white layer) and
the BLA (high egg laying performance and brown layer). Both
are originating from Lohmann Tierzucht GmbH. The two lines
with moderate egg laying performance are the R11 (moderate
egg laying performance and white layer) and L68 (moderate
egg laying performance and brown layer). These lines originated
from resource populations at the Institute of Farm Animal
Genetics, Friedrich-Loeffler-Institut (FLI), Mariensee, Germany.
R11 has been kept at the FLI since the 1960s (Hartmann,
1987), and L68 was bred in the 1970s (VEG Vogelsang, Lieboldt
et al., 2015b). The two white layer lines, WLA and R11, are
of White Leghorn origin and cluster phylogenetically close
together (Granevitze et al., 2009; Lyimo et al., 2014), but they are
genetically distant from the two brown layers. Also both brown
layer lines, BLA and L68, cluster genetically close together (Lyimo
et al., 2014). BLA originates from Rhode Island, whereas L68
originates from New Hampshire (model described in Granevitze
et al., 2009; Lieboldt et al., 2015a,b, 2016; Polasky et al., 2016;
Höhne et al., 2017; Krause and Schrader, 2018). Chickens from
all four lines were incubated and hatched simultaneously at
the Institute of Animal Welfare and Animal Husbandry, FLI,
Celle, Germany. At hatching, each chick was equipped with an
individually numbered wing-tag for identification. All chicks
were raised together and under identical conditions until the
16th week of age. Thereafter, the hens were kept in four adjacent
compartments in a stable, separated by line, with 4 m2 floor area
each. Here, the hens had access to group nests, perches, litter,
pecking blocks and an additional sand tank for dustbathing. In
their home compartments, the hens had ad libitum access to
water and standard commercial layer food. The light–dark cycle
was set to 14 L:10 D. For this experiment, we used a total of 61
hens (BLA: n = 17, L68: n = 18, WLA: n = 13, and R11: n = 13),
that were 45 weeks old at the beginning of the experiment, thus
in the laying period.

Experimental Setup
The whole experiment, i.e., habituation, screen training, and the
three learning phases, were carried out in four identical custom-
built test-boxes (Figure 1), located in an adjacent room to the
home-compartments of the hens. Each box consisted of plexiglass
walls (width, depth, height: 55 cm × 46.5 cm × 66 cm) with
a TFT monitor on one side (model DT-121-A from Distronic
(Distronic, Hochheim/Main, Germany)). The display of this
monitor (12.1 in (height × wide: 19 cm × 25 cm,) was a
SVGA 600 × 800 pixel model (LB121S02-TD01 from Philips
(Philips Deutschland GmbH, Hamburg, Germany)). Over the
monitor laid a frame (IR Touch-kit 121.-A301, Citron GmbH,
Augsburg, Germany) at a distance of 1.0 cm. This frame created
a mesh of infrared light beams across the monitor in order to
recognize pecks. When a beam was broken, e.g., when a chicken
beak pecked against the monitor, the position was recorded
by x- and y-coordinates. Underneath this set up of screen
and frame, a foldable food trough (height × wide × depth:
1.5 cm × 4 cm × 8 cm) was placed (see Figure 1). To reward a
hen, this trough could be filled with wheat grains (approximately
22 wheat grains, e.g., 2 g, per turn) by a computer controlled
disperser (model craft, RB350-600-0A101R, Conrad Electronics,
Hirschau, Germany). The time a hen was enabled to feed, in
case of a reward, could be controlled and was 5 s in the screen
training and the three learning levels. Thereafter, the trough was
automatically cleared. The amount of the food reward was higher
than the hens could eat during that time. The wheat grains were

FIGURE 1 | Schematic illustration of the test box (width, depth, height:
55 cm × 46.5 cm × 66 cm). The black touchscreen (height × wide:
19 cm × 25 cm, diagonal: 31 cm) is on the back wall, displaying two different
stimuli, the colored bars. Wheat grain rewards are delivered to a food trough
(height × wide × depth: 1.5 cm × 4 cm × 8 cm) below the screen. The walls
are made out of clear plexiglass.
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stored in a container outside the box and not visible to the tested
hens. When a food reward was delivered to the hen, a small white
LED light close to the through turned on as well. Loudspeakers
(Logitech PC stereo Z120 1.2W, Logitech Europe S.A., Lausanne,
Switzerland) were placed above the monitor in the corners of the
test-boxes, playing acoustic sound (Windows Default) when the
screen was touched. A custom-made computer program, written
in C++ (Microsoft Visual Studio, 2010) controlled the complete
electronic set up of the box, e.g., sound, light, reward delivery,
touchscreen, and monitor. For additional observation of the hens,
a video camera was installed above each learning test-box. The
hens were not able to see each other from inside the box.

Training, Testing, and Learning Criteria
In this experiment, the hens were observed in successive
habituation, screen training, and learning phases, consisting
of differential learning, reversal learning and extinction (see
Table 1). While training and testing, the hens could obtain wheat
grain rewards and had always ad libitum access to food and
water in their home compartments. Thus, the hens were not food
restricted. The protocol of training this operant conditioning task
was adapted after Mar et al. (2013). For all experimental phases,
the hens were individually taken from their home compartments
and gently placed in to the test-boxes. Each day, 4 days a week,
the hens stayed in the test box for one session to a maximum
of 20 min. The time in the box, separated from the conspecifics,
was slowly increased during the habituation phase (see Table 1).
However, if a hen participated in the experiment and made quick
decisions, it could decrease its time in the box, since each hen
was asked to make 20 decisions per session (equal 20 trials, see
Supplementary Figure S3). Alternatively, the time in the box
ended after the 20 min.

If a hen did not succeed to finish one of the screen training
levels or one of the three learning phases within 20 sessions, it was
excluded from the further experiment. To successfully finish one
of those phases, except the extinction, a hen needed 80% correct
decisions out of at least 10 decisions. This learning criteria differs

from 50% chance level and is in accordance to other learning
studies (e.g., Garner et al., 2006; Nawroth et al., 2014; Brust and
Guenther, 2015). To successfully finish the extinction, the hen
needed to demonstrate no responses in 70% of at least 10 trials.

Stimuli
The chosen stimuli, a gray circle (diameter: 2 cm, color in RGB
values: R = 224, G = 224, B = 224) for screen training and
a green bar (high × length: 10 mm × 40 mm, color in RGB
values: R = 20, G = 184, B = 29) and a red bar (high × length:
10 mm× 40 mm, color in RGB values: R = 237, G = 28, B = 36, see
Supplementary Figures S1, S2) for the three different learning
level, where presented on a black screen and were all detectable
for the hens visual physiology (Osorio et al., 1999).

Habituation and Screen Training
The habituation phase was subdivided into five sessions (Table 1).
Throughout this, the hens were slowly trained to stay calm and
separated in the test box (Figure 1) and to find the food rewards
in the trough. For this habituation phase, the test hen was placed
in the box on the first day for 5 min with ad libitum access to
wheat grains. During the 4 following days, the hen’s time in the
box increased while the access to the food reward decreased. On
the fifth day of habituation, a hen stayed 15 min in the box and
wheat grains were given though the delivery system with 5 s
feeding time (Table 1).

After that, the hens continued with the screen training
phase, which amount of sessions depended on the individual
participation of the hens. While screen training, the hens learned
to use the screen in combination with the food reward delivery
system. As a stimulus for this, we used gray circle on black
background (2 cm diameter, see Supplementary Figure S1)
presented at a randomized position on the touchscreen. The
screen training was again subdivided in tree level during which
the hens were successively trained to peck five times on the circle
in order to receive a reward (see Table 1). When a hen finished

TABLE 1 | Phases of the experiment and their specific characteristic.

Level Time Stimulus Task/reward for Learning criteria

Habituation 0 One session None Stay 5 min in the box and eat wheat grain ad libitum None

One session None Stay 10 min in the box and eat wheat grain ad libitum None

One session None stay 10 min in the box and eat wheat grain ad libitum,
turning on and off of reward delivery system

None

One session None Stay 15 min in the box and eat wheat grain only when
reward system turns on, time to eat 20 s

None

One session None Stay 15 min in the box and eat wheat grain only when
reward system turns on, time to eat 5 s

None

Screen training 1 Individual Circle Peck on circle or no peck on circle within 30 s – rewarded 80% Correct

2 Individual Circle Peck three times on circle – rewarded 80% Correct

3 Individual Circle Peck five times on circle – rewarded 80% Correct

Discrimination 4 Individual Bars Peck five times on correct symbol – rewarded 80% correct

Reversal 5 Individual Bars Peck five times on correct symbol – rewarded 80% Correct

Extinction 6 Individual Bars No response, not rewarded 70% Correct

The amount of sessions a hen needed for screen training and the learning phases depended on the individual learning behavior.
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the habituation sessions and screen training level successfully, it
was allowed to continue with the learning tasks.

Learning Tasks
Phase 1: Discrimination Learning
For the discrimination learning, the hens needed to learn to
differentiate between two simultaneously shown colored bars,
red and green (see Supplementary Material), independent of
the bars orientation. It was randomly selected, whether a hen
learned that red or green was the rewarded color. Furthermore,
the side of the screen on which the rewarded bar appeared was
randomized, to avoid side preferences (de Haas et al., 2017a,b).
Pecking on the black screen was neither rewarded nor counted
as a wrong decision. If a hen made a correct decision, thus
pecking on the correct bar, it was rewarded and allowed to feed
on wheat grains that were provided in the trough for 5 s before
the next trial appeared. Therefore, a black screen was shown
for 20 s (inter-component time) and after that, the two colored
bars appeared again with a randomized position (left or right)
and orientation (horizontal or vertical). If a hen made a wrong
decision, no reward was given, and a black screen appeared for
5 s, followed again by 20 s of inter-component time. After that,
the previous shown bars appeared at the same position again
(correction trial, see Supplementary Figure S3). Hens solved the
differential learning when they made 80% correct decisions of at
least 10 decisions.

Phase 2: Reversal Learning
When a hen entered the reversal learning phase, the initial
unrewarded color was rewarded and the initial rewarded color
was unrewarded. Everything else, e.g., inter-component time
and feeding time of the reward remained the same. The
reversal learning was successfully finished after 80% correct
decisions of at least ten decisions. This form of learning provides
two simultaneous learning tasks, and the previously learned
association needs to be deleted while a new association needs to
be learned (Coppens et al., 2010; Brust et al., 2014; Zidar et al.,
2017).

Phase 3: Extinction
In the extinction phase, no food reward was provided and the
extinction criteria was reached, when a hen did not respond to
any of the symbols on the screen in 70% of a least 10 trials. If
a hen did not peck, the symbols vanished after 20 s, followed
by an inter-component time of 20 s. If a hen pecked on one of
the symbols on the touchscreen, the black screen appeared for an
inter-component time of 20 s.

Data Analysis
In order to compare the proportion of hens per line that achieved
criterion on each phase of the screen training and learning
task, we counted the number of hens per line, which were still
participating in accordance to the above-mentioned criteria in
the test at each phase. These numbers were analyzed them by
using a Kaplan–Meier (KM) survival analysis (for criteria, see
section “Materials and Methods”).

To compare the learning performance of the hens, we analyzed
the sum of their active decisions needed, to fulfill the learning
criteria. The active decisions are the amount of correct and
wrong decisions, whereby inactive trials with no decisions
are not implicated. Throughout this, we aimed to correct for
confounding motivation since a “no decision” does not reveal
actual information about the learning process itself and might be
likely influenced by other factors. The residuals of the average
number of active decisions per phase were normal distributed
and homogeneity of the variances was given; therefore, we
analyzed the data with linear models (LMs). The two by two
designed LMs consisted of the factors: phylogeny (two levels:
white and brown layers) and productivity (two levels: high and
moderate productive hens) and their interaction. Non-significant
factors were not excluded from the model according to the
recommendation of Forstmeier and Schielzeth (2011).

The data processing was performed using a custom – written
Matlab (Matlab and Statistics Toolbox Release, 2017) script to
summarize the data per training and learning level. The data per
phase for the LMs were statistically analyzed using R 3.3.1, R Core
Team (R Core Team, 2016) and Statistica 13 (Statistica, 2015) for
the survival analysis.

Ethical Note
This study was approved by the German Lower Saxony State
Office for Consumer Protection and Food Safety (LaVes)
(# 33.19-42502-04-15/5054) and in accordance with German
regulations on Animal Welfare.

RESULTS

Success in Participating Throughout the
Test
The proportion of successful participation in the experiment
differed between the four tested lines. A greater proportion of
high productive hens, WLA and BLA, achieved the learning
criteria on the screen training and learning levels, compared to
moderate productive hens, R11 and L68 (Chi23 = 8.25, p = 0.041,
see Figure 2).

Learning Performance
The differential learning performance was significantly affected
by the different productivity levels of the hens, but not
by differences in the phylogeny (LM: factor productivity:
F1,41 = 69.63, p = 0.011; factor phylogeny: F1,41 = 2.023,
p = 0.163; interaction productivity∗phylogeny: F1,41 = 2.792,
p = 0.102; Figure 3). The extinction was significantly affected
by productivity and phylogeny (LM: factor productivity:
F1,33 = 9.543, p = 0.004; factor phylogeny: F1,33 = 8.588,
p = 0.006; interaction productivity∗phylogeny: F1,33 = 0.09,
p = 0.766; Figure 3). Thus, high productive hens, WLA and BLA,
accomplished the learning criteria after fewer active decisions in
the initial learning phase and the extinction, compared to the
moderate productive lines, R11 and L68. Furthermore, the white
hens, WLA and R11, needed less active decisions in the extinction
compared to brown layers (Figure 3).
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FIGURE 2 | Proportion of hens that successfully pass the learning tasks of
each level. A greater proportion of high productive hens, WLA and BLA,
achieved the learning criteria at the screen training and learning level,
compared to moderate productive hens, R11 and L68 (Chi23 = 8.25,
p = 0.041).

In the reversal learning, all hens needed a similar amount
of active decisions to fulfill the learning criteria (LM: factor
productivity: F1,36 = 1.924, p = 0.174; factor phylogeny:
F1,36 = 0.641, p = 0.423; interaction productivity∗phylogeny:
F1,36 = 0.028, p = 0.867; Figure 3).

DISCUSSION

We found that a higher proportion of high productive hens
achieved the learning criteria on each of the learning tasks
compared to the moderate productive hens. Furthermore, high
productive hens accomplished the learning criteria after fewer
active decisions in the initial learning and in extinction compared
to the hens of moderate productive lines. Reversal learning
requires most likely higher levels of flexibility in learning and was
solved similarly by hens from both lines and productivity levels.
Phylogenetic background was only associated with differences
in learning ability in extinction; white layer hens performed
better than the brown lines. Both the higher success of the high
productive lines in the different phases and their lower number
of active decisions required to fulfill the learning criteria in the
initial discrimination learning and extinction in this experiment
indicate that there is no trade-off between their cognitive abilities
in favor of egg laying. Rather, these hens seem to possess a more
efficient learning strategy. The fewer active decisions to learn
imply a faster association of the visual-acoustic cue with the food
reward. This is particularly interesting in extinction, where no
food is available and any activity results in additional energy
expenditure. Thus, our initial hypothesis, that high productive
laying hens would be worse in learning, caused by energy
trade-offs, cannot be proven in this experiment. The opposite

FIGURE 3 | Averaged number of active decisions (±SD) needed by hens of
the different lines, WLA, R11, BLA, and L68, to fulfill the learning criteria of
each phase. The number within each column represents the number of hens,
which participated in that phase (n). Discrimination learning was significant
affected by productivity (LM: factor productivity: F1,41 = 69.63, p = 0.011;
factor phylogeny: F1,41 = 2.023, p = 1.63; interaction productivity∗phylogeny:
F1,41 = 2.792, p = 0.102). Whereas reversal learning was more difficult for all
hens, independent of their phylogenetic background or productivity level (LM:
factor productivity: F1,36 = 1.924, p = 0.174; factor phylogeny: F1,36 = 0.641,
p = 0.423; interaction productivity∗phylogeny: F1,36 = 0.028, p = 0.867). The
average active decisions needed for the extinction level were significantly
affected by phylogenetic origin and productivity (LM: factor productivity:
F1,33 = 9.543, p = 0.004; factor phylogeny: F1,33 = 8.588, p = 0.006;
interaction productivity∗phylogeny: F1,33 = 0.09, p = 0.766).
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seems to be the case but is still highlighting that the effect of the
recent intense selection for high egg yields has altered behavior
and cognitive skills of laying hens. Speculatively, the observed
more efficient learning in the high productive hens may be a
strategy to optimize energy intake. However, direct effects of this
in high selected hens may be related to changes in the brain
structure and indirectly to changes in food motivation or changes
in personality traits.

A factor ensuring the hens to participate in the learning
tasks is the food reward, while the value of that reward may
vary between hens from the different lines. The high productive
laying hens have been shown to possess a higher energy and
nutrition demand than the moderate productive layers, due to
higher egg lay production (Lieboldt et al., 2015a). It is likely
that this has resulted in an increased food motivation. Such
an increase of food motivation has been observed in meat
chickens intensively selected for intensive body growth (Bokkers
and Koene, 2002). Thus, a higher motivation to obtain the
reward may have contributed to the observed differences in
learning ability between the productivity lines. However, it is
worth noticing that the hens in our study had ad libitum access
to food in their home pens and no food deprivation prior to
testing so motivational differences may be relatively minimized.
In addition, by analyzing the active decision, we further reduced
a possible impact of motivation. Nevertheless, it would be
interesting to rerun the experiments with another reward system
than food, e.g., social reinforces or enabling comfort behavior
like dust bathing. In order to get further information on whether
the actual egg laying directly affects the learning performance,
it would be also interesting to test the males of each line. This
would reveal further information on, whether the selection for
egg productivity selectively targets the female’s genetical makeup.

Another reward-related influence on the results may be
connected to differences in foraging strategies. Support for the
idea that foraging strategies may have changed through selection
is provided in the study by Schütz and Jensen (2001), who
compared the behavior of high productive White leghorn layer
hybrids with the red jungle fowl and the Swedish bantam chicken,
a domesticated chicken line, which, however, is not selected
for productivity. In their study, hens could either feed from
an undiluted ad libitum food source or use a bowl where they
needed to search and sort for food in wood-shavings (Schütz
and Jensen, 2001). The high productive laying hens were more
likely to eat from the undiluted food source, while the other
two lines performed more foraging behavior and fed more often
from the food source where searching and sorting was required.
A similar underlying process might contribute to our findings,
i.e., the higher number of active decisions needed to obtain a
food reward shown by the moderate productive lines. These
hens could use a more flexible foraging strategy, making them
more likely to try the unrewarded stimulus, thereby requiring
more active decisions to fulfill the learning criteria. Considering
the moderate productive laying hen, as a slightly more native
line, it can be argued that a flexible foraging strategy would
be more effective in a natural environment, where resource
patches are finite and variable. Higher flexibility provides the
opportunity to learn about possible alternative food resources

(Schütz and Jensen, 2001). High productive laying hens, arguably
more adapted to domestic environments with secure food
supplies can be more effective with a less flexible feeding strategy.
Therefore, the high productive hens may have been more focused
on exploiting one food source and may not even try other
alternatives, once a successful strategy had been developed. To
further investigate this idea, it would be also interesting to test
other rewards, as mentioned above.

An important factor, which can influence the learning abilities
of animals, is stress (Mendl, 1999). Stress can be caused by
different factors, for example, by neophobia, general fearfulness
or social stress, for e.g., caused by social isolation (Mendl et al.,
1997; Mendl, 1999; Shaw and Schmelz, 2017), in which intensity
an animal perceives or is affected by stress can also be related
to its personality traits (de Haas et al., 2017a). Personality traits,
in general, have been shown to influence learning in wild as
well as in domesticated animals (Lansade and Simon, 2010;
Guenther et al., 2014; de Haas et al., 2017a,b; Zidar et al., 2017).
Furthermore, those traits have been described in fowl (Favati
et al., 2015; Zidar et al., 2017; Dudde et al., 2018) and traits
like sociality or fearfulness show some degree of heritability
(Jensen, 2006; Garnham and Løvlie, 2018). Fearful hens, for
example, may be poorer learners than less-fearful conspecifics
(de Haas et al., 2017a,b). Further, Schütz et al. (2001) indicated
that high productive laying hens may have a lower level of social
motivation. Therefore, it is likely that in the here presented
experiment, high productive lines may experience less social
stress when separated from the flock for testing and therefore
perform better in the given task. Such a result could be shown
in goats, where individuals with a lower level of social motivation
performed better in a visual discrimination task (Nawroth et al.,
2017). In general, the here tested chicken lines could vary in their
distribution of personality types (Dudde et al., 2018). Hence, in
our learning task, phylogenetic background could have led to
associated differences in the personality between the lines, which
in turn, may have affected cognitive performance.

Nevertheless, it is possible that through the intensive selection
process, the cognitive abilities in associative learning contexts
of high productive hens have indeed improved. Underlying
neurological mechanism that might have led to such an improved
cognitive ability remains subject to speculation. Potentially, it
could be related to adaptations of the neuronal structures, like
neuronal density or lateralization, in high productive hens. Other
studies have shown that brain structures can affect cognitive
performance, e.g., the lateralization in chickens (Rogers et al.,
2004; Daisley et al., 2010). The domestication process itself had
a marked effect on the brain of domesticated animals, e.g., their
brain size decreased (Kruska and Steffen, 2013). However, brain
size itself does not correlate with cognitive function but more
likely relates to changes in neuronal perception of acoustic or
visual stimuli (Chittka and Niven, 2009). Therefore, it might be
interesting to investigate from a behavioral perspective whether
the sensitivity toward physical cues of high selected laying hens
has altered. From a neurobiological perspective, it could be
interesting to compare brain allometry, neuronal density, or
lateralization of high selected laying hens in comparison to
moderate productive lines.
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CONCLUSION

Taken together, our results demonstrate that laying hens have
good cognitive abilities, as they can learn reasonably complex
tasks. In contrast to our initial hypotheses, these abilities do not
seem to be limited by resource trade-offs, resulting from high
selected levels of egg lay capacity. Instead, it seems that the
selection for productivity traits has led to changes in learning
behavior and the high productive laying hens showed a better
learning performance compared to moderate productive hens in
a feeding-rewarding context. These higher levels of performance
may be in response to constraints imposed by high selection
pressure on productivity, resulting in more efficient strategies
to gain additional energy, which may ameliorate the trade-offs
from selection on high egg yields. Underlying mechanisms for
this may be directly related to differences in neuronal structure or
indirectly to foraging strategies and changes in personality traits
such as fearfulness and sociality.
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Valence of Facial cues influences 
sheep learning in a Visual 
Discrimination Task
Lucille G. A. Bellegarde1,2,3*, Hans W. Erhard2, Alexander Weiss3, Alain Boissy4  
and Marie J. Haskell1
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AgroParisTech, Université Paris-Saclay, Paris, France, 3 School of Philosophy, Psychology and Language Sciences,  
The University of Edinburgh, Edinburgh, Scotland, 4UMRH, INRA, Vetagro Sup, Lyon, France

Sheep are one of the most studied farm species in terms of their ability to process 
information from faces, but little is known about their face-based emotion recognition 
abilities. We investigated (a) whether sheep could use images of sheep faces taken 
in  situation of varying valence as cues in a simultaneous discrimination task and (b) 
whether the valence of the situation affects their learning performance. To accomplish 
this, we photographed faces of sheep in three situations inducing emotional states of 
neutral (ruminating in the home pen) or negative valence (social isolation or aggressive 
interaction). Sheep (n = 35) first had to learn a discrimination task with colored cards. 
Animals that reached the learning criterion (n = 16) were then presented with pairs of 
images of the face of a single individual taken in the neutral situation and in one of the 
negative situations. Finally, sheep had to generalize what they had learned to new pairs 
of images of faces taken in the same situation, but of a different conspecific. All sheep 
that learned the discrimination task with colored cards reached the learning criterion 
with images of faces. Sheep that had to associate a negative image with a food reward 
learned faster than sheep that had to associate a neutral image with a reward. With 
the exception of sheep from the aggression-rewarded group, sheep generalized this 
discrimination to images of faces of different individuals. Our results suggest that sheep 
can perceive the emotional valence displayed on faces of conspecifics and that this 
valence affects learning processes.

Keywords: sheep, faces, emotions, discrimination task, ovis aries, cognition

inTrODUcTiOn

Faces are an essential source of information for social species ranging from primates to ungulates 
such as sheep. By looking at the face of another animal, individuals can obtain information about 
identity, emotional state, sexual attraction, or gaze direction (1). Sheep are one of the most studied 
livestock species in terms of face processing and are able to discriminate between faces of at least 
50 conspecifics, and to remember these faces for up to 2  years (2). Sheep, like cattle, are also 
sensitive to social familiarity in faces and show preferences for familiar faces over unfamiliar 
ones (3, 4). Individual recognition based on faces is also stable over time in sheep; ewes trained 
to identify images of faces of 3-month-old lambs were able to discriminate the same lambs aged 
only 1 month (5).
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In animals, emotional states can be expressed through 
vocalizations (6), odors (7), posture (8), or facial expressions (9). 
Outward expressions of emotions are a way of communicating 
social information to conspecifics as well as across species, as 
highlighted in recent studies of perception of human faces by 
dogs, horses, and even giant pandas (10–12). Despite their rela-
tive lack of facial mobility or of a facial musculature as complex as 
that of non-human primates, sheep display emotional expressions 
through their faces, and especially through ear postures (13, 14). 
The role of facial features such as eyes, mouth, and cheek muscles 
have also been identified in sheep facial expressions linked to 
pain (15). Moreover, conspecifics can distinguish between facial 
displays of emotions. Indeed, when presented with images of the 
face of the same familiar conspecific taken in a stressful (isola-
tion) or in a calm situation, sheep showed a preference for the 
calm face (3).

Animals thus possess a wide variety of ways to express their 
emotions. For researchers in the field of animal welfare sci-
ence, being able to assess animals’ emotional states has been a 
major focus, moving from more traditional physiological and 
behavioral measures to the development of the cognitive bias 
tests (16). Cognitive bias refers to the influence that the valence 
of emotional states has on cognitive processes, leading to biases 
in judgment, memory, or attention (17). For instance, animals 
in negative emotional states make “pessimistic” judgments in 
judgment bias tests, while animals in positive emotional states 
show “optimistic” judgments. This method has been applied to 
several species, and has especially been used to assess the impact 
of husbandry practices on the welfare of farmed species [reviewed 
in Ref. (18)]. Most recently, judgment bias tests have even been 
extended to insects (19, 20).

The present study was part of a larger project investigating the 
potential use of images of faces of conspecifics as cues in judg-
ment bias tests with small ruminants. Its first aim was to assess 
the ability of sheep to distinguish between facial displays of dif-
ferent emotional states. To that end, we first investigated whether 
sheep could learn to use images of faces of familiar conspecifics 
displaying different emotional states as cues in a simultaneous 
discrimination task. We took photos of sheep in three situations 
(social isolation, aggressive interaction, and ruminating in the 
home pen) that are considered to induce emotional states of 
different valence. In the first phase of training, we used simple 
colored cards, to ensure sheep could learn the discrimination task 
in the experimental setup. In the second phase, sheep were trained 
with pairs of images of faces taken from the same individual but 
in two different situations.

Since most cognitive bias studies use secondary reinforcers, 
an extensive training phase is required whereby animals learn 
to associate one cue with a positive consequence and another 
cue with a negative consequence. If the valence of the emotional 
state experienced by a sheep can be perceived by conspecifics in 
images of its face, then faces would be stimuli with an inherent 
value for the other animals observing them, and thus the training 
phase would not be necessary. Hence, the second aim of this study 
was to determine whether sheep perceived the valence of the 
emotional state displayed in an image of the face of a conspecific. 
Social familiarity has been shown to influence learning speed in 

discrimination tasks, with sheep learning to discriminate faster 
between faces of a familiar breed than between faces of an unfa-
miliar breed or between symbols (21). However, little is known 
about the influence of facial expressions of different emotional 
states on the learning process in a discrimination task. We 
hypothesized that learning speed is affected by the type of images 
rewarded, i.e., that the emotional valence displayed in the image 
of a face affects learning, but that during the first training phase 
with colored cards, the type of cards rewarded would not affect 
learning speed. Presenting images of faces has been shown to 
reduce stress in sheep (22) and images of conspecifics are primary 
reinforcers, i.e., they are naturally approached by sheep (23). We 
thus predicted that learning the association between an image of a 
neutral face and a reward but also generalizing this association to 
images of faces of new familiar individuals would be easier than 
the association between the image of a stressed face and a reward.

MaTerials anD MeThODs

ethical note
All experimental procedures were approved by the Scotland’s 
Rural College (SRUC) Edinburgh Animal Ethics Committee 
(Protocol no. ED-AE-2-2014). Animals were closely monitored 
before, during, and after the study.

animals and housing
Testing took place between March and July 2014 at the SRUC 
Woodhouselee experimental farm at Easter Bush (UK). Forty 
non-pregnant female Scottish Mule sheep of 10–12  months of 
age (37.1 ± 4.8 kg) were used in this study. The sheep were born 
and reared on the experimental farm and were familiar with each 
other, having lived in the same flock for at least 6 months prior 
to the study. Four sheep (thereafter referred to as Photo Sheep) 
were pseudo-randomly selected based on body weight and had 
their faces filmed. This selection on body weight enabled us to 
select animals that were of average body weight (37.55 ± 3.6 kg). 
The positive correlation between live weight and hierarchy is well 
established in ungulates (24, 25) and choosing sheep of interme-
diate weight was done to avoid the selection of only dominant 
animals. The Photo Sheep did not take part in the discrimination 
task but were housed with the rest of the group until the end of 
the study.

All sheep were housed indoors in a straw-bedded pen 
(4 m × 12 m) for the duration of the experiment. Animals had 
ad libitum access to hay and water as their main diet. They were 
also fed a limited amount of concentrate pellets (0.5 kg per animal 
per day) after training every day and showed a high motivation to 
eat it. This allowed us to use concentrate pellets as reward in the 
tests without having to food-deprive the animals.

habituation to handling
Scottish Mules sheep are a hill breed and typically have limited 
contact with humans throughout the year. The experimental ani-
mals had little experience of human handling and living indoors, 
and therefore underwent a short phase of systematic desensitiza-
tion to facilitate handling (26), and to limit the impact of handling 
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FigUre 1 | Pairs of images obtained from four different Photo Sheep (a–D) and presented simultaneously in the maze during training and test sessions. (a,B) were 
used during training and (c,D) during tests.
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stress on responses to tests. This habituation procedure involved 
four consecutive steps that allowed the animals to gradually adapt.

First, the animals were handled in three smaller groups (two 
groups of 13 and one group of 14 sheep). A group was only moved 
to the next step once all sheep went calmly through the previous 
step. For the first step, the group was moved into a small handling 
pen with the gate open. For the second step, the group was con-
fined in a small handling pen with no human handler present. 
The third step consisted of confining the group in the same small 
handling pen, but with an experimenter standing just outside the 
pen. Finally, for the fourth step, the experimenter had to touch 
calmly every sheep within the group. Following the fourth step, 
each group of sheep was moved through raceways into 4 m × 4 m 
pen that served as the test arena. Once in the test arena, they 
remained there for 10 min and received a small amount of con-
centrate feed. This manipulation was repeated three times with 
the group size decreasing to five and then to two sheep.

images of Faces
We filmed each of the four Photo Sheep in three situations. For 
each situation, short video clips of the Photo Sheep were taken 
with an HD camcorder (Legria HFM52, Canon, Tokyo, Japan) 
and frames with a full clear frontal view of the face were extracted 
from the video clips using Pinnacle Studio 17 (Pinnacle Systems, 
2013). Then, using Adobe Photoshop CC (Adobe Systems, 2014), 
the faces were digitally cut from the frames and placed against a 
neutral beige background (RGB model: R = 217, G = 202, B = 126) 
and levels of brightness and contrast were adjusted (Figure 1).

Ruminating in the Home Pen
The Photo Sheep were filmed by a familiar experimenter while 
standing ruminating in their home pen. Rumination was con-
sidered to be a relaxed state of neutral valence and low arousal, 
similar to the one described in horses by Wathan et  al. (27). 
Rumination has also been used as an indicator of habituation to 
a stressful situation in sheep (28). Animals had their ears in the 

frontal plane, showed no flared nostrils or wide eyes and were 
looking straight at the camera (Figure 1, a-1, b-1, c-1, d-1).

Social Isolation
Each of the Photo Sheep was isolated in a small pen (4.5 m × 4.5 m) 
with solid walls (approximately 140 cm high) for 90 s. The Photo 
Sheep were only isolated once. No visual contact with conspecifics 
was allowed, but the pen was located in the same building as the 
home pen, and so auditory and olfactory contact with other sheep 
was maintained. Short video clips were recorded by two hidden 
experimenters. All animals displayed stress-related behaviors 
such as increased locomotion, high pitched vocalizations (23, 
29), and attempts to escape from the test pen (30). This situation 
was thus considered as inducing an emotional state of negative 
valence and high arousal (Figure 1, a-2, c-2).

Aggressive Interactions
A trough allowing access to concentrate feed to only one sheep at 
a time was placed in a test arena with solid walls (4.5 m × 4.5 m). 
Photo Sheep were paired for this situation and all possible pairs 
were filmed (six pairs). A given pair of Photo Sheep entered the 
test arena simultaneously and was given 2 min to interact while 
being filmed by two hidden experimenters. In each pair, both 
Photo Sheep showed agonistic behaviors such as head threats, 
head butts, or pushes (29, 31). Images of faces were created from 
faces of Photo Sheep filmed frontally and while initiating a bout of 
aggressive interaction (head threat) (Figure 1, b-2, d-2), and this 
situation was considered to have induced a negative emotional 
state of high arousal in both sheep.

Discrimination Task in a Two-armed Maze
In the simultaneous discrimination task, sheep had to learn to 
associate one cue with a food reward and a second cue with a 
negative consequence. Positive reinforcement consisted of a 
food reward, namely a small amount of concentrate pellets 
(12.5 ± 1.5 g) placed in a bucket. Positive punishment consisted of 
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FigUre 2 | Representation of the experimental setup. This includes the 
two-armed maze, the start pen and the start and return waiting pens, as well 
as the raceways connecting them. The position of the food buckets 
alternated between runs depending on which side the rewarded image was 
placed. “Side cards” and “cards” represent the cards where the cues 
displayed on the screens were repeated on laminated printed A3 sheets 
(approximately the size of the screen). The gates leading to the two arms of 
the maze could be closed remotely.

FigUre 3 | Timeline of the five consecutive phases of the study. The total number of sessions needed to reach the learning criterion varied between animals  
(noted x), for Colored Cards, x ≤ 18, for Images of faces x ≤ 15. The learning criterion (≥80% correct choices over two consecutive sessions, or ≥80% correct 
choices in two out of three consecutive sessions and ≥60% in the penultimate) was evaluated during the three last sessions of both the Colored Cards and the 
Image of faces phase, as indicated. Sessions framed by thick black lines were analyzed. During transition sessions, images of faces framed by the corresponding 
color (rewarded image = rewarded shade of green and vice versa) were presented. The final training sessions are noted Sx. H, habituation; S, training sessions;  
T, tests sessions; tr, transition sessions.
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keeping the sheep in social isolation for 60 s in the incorrect arm 
of the maze. A bucket containing pellets but closed with a mesh 
lid was also placed in the incorrect arm, so that the animal could 
see and smell but not eat the food (Figure 2). The type of cue used 
depended on the training phase. There was no previous evidence 
of sheep learning a discrimination task either in a similar setup 
or with images of faces. Consequently, if sheep had failed to learn 

the task with images of faces, it would have been impossible to 
distinguish whether this failure was due to the discrimination 
task being too complex, or because it was too difficult for the ani-
mals to process the new type of cues. Thus, before images of faces, 
simple colored cards were used as cues, to determine whether 
sheep were capable of learning the simultaneous discrimination 
task. Using cards in the first phase also allowed us to compare 
sheep’s behavioral responses when presented with neutral stimuli 
and with images of faces. The experiment was divided into five 
consecutive phases: (1) habituation to the maze, (2) training with 
colored cards, (3) transition training, (4) training with images of 
faces, and (5) tests with new images of faces (Figure 3).

Experimental Setup
The discrimination task took place in a two-armed test maze 
(4.8  m  ×  3.6  m) with solid wooden walls (Figure  2). At the 
beginning of a trial, sheep were moved from the home pen into 
a waiting pen (labeled “START,” Figure 2) which was connected 
to a start pen that gave access to the maze through a sliding door. 
A 2.5-m long wooden wall was placed at 1.9 m from the entry 
gate, with two open gates leading to the two arms of the maze. 
These gates could be closed remotely by an experimenter standing 
outside the maze once a sheep had entered one of the arms. This 
wall also supported two flat computer screens (48 cm diagonal), 
one at each end near the gates, on which the two cues were 
simultaneously displayed. The cue displayed on each screen was 
also shown twice in each corresponding arm: on a card hanging 
on the wall next to the remotely closing gate (hereafter referred to 
as side-card) and on another card placed on the rear wall of each 
arm. The area between the entry gate and the wall with the screens 
was referred to as the decision area, i.e., the area where the sheep 
had to choose between the two arms of the maze. Both arms of 
the maze had an exit door opening onto a raceway leading back 
to the “return” waiting pen that was adjacent to the home pen.

Habituation to the Experimental Setup
The habituation phase was divided into three steps over 2 days 
(Figure  3). Sheep were considered to be habituated once they 
no longer displayed a stress response while being handled or 
in the test-pen. Due to the preliminary phase of systematic 
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desensitization to human handling, habituation to the experi-
mental setup was fairly short. On the first day, the sheep visited 
the maze in randomly allocated groups of three and were allowed 
to explore it for 3 min (all gates remained open). This was repeated 
three times consecutively per triad in total. The sheep were then 
randomly split into pairs and entered the maze three times con-
secutively for 2 min. On the second day of the habituation phase, 
sheep were brought into the maze individually for 1 min. Again, 
this was repeated three times consecutively for each individual. 
One sheep had to be removed from the study at that stage due to 
health issues, and thus 35 sheep were included in the next phase 
of the experiment.

Training Phases
First Training Phase: With Colored Cards
Two shades of green differing in tone and brightness were used as 
cues for the first training phase (light: Red = 240, Green = 241, 
Blue = 223; dark: Red = 122, Green = 188, Blue = 50). Sheep can 
easily distinguish shades of green that differ only in brightness 
(32). The chosen cues also differed slightly in tone and so ensured 
that a good contrast between the two colors would be maintained 
on the screens.

For half of the tested sheep, light green was the rewarded cue 
and dark green was the punished cue. The other half of the group 
received the opposite pairings. The rewarded side alternated 
following Gellerman series (33) to prevent the sheep from place 
learning. For the first eight runs in the maze, one of the remote-
closing gates was closed prior to the sheep’s entry. This preliminary 
conditioning session forced the animal to explore each possible 
side/reward combinations and their consequences (incorrect-left, 
correct-right, incorrect-right, and correct-left) twice. Side and 
type alternated, starting with incorrect-left, so that the final run 
was forced-rewarded. These preliminary conditioning runs in the 
maze were not taken into account in the analyses.

A training session then consisted of 10 consecutive runs 
through the maze. The order of the side/reward combination also 
followed Gellerman series (33) and was changed after each ses-
sion to prevent the sheep from learning the order or developing 
a side bias. The outcome (side chosen and success or failure) was 
recorded for each run.

For the first 7 training sessions, since all 35 sheep could 
not be trained in 1  day, the group was split into two groups 
of 17 and 18 sheep. Each group went through a training ses-
sion every other day. After the seventh training session, five 
animals that had shown consistent side biases (i.e., animals 
that consistently chose the same side for every run through the 
maze) were removed from the study. As a result, all animals 
then trained every day. A sheep reached the learning criterion 
once it had reached a minimum of 80% correct responses in 
two consecutive sessions, or 80% of correct choices in two out 
of three consecutive sessions and at least 60% correct choices 
in the penultimate session (i.e., ≥80%, ≥60%, ≥80%). This is 
equivalent to a minimum of 22 correct choices out of 30 con-
secutive runs, or a minimum of 73% of correct answers across 
3 consecutive sessions. If after 18 training sessions the animals 
had still not reached the learning criterion, they were excluded 
from the next phase of the study.

Second Training Phase: With Images of Faces
In this phase of training, colors were replaced with images of the 
faces of the Photo Sheep (Figures 1A,B). A pair of cues consisted 
of two images of the same Photo Sheep: one taken in the neutral 
situation and one in one of the two negative situations (SI for 
social isolation or Aggr for aggressive interactions). To differenti-
ate the neutral image paired with SI from the neutral image paired 
with Aggr, neutral images from SI-Neutral pairs are referred to as 
NSI and neutral images from Aggr–Neutral pairs are referred to as 
NAggr. The type of rewarded image was attributed alternatively to 
each sheep that reached the learning criterion in the first phase 
(n sheep). The four types of images (SI, Aggr, NSI, and NAggr) were 
allocated so that for half of the test sheep (n/2 sheep) the correct 
cue was an image from one of the negative situations (SI, n/4; 
Aggr, n/4), and for the other half, the correct cue was an image 
from the neutral situation (NSI, n/4; NAggr, n/4). A given sheep was 
trained with images of the face of the same individual.

Each sheep went through three transition training sessions to 
facilitate the transfer of the colored card cues to the facial cues. 
For the first session (tr1, Figure 3), each face was framed by the 
color sharing the same attributes, i.e., the now rewarded face was 
framed by the color previously rewarded and vice versa. The color 
was also repeated on the side-card, and the card placed above the 
bucket in the arm was a repetition of the framed face. For the 
next two sessions (tr2 and tr3, Figure 3) the colored side-card 
was removed but the pictures were still framed in shades of green. 
These three transition training sessions were not included in the 
number of sessions needed to reach the learning criterion, as the 
aim of the experiment was to test the ability to learn to identify 
facial expressions, and not a combination of colored cards and 
expressions.

After the three transition sessions, the only cues available to 
the sheep to choose an arm of the maze were images of faces 
presented on the screens and repeated on the cards above the 
feed bucket (Figure 2). The learning criterion was the same as 
during the colored cards phase. As soon as a sheep had reached 
the learning criterion, it was moved to the test phase.

Test: Generalization to Images of New Familiar 
Individuals
The test phase consisted of two sessions of ten runs each, where 
the images presented to the test sheep were of the face of a dif-
ferent Photo Sheep. The Photo Sheep used in this test phase were 
also familiar with the test sheep, but images of their faces had 
never been presented in the maze (Figures 1C,D). The test sheep 
had to generalize the task they had learned to images of new 
familiar individuals to gain access to the food reward. The type of 
rewarded image did not change during this phase, e.g., sheep that 
had learned to associate SI images with a reward had to associate 
SI images of a new Photo Sheep with the reward.

Data collection and statistical analysis
For both training phases (colored cards and images of faces), 
learning speed, i.e., the number of sessions needed to reach the 
learning criterion, was recorded for each sheep. For every run 
of the training and test phases, the outcome (success or error), 
the time from the sheep’s entry into the maze (two front feet 
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inside the maze) to its choice (gate arm closed behind the sheep) 
were recorded (LatChoice, seconds) from video files using The 
Observer 5.0 (Noldus Information Technology, Netherlands).

All analyses with non-parametric tests were conducted in 
Minitab 17 (Minitab Inc., PA, USA). Mixed models were run in 
GenStat 16th edition (VSN International Ltd., UK). Significance 
level was set at P = 0.05.

Due to the small number of animals (16 sheep were included in 
the second training phase, four for each type of image rewarded, 
see Section “Results” for more details), the two types of negative 
images (SI and Aggr) and the two types of neutral images (NSI, 
when the second image was SI, NAggr when the second image of the 
pair was Aggr) were grouped under “negative images” and “neutral 
images,” respectively, for analysis of learning speed. The four types 
of images were not grouped in other analyses. Data were tested 
for outliers using Grubb’s test at a 5% level of significance and 
differences in learning speed between the categories of rewarded 
images were then analyzed by Mood’s median tests, which are 
more robust than Kruskal–Wallis tests against outliers (34).

All sheep needed a different number of training sessions to 
reach the learning criterion, so for a given sheep the final train-
ing session of a phase did not necessarily have the same session 
number than for another sheep (e.g., the final training session 
could be Session 3 for one individual, and Session 14 for another). 
However in this final training session, all sheep were at a similar 
state of training and understanding of the task (at least 80% correct 
choices). Thus, the final training sessions of both training phases 
were analyzed (Figure 3, framed in black). The two test sessions, 
where sheep had to generalize the task, were also analyzed.

For the selected training and test sessions, the effect of the type 
of rewarded image (NAggr, NSI, Aggr, or SI) on the success of a 
run (0 or 1) was analyzed by a generalized linear mixed model 
(GLMM) using a binomial distribution and logit link function. 
The type of rewarded image (NAggr, NSI, Aggr, or SI) was included 
as a fixed effect in the final model, and Animal and Session were 
included as random effects, with Session nested within Animal.

If sheep chose at chance level during a test session, then the 
mean value of the success variable was 0.5. In that case, with the 
logit transformation used by the GLMM the mean would be as 
follows: logit (0.5) = ln (0.5/(1−0.5)) = 0. To test whether sheep 
chose the correct image at above chance levels during the two test 
sessions, the confidence interval (CI) was calculated for the mean 
value of the success variable for each type of rewarded image 
(NAggr, NSI, Aggr, or SI), based on the output from the GLMM 
analysis. If the CI included 0, it was not possible to tell whether 
the sheep had chosen above chance level.

LatChoice was transformed using a natural log function to 
conform to statistical assumptions. For the same selected train-
ing and test sessions (Figure 3), LatChoice was then analyzed by 
restricted maximum likelihood with repeated measurements, 
using a power model to account for correlations within subjects 
across time. Type of rewarded image (NAggr, NSI, Aggr, or SI), 
outcome of the run (success or error), and their interactions 
were included as fixed effects. Random effects included Run and 
Animal. Post hoc pairwise comparisons were conducted using 
least significant difference tests. Normality of the residuals was 
checked graphically.

resUlTs

Training with colored cards
Sixteen sheep (46%) reached the learning criterion in 18 sessions 
or fewer. Only two sheep learned the task in fewer than 10 ses-
sions (7% of total number of sheep or 12.5% of successful sheep) 
(Figure 4). There was no difference in learning speed between 
sheep that had to associate a light green card with the reward 
and sheep that had to associate a dark green card with the reward 
(Medians: 14 vs. 15 sessions, χ2 = 0.25, df = 1, P = 0.614).

There was no effect of the type of colored card rewarded (dark 
green or light green, F1,37.7 =  0.28, P =  0.598), Success (correct 
vs. incorrect choice, F1,128.9 = 0.17, P = 0.683), or the interaction 
between those two factors (F1,131.2 = 0.80, P = 0.373) on LatChoice.

Training with images of Faces
All 16 sheep (100%) reached the learning criterion with images of 
faces within 15 training sessions. Fifteen of these animals (94%) 
reached the learning criterion after 11 sessions (Figure 4).

There was a significant difference in learning speed between 
sheep that had to associate a neutral image (NAggr or NSI) with the 
reward and sheep that had to associate a negative image (SI or 
Aggr) with the reward. Sheep learned the task faster (i.e., needed 
fewer training sessions) when a negative image was rewarded 
(Medians: 4 vs. 7.5 sessions, χ2 = 4.00, df = 1, P = 0.046, Figure 5). 
Grubbs’ test results showed that there were no outliers (G = 1.17, 
P > 0.90).

In the final training session, there was no effect of the type 
of image rewarded on the sheep’s number of correct choices 
(Aggr: 9 ± 0.82, SI: 9.5 ± 1.0 NAggr: 8.25 ± 0.5, NSI: 8.5 ± 0.58; 
F3,153 = 0.83, P = 0.477). There was no effect of the type of image 
rewarded (NAggr, NSI, Aggr, or SI, F3,34 = 0.23, P = 0.879), Success 
(F1,124.9 < 0.01, P = 0.949), or the interaction between those factors 
(F3,124.7 = 0.23, P = 0.879) on LatChoice either.

Tests: generalization to images of new 
Familiar individuals
The generalization of the task to pairs of images of faces of new 
familiar individuals was affected by the type of rewarded image 
(NAggr, NSI, Aggr, or SI, F3,26.8  =  3.43, P  =  0.031). Based on the 
CIs, sheep that had Aggr as their rewarded image did not choose 
the correct image at above chance levels, while sheep that had SI, 
NAggr, or NSI as their rewarded image did (Table 1).

LatChoice was significantly higher when sheep made the 
correct choice than when they made a mistake (correct choice: 
9.4 ± 7.8 s, wrong choice: 7.9 ± 10.8 s; F1,292.9 = 13.26, P < 0.001) 
but the type of image rewarded (NAggr, NSI, Aggr, or SI, F3,12.1 = 1.10, 
P = 0.385) or its interaction with Success (F3.297.9 = 0.40, P = 0.756) 
had no effect on LatChoice.

DiscUssiOn

We investigated whether sheep could discriminate between 
images of faces of familiar conspecifics taken in  situations 
eliciting emotional states of neutral or negative valence, using a 
simultaneous discrimination task in a two-armed maze. We also 
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FigUre 4 | Cumulative number of sheep (n = 16) that reached the learning criterion for each session. Training phase with colored cards is coded with blue circles 
and training phase with images of faces with red squares.

FigUre 5 | Total number of sessions needed to reach the learning criterion 
by type of rewarded image (neutral = NAggr and NSI, negative = Aggr, and SI). 
Each gray lozenge represents one individual sheep. Medians of each group 
are indicated by the blue bar and dot.

TaBle 1 | CI of the mean number of successes by type of image rewarded 
(NAggr, NSI, Aggr, or SI).

Mean ci lower 
bound

ci higher 
bound

Backtransformed mean 
(mean % of success)

Aggr −0.052 −0.654 0.551 49%
SI 0.754 0.32 1.376 68%
NAggr 1.206 0.538 1.875 77%
NSI 1.137 0.475 1.798 76%

To test whether sheep chose the correct image at above chance levels during the two 
test sessions, the CI was calculated for the mean value of the success variable for each 
type of image rewarded, based on the output from the GLMM analysis. If sheep chose 
at chance level during a test session, then the mean value of the success variable was 
0.5, so with the logit transformation used by the GLMM the mean was as follows: logit 
(0.5) = ln (0.5/(1−0.5)) = 0. So if the CI included 0, it was not possible to conclude that 
the sheep chose above chance level. Transformed CI and means are presented, and 
backtransformed means are included to help with interpretation. CI, confidence interval; 
GLMM, generalized linear mixed model.
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in learning speed between the two shades of green of the colored 
cards; however, sheep learnt to associate the food reward with a 
negative image faster than with a neutral image.

influence of the Type of images of Faces 
on learning Processes
As predicted, the type of image rewarded (neutral vs. negative) 
had an effect on the learning process, while the type of colored 
card rewarded (light or dark green) did not. However, we observed 
the opposite of our hypothesis regarding learning speed. Images 
of calm conspecifics are approached voluntarily by sheep (3) 
and can therefore be considered as primary reinforcers. We had 
originally proposed that sheep learning the association between 

assessed the influence of the valence of the rewarded image on 
learning and generalization processes. All sheep that learned the 
preliminary discrimination task with colored cards reached the 
learning criterion with images of faces. There was no difference 
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images of ruminating Photo Sheep and food reward would reach 
the learning criterion faster than sheep learning the association 
with images taken in negative situations. However, sheep actually 
learned the task more quickly when their rewarded image was one 
of the two negatives images (SI or Aggr). It is of course possible 
that sheep learned to avoid the unrewarded image rather than to 
approach the rewarded one; however, this would not impact our 
findings regarding the ability of sheep to discriminate between 
images of faces.

In humans, negative stimuli (colored images of beetles, nega-
tively valenced images from the International Affective Picture 
System database) induce stronger and faster responses (e.g., 
higher amplitude and shorter latency of electrophysiological 
markers, shorter response time in key pressing) than positive or 
neutral stimuli (colored images of buildings, neutral or positively 
valence images from the International Affective Picture System 
database (35, 36)). Similarly, in flash suppression studies of the 
perception of facial expressions, fearful expressions have been 
shown to gain access to awareness more quickly than neutral or 
happy expressions (37). In animals, a previous study showed that 
sheep were indeed more attentive (head turned to the screen for 
at least 2 s) toward videos showing agonistic interactions between 
conspecifics than toward videos showing ruminating sheep (38). 
Goats have also been shown to be more attentive toward images 
of faces of conspecifics photographed in a negative situation (ice 
pack applied to the udder) (39). From an evolutionary point of 
view, it is appropriate for animals to pay more attention to faces 
displaying negative emotions as they could signal the presence 
of potential threats. In our study, if the attention of sheep was 
increased toward negative images of faces, this may have aided 
them to learn to associate an image of a negative face and reward 
faster. The difference in learning speed could thus be initial evi-
dence that sheep can not only distinguish between facial features, 
but that they also perceive the valence of the expression shown 
on the images. In this way, sheep would perceive images of faces 
taken in negative situations as at least as more interesting, but 
potentially as negative. This would represent a first step toward the 
use of images of faces in cognitive bias studies. Further studies are 
needed to determine if the differences in learning performances 
were due to sheep paying more attention to negative images, or 
if images taken in situations of high arousal but positive valence 
would have the same effect.

The generalization of the discrimination task to images of 
faces of new familiar individuals during tests was also affected 
by the type of image rewarded (NAggr, NSI, Aggr, or SI). Only 
Aggr-rewarded sheep were not able to generalize the task to 
images of new familiar individuals. Since sheep that had NAggr 
as their rewarded image had no difficulties in generalizing the 
task, the poorer results from the Aggr-rewarded group cannot 
be explained by an increased difficulty in discriminating the 
neutral from the aggressive face in the new pair of cues. SI- and 
Aggr-rewarded sheep had reached the learning criterion faster. 
Consequently, these sheep had been exposed less often to images 
of faces than Neutral-rewarded sheep. Having a greater experi-
ence of the images might have helped the latter to be better at 
generalizing the task to new images. However, SI-rewarded sheep 
could generalize the task to new images and did not differ from 

Neutral-rewarded sheep in their ability to generalize. Therefore, 
the previous experience of images of faces cannot entirely explain 
the poorer performance from the Aggr-rewarded animals.

It is also possible that the identity of the Photo Sheep influ-
enced the results from the Aggr-rewarded sheep. If the new 
Photo Sheep was a very dominant animal, seeing it presenting an 
aggressive expression might have prompted a strong avoidance 
response. However, we selected Photo Sheep so that they would 
be of average body weight since the positive correlation between 
live weight and hierarchy has been established in ungulates  
(24, 25). From that perspective, it is unlikely that all sheep from 
the Aggr-rewarded group were subordinate to the Photo Sheep, 
but that possibility cannot be excluded. Knowing the hierarchical 
relationships between the Photo Sheep and the tested animals, 
would have enabled us to clarify this point and to examine the 
influence of rank on learning speed.

Lastly, it is worth noting that during generalization sessions, 
sheep took longer to choose a branch when they made correct 
choices compared with incorrect choices. In juvenile pigs, similar 
longer response times for correct choices have been reported too 
(40). In this study, Nawroth et al. considered that these shorter 
response times were caused by impulsivity in the choice behavior 
of the piglets and suggested that subjects with non-impulsive 
approach behavior made more correct choice. They also encour-
aged to look at the latency to make a decision in a choice task 
at the individual level, rather than at the group level. Horses 
however have been observed to take longer to make an incorrect 
choice (41). This was interpreted as an uncertainty in decision 
making, due to awareness of the subject that it was potentially 
making the wrong choice. In our study, the more challenging task 
of transferring a rule to new cues might explain this variation, 
since no such difference in latency to choose was observed in 
the final training sessions which involved images of faces. This 
difference in latency to make a choice also indicates that sheep 
that made mistakes during the generalization sessions probably 
did not take time to process the two cues, but made a choice based 
on others factors.

Methodological limitations
Only 16 out of 35 sheep succeeded in reaching the second train-
ing phase, with images of faces. We allowed sheep a maximum of 
180 runs in the maze to learn the task during the Colored Cards 
phase. This criterion is within the range of learning performances 
of sheep in similar tasks that also involved pairs of cues presented 
alternatively on both sides (80–240) (42). Given a few more 
training sessions, more animals might have reached the learning 
criterion, and so we most likely only included the faster learners 
in the subsequent phases of the study. Despite the preliminary 
phase of systematic desensitization to human handling and the 
habituation phase, some individuals might not have habituated 
fully to the experimental setup, and still considered it a stressful 
environment. Since stress and negative emotional states impede 
cognitive abilities in sheep (43, 44), it is possible that faster learn-
ers were less fearful and found repeated handling and isolation 
less stressful. It is also possible that these animals had better 
cognitive abilities. Hill breeds of sheep might also not be ideal for 
cognitive studies due to their high emotional reactivity; lowland 
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breeds such as Clun Forest sheep could be more indicated for 
such studies It should also be mentioned that our final sample 
size of 16 sheep is fairly small which affects the statistical power 
of our study. Therefore, our conclusions may not apply to the 
whole population of sheep. However we did establish that sheep 
can discriminate between images of faces taken in situations of 
varying valence, and that the valence of the situation influenced 
learning speed.

Finally, Bovet and Vauclair (45) raised a concern about using 
“pictorial stimuli” in animal studies without controlling for how 
images are perceived by the animals. In our study, we confirmed 
that reactions to images of faces differed from reactions to colored 
cards in sheep as differences in learning speed were identified 
with images of faces only, and were associated with the valence 
of the situation in which the faces were photographed. This sug-
gests that images of faces were perceived as faces by the sheep, 
but further evidence is needed to draw strong conclusions on this 
matter.

cOnclUsiOn

Sheep discriminated between images of faces of conspecifics 
taken in an emotionally negative or neutral situation. Sheep 
were also able to generalize this discrimination to images of 
new faces, but this ability did not extend to images taken during 
aggressive interactions: sheep from the Aggr-rewarded group 
were unable to generalize the task. Learning was affected by the 
type of image displayed and differences in learning speed were 
associated with the valence of the situation in which the faces 
were photographed: sheep that had to associate a negative image 
with the reward learned faster than sheep that had to learn the 

neutral image-reward association. This suggests that sheep can 
perceive the valence of an emotional state displayed in an image 
of a face. This is an encouraging first step for the use of images of 
faces in cognitive bias studies.
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Emotions can be defined as an individual’s affective reaction to an external and/or internal

event that, in turn, generates a simultaneous cascade of behavioral, physiological,

and cognitive changes. Those changes that can be perceived by conspecifics have

the potential to also affect other’s emotional states, a process labeled as “emotional

contagion.” Especially in the case of gregarious species, such as livestock, emotional

contagion can have an impact on the whole group by, for instance, improving group

coordination and strengthening social bonds. We noticed that the current trend of

research on emotions in livestock, i.e., investigating affective states as a tool to assess

and improve animal welfare, appears to be unbalanced. A majority of studies focuses on

the individual rather than the social component of emotions. In this paper, we highlight

current limitations in the latter line of research and suggest a stronger emphasis on the

mechanisms of how emotions in livestock are transmitted and shared, which could serve

as a promising tool to synergistically enhance the welfare of all individuals within a group.

Keywords: affective states, emotions, emotional contagion, farm animals, wellbeing

WHAT ARE EMOTIONS?

Emotions have been defined as short-term affective states elicited by internal and/or external events
and are associated with synchronized physiological, behavioral, and cognitive components (1, 2).
The framework proposed by Mendl et al. (3) suggests that different aspects of the emotional
experience (e.g., neurophysiological, behavioral, and cognitive components) of non-human animals
can be assessed along two dimensions, namely valence (negative or positive) and arousal [from low
to high (4–6)]. One of the main functions of emotions is to prepare an individual to quickly select
an appropriate response (i.e., approach or avoidance depending on the positive or negative valence
of the emotion) in order to cope efficiently with its environment (1, 2). Moreover, affective states,
i.e., emotions and longer-term affective states (mood), can alter the way in which an individual
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perceives its environment, e.g., making it more cautious
(pessimistic-like) after a fear-inducing event or more optimistic-
like after a positive event [so-called cognitive bias; (7)].
Considering the evolutionary importance of affective states,
scientists’ most widely held opinion is that these states occur
across different taxa including invertebrates (1, 8–11). Although
the lack of verbal communication in non-human animals
precludes our access to the subjective component of emotions
(i.e., feelings), there is an array of quantifiable parameters
that allow us to assess their physiological, behavioral, and
cognitive components. For instance, an emotion experienced
by an individual can lead to changes in its body posture or
expressions [e.g., facial or vocal signals/cues; (11–14)]. Since
these expressions can be easily detected by other individuals, it
is plausible that emotions do not only operate at the individual
level, but also at the group level.

THE SOCIAL COMPONENT IN EMOTIONS

The communication of emotions to conspecifics can play a
key role in the regulation of social interactions (e.g., for group
defense, play, agonistic behavior, maternal nursing, mating
competition). Moreover, the expression of emotions can lead
to the sharing of affective states between individuals (15).
In gregarious species, synchronized emotional states within a
group of individuals can be highly adaptive (16–18) and this
phenomenon has been suggested to be a crucial element in the
evolution of empathy (19, 20). The benefits of sharing emotional
states between individuals include improved group coordination
and strengthening bonds between individuals (21–24).

Different levels in the transmission of emotions have been
proposed, with mechanisms requiring less cognitive load such
as emotional contagion, and more cognitively sophisticated
processes such as perspective taking and targeted helping (20,
25). Emotional contagion occurs when the affective state of
an individual is influenced by the perception of the affective
state of another individual (20). It results in state-matching
between two individuals (e.g., distress with distress), without
necessarily requiring conscious and effortful processing or self-
other distinction (26). In the case of emotional contagion, the
response of the subject should be in line with (i.e., match) the
emotional state of the observed individual. By contrast, in the
case of cognitive forms of empathy (“cognitive empathy”; e.g.,
perspective taking), the result will not necessarily be a matching
state between the observer and observed individuals, because
this phenomenon will result in the observer regulating its own
emotional response in order to efficiently interact with the latter
(27).

According to the Perception-Action Model of empathy
proposed by Preston and de Waal (20), and as shown by
neurobiological studies in humans (28), the attentive perception
of the observed individual’s emotional state automatically
activates the observer’s representation of this state. These
representations trigger associated autonomic and somatic
responses and allow the observer to connect with the internal
state and situation of the observed individual through the

activation of the neural representations of similar internal states
that the observer has previously experienced (29–31).

EVIDENCE FOR TRANSMISSION OF

EMOTIONS IN LIVESTOCK

Empathic responses occur widely within the mammalian taxon,
with emotional contagion being the most common phenomenon
investigated (24, 32). But since the field of non-human emotion
research started to expand a few decades ago (33), research on
farm animal welfare has focused mostly on the expression of
emotions at the individual level, as an indicator of animals’
welfare state [i.e., their physical but also psychological wellbeing;
(24)]. By contrast, only a few studies have focused on emotional
contagion and how the expression of emotions affects the
welfare of the group (26, 34). The limited available evidence,
however, suggests that this phenomenon might have a crucial
impact on animal wellbeing (24). For instance, when pigs
were restrained in a dispenser without access to food, other
pigs later avoided the system/dispenser, especially when the
reaction of being restrained was very aversive and associated
with urination (35). In another study, untrained pigs showed
a higher rate of defecation or higher levels of play when they
observed conspecifics that were trained to anticipate an aversive
or rewarding event, respectively (36). In addition, piglets showed
a stronger reaction (higher proximity, decreased locomotion, and
increase freezing behavior) toward distressed conspecifics when
they had previously experienced the same stressor themselves
(i.e., being restrained) compared with piglets that had not been
restrained (34). In cattle, the presence of a stressed companion
animal led to an increase in cortisol, a longer latency to feed and
slower feeding rates in the tested subject, indicating increased
fearfulness (37). Additionally, cattle showed a longer lasting
approach response when a novel object was impregnated with
urine of stressed conspecifics compared to urine of non-stressed
conspecific. The increased fearfulness thus seemed to be at
least partly mediated by olfactory cues present in the distressed
animals’ urine (37).

Vocalizations in particular have been shown to reflect
emotional states in many species, and might therefore serve as
a crucial channel for emotional contagion (15, 38). For example,
pig vocalizations elicited during different stressful situations
were related to the specific type of stress (14). Similarly, pig
vocalizations, but also physiology, were affected by the induced
emotional valence of repeated moderate aversive and rewarding
events and are linked to emotional reactivity within and across
different contexts (39). However, a similar experiment showed
that when pigs heard recordings of distress calls from unfamiliar
pigs of the same age and sex, the emotional valence of the
calls did not induce a comparable state of distress (40). More
recently, a study investigating the behavioral, physiological, and
acoustic correlates of emotions in goats showed that parameters
differed in each of these categories according to the valence
and/or arousal of the emotions experienced by the animals (41).
Subjects in high-arousal situations (such as food frustration),
compared to low-arousal ones (such as isolation), showed lower
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heart-rate variability, higher respiration rates, increased body
and head movements and vocalizations, and spent more time
with their ears pointing forwards. In the positive situation
(anticipation for food), compared to the negative ones (food
frustration and isolation), goats spent less time with their ears
oriented backwards and more time with their tails up. In
addition, several acoustic parameters were identified as reliable
indicators of arousal and valence. The fundamental frequency
contour and energy quartiles of their vocalizations increased,
while the first formant decreased, with arousal, whereas the
fundamental frequency variation decreased from negative to
positive valence (42). These results strongly support the notion
that the vocal domain in group-living animals, such as goats,
could be a potential way of emotion transmission. Moreover,
playback experiments in goats indicated that subjects exposed to
emotional-linked calls (food anticipation, food frustration, and
isolation) from conspecifics preferentially showed a lateralized
head-turning response to the right side (43). This right side head-
turning bias suggests the involvement of the left hemisphere
for processing calls conveying emotional contents (44, 45). In
addition, it was demonstrated that the acoustic structure of
domestic horses’ whinnies varies between positive and negative
contexts, and that familiar conspecifics are able to perceive this
information (46, 47).

It is possible that lifetime experience could affect empathic
responses. Very young subjects, or subjects housed in
environmentally and/or socially deprived housing conditions,
have shown impaired abilities to display emotional contagion
(34, 48). In addition, the transmission of emotions can be
enhanced by several factors, including familiarity and relatedness
between the observer and the observed individuals, as well
as former experience of a similar emotional situation by the
observer (20). These context-specific ontogenetic differences
warrant further investigations.

To date, the question of to what extent farm animals are
able to perceive the emotions of conspecifics through behavioral,
but also acoustic and olfactory cues and whether emotional
contagion occurs as a result is still debated. However, considering
the evidence for perception and contagion of emotions in several
non-livestock taxa (15), farm animals are likely to also share
these empathic capacities. More studies on emotional contagion
in livestock are needed in order to extend our understanding of
the impact of this phenomenon on animal welfare, and of the
mechanisms underlying it.

DISENTANGLING MODALITIES AND

LIMITATIONS OF THE TRANSMISSION OF

EMOTIONS

Emotional states in farm animals have been shown to be
transmitted via olfactory cues (37), vocalizations (15), and
direct observation of conspecific behavior (49). However,
interpretations of current research on emotional contagion in
livestock are often limited by two factors. First, the use of
live animals as signalers does not control for other modalities
than the ones primarily investigated (36). On the other hand,

the restriction to only one signaling modality (e.g., acoustic
cues through playbacks, visual cues through images or videos)
does not provide a holistic view on the underlying mechanisms
of emotional contagion. We thus encourage a multi-modal
approach including controlled stimuli in the study of non-human
emotional contagion, for example, by using signals produced by
conspecifics experiencing fully validated positive and negative
emotional states. A future step must be to investigate whether
controlled visual (e.g., images or movies) or auditory cues (e.g.,
playbacks) alone and/or in combination can lead to the spread
of affective states within the group. By providing signals of two
or more modalities simultaneously, one could estimate whether
cues simply add up or have synergistic effects, i.e., if and how
this might enhance the transfer of emotions by making it more
salient and/or relevant. In addition, violation of expectation
experiments (i.e., providing cues that do not match an observer’s
expectations, such as displaying playbacks of positive valence and
videos/images of negative valence simultaneously) could identify
whether a subject forms a mental cross-modal representation not
just about the features/appearance of another subject, but also
about its emotional state (50, 51).

For a long time, the main aim of animal welfare research has
been to reduce, and hence also to assess, negative emotions and
to lower stress during an animal’s life. Recent views, however,
have pointed toward an effort to also explore and promote
positive emotions (52, 53). Similarly, most studies investigating
emotional contagion in livestock have focused solely on the
transfer of negative emotional states. Yet, although the function
of contagion of positive and negative emotions may differ, it is
likely that the mechanisms underlying emotional contagion are
independent of the valence (26). The bias toward research in
negative emotions might be a result of the increased availability
of parameters indicating negative compared to positive emotions
(8, 9, 53). The increased set of tools developed to investigate
negative emotions could be explained by the fact that many
positive emotions are less intense in their expression compared
with negative ones, and often the expression and perception of
negative emotions (e.g., distress, need, pain) plays a substantial
role for survival, making them more prominent and easily
detectable (19, 54, 55). In contrast, the consequences of not being
responsive to positive emotions expressed by conspecifics might
be less severe regarding immediate survival.

Overall, we believe that there are several limitations in most of
the existing studies on livestock emotions and emotion transfer,
including a lack of validated and accurate assessments of the
emotional state of both the producer (observed individual) and
receiver (observer) of the emotional signal. Such validation
could be done by using neuro-physiological, cognitive, or
behavioral indicators of emotions (8, 42). In addition, there is
a general lack of detailed evidence showing that the change
in emotions observed in the receiver is due to the signal to
which it was exposed to, and not due to other environmental
cues that were not controlled for. To ensure that the changes
observed in the animals are due to the signal, subjects should
ideally be tested in a neutral environment (such as their home
pen); an environment that does not induce an emotion by
itself. Alternatively, the emotional state of the animal before
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exposing it to the signal should be assessed and controlled
for.

IMPLEMENTATION IN APPLIED SETTINGS

AND FUTURE DIRECTIONS

Emotional contagion can lead to the spread of both positive and
negative emotions in groups of animals (35). This phenomenon
is of strong importance for the welfare of group-housed domestic
and/or captive animals. Indeed, emotional contagion could
potentially be used as a tool to improve welfare by facilitating
the spread of positive emotions as well as by reducing negative
high-arousal emotions, or, at least, by preventing the spread
of such emotions. Therefore, knowledge about the primary
modalities that livestock species use to perceive emotional cues
from conspecifics or even from humans, in case of cross-species
contagion of emotions (56), would help us to better comply with
their emotional needs and thus provide themwith a better quality
of life.

Vocalizations are a potent modality to express emotions as
shown above. It would be interesting to test how conspecifics
perceive emotion-linked calls and how these modulate the
emotional state of the receiver. This knowledge could be used
to design tools for improving welfare. For instance, playbacks of
positive low-arousal vocalizations (or other sensory cues) could
have the potential to decrease the impact of stressful events,
such as transport, rehoming in an unfamiliar environment or
veterinary practice, on the animal. We argue that positively
valenced emotional stimuli (e.g., vocal or olfactory cues) could
be used as a tool to promote positive emotions in receivers,
or alternatively, to reduce negative ones. It would thus be
valuable to investigate whether negative high-arousal states can
be counteracted by using playbacks of positive low-aroused calls
(or other sensory cues). Additionally, one of the hypothesized
functions of positive emotions and their contagion is to
strengthen social bonds (57). Tools such as social network
analyses, which provide us with the quality (e.g., affiliative
or agonistic) and quantity (number of interaction) of social

relationships, could inform us on if and how negative and/or
positive emotional stimuli spread within a group.

Given the widespread occurrence of emotional contagion in

a diverse set of animal taxa, livestock species surely are no
exception to the rule. The investigation of shared emotional

states in livestock and its interactions with other social

phenomena, such as social buffering (58), however, remains
an underdeveloped field. In addition, several methodological

limitations (e.g., the use of live animals as signalers or the
restriction to one signaling modality in playback experiments)
still have to be addressed, and there is a need for research to move
away from negative emotions in order to include positive ones as
well. Indeed, in order to harness the full potential of empathic
responses in livestock and to transfer it into an applied setting,
we must first identify the mechanisms and modes involved in
the transmission of affective states. Understanding the perceptual
mechanisms of the social dimension of animal emotions will
open new ways to reduce high-arousal negative emotions and, in
the long-term, promote positive welfare in livestock.
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To be ethically acceptable, new husbandry technologies and livestock management

systems must maintain or improve animal welfare. To achieve this goal, the design and

implementation of new technologies need to harness and complement the learning

abilities of animals. Here, from literature on the cognitive activation theory of stress

(CATS), we develop a framework to assess welfare outcomes in terms of the animal’s

affective state and its learned ability to predict and control engagement with the

environment, including, for example, new technologies. In CATS, animals’ perception

of their situation occurs through cognitive evaluation of predictability and controllability

(P/C) that influence learning and stress responses. Stress responses result when animals

are not able to predict or control both positive and negative events. A case study of

virtual fencing involving avoidance learning is described. Successful learning occurs when

the animal perceives cues to be predictable (audio warning always precedes a shock)

and controllable (operant response to the audio cue prevents receiving the shock) and

an acceptable welfare outcome ensues. However, if animals are unable to learn the

association between the audio and shock cues, the situation retains low P/C leading

to states of helplessness or hopelessness, with serious implications for animal welfare.

We propose a framework for determining welfare outcomes and highlight examples of

how animals’ cognitive evaluation of their environment and their ability to learn relates

to stress responses. New technologies or systems should ensure that predictability and

controllability are not at low levels and that operant tasks align with learning abilities to

provide optimal animal welfare outcomes.

Keywords: animal welfare, cattle, cognition, cognitive activation theory of stress, sheep

INTRODUCTION

The development of new husbandry systems and management technologies has increased the
complexity of the environment farmed animals must learn to engage with. For example, cattle may
need to learn how to interact with automated milking systems and virtual fences, and laying hens
need to learn temporal and spatial design features of new free range and aviary systems. Cognitive
and learning abilities vary between individuals and contribute to fitness and survival within wild
populations (1, 2). For farmed animals, variation in learning ability (speed to learn and ability to
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master new tasks) may influence the impact of new technologies
on individuals and thus have welfare consequences for
introduction of new livestock management systems.

A theory proposed by Ursin and Eriksen (3), termed the
cognitive activation theory of stress (CATS), describes concepts
that are relevant when considering how animals learn to
interact with new farming technologies and systems. The
CATS describes the relationship between cognitive evaluation
(appraisal) and the stress responses based on studies in
rats and humans. Specifically, the stress response relates to
what the animal has learned to expect in response to a
stimulus. Whether a stimulus is positive or negative depends
on the individual appraisal of the situation, which is based
on previous experience and expectations of the outcomes of
stimuli. Expectancy occurs when the animal registers, stores,
and uses information about what stimulus precedes a following
stimulus (learning). Ursin and Eriksen (3) describe two stages
of learning. The first is termed classical conditioning and is
stimulus-stimulus learning involving acquisition of stimulus
expectancies, and the second is operant conditioning involving
acquisition of response expectancies. The CATS is an activation
theory as the stimuli may induce arousal that is indicated
through a measurable stress response, such as activation
of the hypothalamic pituitary adrenal axis. In general, the
welfare outcomes of the two stages of learning are higher for
positive expectations (e.g., positive reinforcement) and lower for
negative or uncertain expectations (e.g., negative reinforcement)
(4, 5).

Both stress and welfare are linked and depend on how
an animal perceives its environment (6). Cognitive evaluation
of the predictability and controllability (P/C) of a situation
are important elements that influence how animals learn and
determine whether welfare outcomes will be positive or negative.
A classic study in rats conducted by Weiss (7) demonstrates
how a lack of P/C can induce stress responses and impact
health. When individual rats were placed in identical cages
where treatments A and B received identical electric shocks
but treatment A rats received a light signal to indicate when
a shock was forthcoming (i.e., the shocks were predictable),
the stress response in the A rats was similar to controls that
did not receive any electric shocks. The B rats displayed high
stress responses as evidenced by high corticosterone levels and
stomach wall lesions. This same response was seen when A
rats were able to prevent an electric shock by turning a wheel
(i.e., the shocks were controllable). Surprisingly, the ability to
either control or predict the occurrence of the electric shock
was equally effective at reducing the stress response, which
was explained by the fact that the animals knew they were
experiencing a safe period if they hadn’t received a warning
signal (7).

Bringing together the concepts described above, this paper
will propose a framework for determining welfare outcomes
based on two dimensions: (1) affective state and (2) predictability
and controllability (P/C). We will highlight examples of
how animals’ cognitive evaluation of their environment and
their ability to learn relates to stress responses and animal
welfare.

PREDICTABILITY AND CONTROLLABILITY

AND ANIMAL WELFARE

The framework (Figure 1) describes the relationship between
affective state (as a continuum between positive and negative)
and predictability and controllability (low to high). Affect is
a core psychological state that modulates neural, behavioral,
physiological, and immune functions and hence influences health
and productivity (8). For simplicity, we do not decompose
affect into its components of valence and arousal. Similarly,
we do not separate predictability and controllability in our
framework, however, animals may experience situations of high
controllability and low predictability and vice versa (9). Cognitive
evaluation of environmental characteristics such as predictability
and controllability have been demonstrated to trigger emotions
in animals (10). Appraisal of other criteria, including suddenness,
novelty, and pleasantness have been proposed by Desire et al.
(9) as an indicator of emotions in animals. The previously
described classical experiments performed on rats by Weiss (7)
provide a clear example of how cognitive elements influence
stress responses based on predictability and controllability. This
has also been demonstrated in livestock species, including sheep
where exposure to aversive events that occurred unpredictably
and uncontrollably induced chronic stress and negative affective
states (11, 12).

Each quadrant of the framework describes an example of a
welfare state as a result of the level of P/C and affective states.
The examples discussed in relation to the framework do not
account for all possible states in each quadrant and as with all
frameworks, there are limitations to its use. Not all situations
of high predictability and controllability result in good welfare
outcomes (see bottom right quadrant; Figure 1). An example
is barren environments that are generally highly predictable
and not always controllable with animals experiencing negative

FIGURE 1 | Proposed framework showing the interaction between

predictability/controllability (P/C), affect and welfare states. Shaded area

indicates intermediate P/C where optimal animal welfare occurs.
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affective states such as boredom from a lack of stimulation on a
daily basis. Barren environments can result in chronic stress as
demonstrated by increased ACTH-induced cortisol responses in
tethered pigs (13) and stereotypies may result from the animals
attempting to cope with the lack of environmental stimulation.
There is potential to enhance welfare of animals kept in barren
environments by signaling the arrival of a food reward that
would increase P/C and improve affective states thereby moving
welfare states to the top right quadrant of Figure 1. This presents
potential for welfare improvement in intensive systems that may
not offer the opportunity to perform a full range of natural
behaviors. The top left quadrant is termed novelty. An example
of low P/C and positive affect is shown in captive orange-winged
Amazon parrots where the frequent rotation of enrichment
objects reduced neophobia when compared to provision of
new enrichments alone (14). However, individual differences
in fearfulness may influence the affective state resulting from
this procedure and could create for some individuals a negative
welfare outcome.

Even positive events have the ability to compromise welfare if
they are not controllable or predictable, for example removal of
control by lambs over food delivery induced stress (15). Failure
to reward pigs that were taught to perform an operant task to
obtain a food reward induced frustration and aggressive behavior
(16). In comparison, providing predictability of a food reward
enhanced positive emotions as demonstrated in rats (17). This
is further supported by evidence that the announcement of the
arrival of enrichment (access to a hallway containing mixed
grains) to pigs induced more positive emotions than providing
enrichment alone (18). The importance of controllability for
positive events was demonstrated by pigs that received cognitive
enrichment (learning an operant task to access a food reward)
displaying positive emotions (less fearful and more exploratory
and lower sympathetic activation during feeding), compared
to pigs that did not experience cognitive enrichment (19). In
these examples, provision of predictability over the arrival of the
positive event provides an improved welfare state and animals
would move into the top right quadrant of the framework.
We have termed this quadrant “Positive engagement” and this
aligns with concepts described by Mellor (20). Wechsler and
Lea (21) highlight the opportunity to develop enrichment tasks
that take into account the learning abilities of animals that may
result in improved welfare. Predictable scheduling of feeding
in broiler breeder pullets was associated with improved welfare
(22). Learning in itself can be motivating and induce emotional
responses in animals, for example, heifers showed increased
heart rate and more vigorous movement down a race when
they made improvements in their learning (23). It has been
suggested that a capacity to acquire prediction and control over
the environment through learning contributes to resilience of
the animal to environmental change (24). Together, evidence of
inducing positive affect by providing opportunities for animals
to be able to predict and control positive experiences shows
much promise for improving welfare of animals kept in confined
conditions.

Situations where an individual is exposed to unpredictable and
uncontrollable negative events occur when there is an acquired

expectancy that no relationships exist between responses and
reinforcement (Figure 1: bottom left quadrant). In this situation,
the individual perceives that there is no relationship between
any action they can do and the outcome and this state is
termed helplessness. Hopelessness is similar but with the learned
expectancy that all responses lead to a negative result. States
of helplessness and hopelessness occur when the animal is not
coping and may lead to somatic disease through sustained
arousal (3), which has serious implications for animal welfare.
Overall, for welfare to be optimal in livestock farming systems,
predictability and controllability should not be too high or too
low, i.e., it should be at an intermediate level (see circle area in
Figure 1). This represents a level that provides stimulation and
prevents boredom through providing opportunities to learn that
are within the animals cognitive ability.

A CASE STUDY: AVOIDANCE LEARNING IN

VIRTUAL FENCING

To highlight the concepts developed in the framework, a
relevant example of a new technology being applied to livestock
management is presented. Traditional fences are physical barriers
that contain animals by obstructing their passage across a
boundary. The traditional barriers can be strengthened by
inclusion of aversive stimuli such as spikes (e.g., barbed wire) or
electric shocks (e.g., conventional electric fencing). In contrast,
virtual fences replace the physical barrier with a benign cue
(audio) that heralds the imminent imposition of an aversive
stimulus (electric shock) if the animal proceeds across the virtual
barrier. Virtual fencing has the potential to reduce labor and
material costs associated with moving and maintaining physical
fences, enable more efficient pasture management and better
protection of environmentally sensitive areas. As the virtual
fence is not visible and is more complex for the animal to
learn than a conventional electric fence, there may be more
interactions with the fence and therefore more shocks received
by the animal, however, to date no comparative studies have
been reported. For a conventional electric fence, the number of
shocks received is highest in the first hour on the first day of
exposure (25). With a virtual fence, half the cattle learned to
respond to the audio cue after∼6 interactions with the fence (26).
Direct contrasts are needed to better understand the comparative
impact of the technologies on behavior and welfare. With a
commercial system being developed (Agersens R©) and a strong
demand for the product, it is expected that application of virtual
fence technology on farm is imminent. The virtual fencing system
utilizes the animal’s capacity for avoidance learning through
operant conditioning so that the animal learns to respond
to an audio cue (conditioned stimulus) to avoid receiving an
electric shock (response stimulus). Figure 2 shows the process for
assessing welfare outcomes of new technologies such as virtual
fencing. With avoidance learning, on the initial approaches to
the virtual fence, we suggest that animals are in a situation of
low predictability and controllability as they do not know what
the audio warning means and are unable to avoid receiving
the shock. We interpret this as a negative welfare state as the
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animals show an acute stress responses to the electric shock
(27). After the initial learning period [∼6 approaches for 50% of
cattle to learn (26)] and with coupling of the application of the
audio warning consistently at every approach event, responses
indicate that cattle learn the situation has high predictability. If
the animal continues to travel further toward the virtual fence
line, it receives an aversive electric shock, however, if the animal
stops in response to the audio cue and does not proceed across
the virtual boundary, it avoids the electric shock. Thus the animal
learns to control its exposure to the aversive response stimulus
by responding behaviorally to the conditioned audio cue (by
turning back from the virtual fence). Avoidance learning by
the animal confers high predictability and controllability to the
temporal sequence and spatial relationship between the benign
conditioned cue and the aversive response stimulus. Through
acquisition of the ability to predict and control, the animal’s
agency improves (28, 29); the resulting welfare state is more
positive (Figure 2) and the animal is classified as “coping”
(30). Importantly, in avoidance learning, animals that learn
and perform well do not display signs of stress, even though
avoidance is linked to fear (5).

In contrast, some animals may not have the ability to learn

the association between the audio and shock cue, resulting in
a situation of low predictability and controllability as described
in the studies conducted in rats (5, 7). Whether learning will
occur depends on the properties of the events, the consistency
of their presentation and the pairing of the stimuli. Ursin and
Eriksen (3) termed this predictive value. How an individual
perceives the probability of an expected event is termed the

perceived probability (31). Predictability is where the perceived
probability of stimulus expectancies is high and control occurs
when the perceived probability of response expectancies is high
(3). As the perceived probability is subjective and dependent
on the individual’s ability to learn, some animals may not
have the ability to learn the appropriate response and therefore
the situation for them would be one of low P/C. Individual
differences in personality may influence cognitive and learning
abilities (32–34). For example, indoor-preferring birds in free
range laying systems are more fearful (35, 36) and slower to
learn a T-maze test than outdoor-preferring birds (37). More
fearful birds use different strategies to learn a task and are
less flexible in their learning (38). Further understanding of the
relationship between individual differences in personality and
cognition will provide guidance in developing operant learning
tasks that match learning abilities or for selecting animals better
suited to specific production systems. Importantly, for species
exhibiting group behaviors such as flocking, motivation to stay
close to conspecifics may provide an additional suite of cues
to animals that lack an ability to learn the specific conditioned
stimulus/responses stimulus paradigm.

LEARNING ABILITIES AND ANIMAL

WELFARE

An acceptable welfare outcome for virtual fencing requires the
system to be designed and implemented in a manner that enables
animals to learn through prediction and control to avoid the

FIGURE 2 | A proposed process to assess welfare outcomes of new technologies or systems applied to livestock. Situations of low Predictability and Controllability

(P/C) should be avoided.
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electric shock. While it has been demonstrated in several studies
that cattle (26, 39–41) and sheep (42, 43) readily learn to respond
to the audio cue, these studies report a large variation between
animals in learning speed and task competency. Further research
is needed to determine the influence of the duration of training
and social environment in which training occurs on learning
outcomes. For instance, initial studies suggest that when cattle
(26) and sheep (43) were trained individually there was more
variation between animals in learning to respond to the audio cue
than when trained in groups (41, 42). This is in accord with the
potential for social cues to influence learning and task acquisition
(44). Further, while acute stress is expected to result when the
animals are undergoing avoidance learning, the stress response
should be minimal once animals learn to avoid the shock and the
situation becomes predictable and controllable.

Animals attempt to learn and adapt to the environment
using behavioral and physiological responses, however if the
limits to their adaptation or learning ability are reached then
chronic stress can occur. Determination of the physiological
and behavioral consequences of long-term exposure to virtual
fencing in cattle and sheep is needed to ensure that welfare is
not compromised. This will include assessment of behavioral
patterns, as disturbances in normal time budgets can indicate
welfare issues, for example lying time has been demonstrated to
indicate comfort of lying surfaces in cattle (45). Over a short-term
virtual fencing study in cattle, changes in behavioral time budgets
were minor (41), however further research is needed over longer
time periods. Learned helplessness may occur if the situation is
one of low P/C. Helplessness is associated with chronic stress, and
could be assessed for instance through corticotrophin releasing
hormone (CRH) or adrenocorticotrophic hormone (ACTH)
challenges (13) to monitor welfare impacts of virtual fencing.
Increasing complexity of the virtual fencing system such as its
use for herding large groups of animals (e.g., mustering dairy
cows) and creep feeding young stock will need to be considered in
relation to the proposed framework. With increased complexity
comes a greater chance of more animals not learning to avoid the
shock (i.e., a situation of low predictability and controllability)
and a greater potential for poor welfare outcomes. Evidence of
animals not coping with a virtual fencing system will require

that either the system be altered to ensure learning occurs or
that virtual fencing is not implemented for certain groups of
animals.

CONCLUSIONS

This paper provides a framework for understanding animal
welfare in terms of the animal’s affective state and its learned
ability to predict and control engagement with its environment.
Stress responses occur when animals are unable to predict or
control both positive and negative events. This is usually not a
welfare issue if the situation of low P/C is short-term, as a normal
acute stress response will be observed. However, if the situation
is on-going, then chronic stress can be induced, the animal may
not be able to cope and welfare outcomes will be poor. There
are also potential issues with situations of high and long lasting

P/C, which may provide certainty but lack stimulation and lead
to boredom. It is recommended that P/C should be intermediate
to be of optimal value (5). This intermediate level should be one
where the operant task aligns with the learning ability of the
animal so that it is predictable and controllable to ensure that
welfare is not compromised.
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