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1  Introduction
A great deal of research has revealed the complex and remarkable learning 
and cognitive abilities of chickens. Most of this research has been undertaken 
in the laboratory, often using commercial strains of chickens, and, in fact, 
surprisingly little is known about the cognition of wild Junglefowl. Many of 
the laboratory tests that reveal complex mental abilities in themselves rely on 
cognitive processes such as imprinting, associative learning and discrimination. 
Unusual in the comparative cognition research, many of these tests have been 
undertaken on newly hatched chicks, which have highly developed brains and 
are capable of learning from a young age. One advantage of testing these 
abilities in an artificial laboratory is that it is possible to rule out through careful 
experimental design and manipulations that such complex cognition has not 
arisen by simpler mechanisms. Although this may not necessarily reduce the 
impressiveness of the mental feats, it has important implications for those 
working on the mechanisms that are employed in complex cognition. Many 
of the studies cited in this chapter describe the key research that has made 
significant advances in providing evidence of the functioning of these cognitive 
mechanisms.

Understanding chicken learning and cognition Understanding chicken learning and cognition
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2  Early learning
2.1  Maternal effects

Domestic chicks are a precocial species that can respond to their environment 
and cope with new situations in ways that allow them to survive and thrive 
with little maternal input. Studies on precocial knowledge indicate that chicks 
are able to, without learning, distinguish and attend to stimuli and so guide 
innate approach and avoidance responses (Versace and Vallortigara 2015). 
For example, chicks have an innate preference for hollow as opposed to filled 
cylinders though the possible function of this preference, or what this finding 
reveals about the innate recognition processes, remains unclear (Versace et al. 
2016). Domestic chicks can also show rapid and important learning during 
early life, which is briefly reviewed in this section, but also later in this chapter 
(learning what to peck (Section 4.1); commercial rearing (Section 5.1.2); 
learning about spatial cues (Section 4.6)). Soon after hatching, chicks learn 
to identify the hen, or the mother figure, from other prominent stimuli by a 
process termed ‘imprinting’. Imprinting usually occurs within the first 24 h post-
hatching and is facilitated by chicks’ learning to discriminate calls by the mother 
from other noises 1 day before hatching (Fält 1981). Learning to discriminate 
the mother figure from other stimuli occurs rapidly and leaves a strong memory 
trace that is difficult to reverse once established. In a natural setting, or if the 
mother hen is present after hatching, then in most cases, the chick will imprint 
on the mother. However, if the mother is absent, chicks will approach other 
conspicuous visual stimuli as soon as they are physically able to do so and will 
follow such stimuli if they are moving (Bateson 1966).

The importance of the mother to the chick’s behavioural and cognitive 
development has in recent times attracted researchers’ considerable attention 
(Edgar et  al. 2016). Hens produce a variety of calls which serve to direct 
appropriate chick behaviour. Cluck calls, for example, serve to attract the chick 
towards the hen, and chicks learn to discriminate between their own mother’s 
cluck call and those of other hens by 4 days of age (Fält 1981). Of particular 
interest has been the influence of the mother’s vocalisation and pecking 
behaviour which appear to shape the chick’s foraging skills and ability to 
discriminate between edible and non-edible food items. Broody hens emit a 
characteristic vocalisation when pecking at new food items which attract and 
encourage chicks to direct their pecks at the food items (Wauters and Richard-
Yris 2002). This latter effect is so pronounced that, in the first week of life, chicks 
reared with a foster hen rely on the hen to find food caches and appear to 
rarely discover hidden food caches by themselves (Gajdon et al. 2015). In one 
key study that revealed the possible complexity of the hen–chick interaction, 
Nicol and Pope (1996) examined the behaviour of hens and chicks feeding 
on two differently coloured foods. Chicks were pre-trained that food of one 
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colour was palatable, and that food of the other colour was unpalatable, and 
crucially the mother had been pre-trained separately that the reverse colour 
combinations indicated palatability. When the hen watched chicks pecking 
from a food source that she had been trained to regard as unpalatable, but 
wasn’t, the hen increased food pecking, ground pecking and scratching. The 
study indicated that hens are sensitive to foraging errors made by the chicks 
and adjust their behaviour to redirect chick pecks towards palatable foods. The 
mother, therefore, appears to play a key role in the chick learning what and 
what not to peck .

Additionally, considerable attention has been given to the possibility that 
maternal effects can have a buffering effect on chick fearfulness. Developing 
methods which reduce chick fearfulness can be expected to provide welfare 
benefits when placed in commercial systems since ‘flightiness’ can lead to 
injuries and smothering (Widowski and Torrey 2018). There is some evidence 
that behaviour between the mother and the chick in response to fear-eliciting 
events may be influenced by cognitive processes. Edgar et  al. (2013) found 
that hens increased vocalisations and walking, and decreased preening, when 
they perceived their chicks threatened (an environmental cue signalling the 
delivery of a puff of air). Crucially, this response was shown when the chicks 
were naïve to the cue signal, indicating that the hen’s response was based 
on her knowledge of the perceived threat to the chick and not by the chick’s 
behaviour. The above-mentioned findings indicate that mother hens are 
sensitive to imminent threats for their chicks and appear to alter behaviour in 
order to elicit appropriate responses in their chicks. These findings indicate that 
the mother may contribute to the development of the behaviour of the chick 
for coping with adverse environmental challenges.

2.2  Brood companion effects

As a highly social animal, it is not surprising to find that chicks seek the 
company of other chicks, and contact with other chicks reduces fear responses 
in an open field test (Jones 1989). Domestic chicks learn to discriminate familiar 
chicks from unfamiliar chicks in the early life and will approach a brood mate 
rather than an unfamiliar chick in a runway (Vallortigara and Andrew 1991). 
Detour tests using different goal animal combinations also suggest that chicks 
may be able to interpret the social interactions between chicks. Regolin et al. 
(1994) found that chicks would solve a detour problem faster if the goal was 
two interacting chicks, rather than two chicks unable to interact due to a visual 
barrier between them. This finding indicates that chicks recognise the social 
interactions of other chicks and perhaps find ‘interacting’ chicks more attractive 
than non-interacting chicks. More recent work has indicated that chicks are 
able to discriminate between familiar and unfamiliar birds based on acoustic 
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calls alone. Koshiba et al. (2013) showed that chicks elicited more intermediate 
contact calls and a distinct distress call to a familiar compared to an unfamiliar 
chick when the pair of chicks were separated by a visual barrier which allowed 
acoustic contact. This latter study also found that chicks approached and 
exhibited bonding calls to unfamiliar chicks just as much as to familiar chicks, 
indicating that isolated chicks are motivated to gain contact with other chicks, 
whether familiar or unfamiliar. Combined, all these findings indicate the 
importance of a social environment made up of familiar, interacting chicks to 
the development of appropriate behaviour in the chicks. The influence of the 
mother hen on the development of pecking preferences in the first week of life 
raises the possibility that chicks may also learn about what to peck and where to 
find food from other brood mates, and is discussed in Section 4.1.

3  Habituation and associative learning
Habituation is one of the simplest forms of learning and is the decreased 
response to the repeated presentation of the same stimulus. For example, 
repeated visual exposure to a human results in lower avoidance of humans in 
encounter tests, and this is seen in both docile and flighty strains of chickens 
(Jones 1995). It is likely that habituation learning occurs to many stimuli in 
commercially housed chickens and, as the previous example indicates, may 
attenuate responses to mildly stressful events. Along with habituation to 
the presence of stockpeople, chickens may habituate to machinery or other 
sounds, sight of vehicles or smells.

It is likely that birds are also continuously forming associations between 
events, termed ‘classical or Pavlovian conditioning’. For example, the sound of 
automatic feeders starting can set off a range of anticipatory responses and 
vocalisations in chickens in commercial systems. Associations formed between 
events and locations can also influence approach and avoidance behaviour. For 
example, Jones et al. (2012) showed that chickens preferred a compartment in 
which they had previously received food but avoided a compartment in which 
they had previously received an aversive noise. In chickens, the response to the 
reinforcer is not fixed and unvarying, but can vary depending on the quality 
of the reinforcer. Poling et al. (1996) trained hens to peck one of two keys that 
matched the colour of a light presented just prior. Chickens were more accurate 
when the reward was greater (4 s access to food) than when the reward was less 
generous (1 s access to food), indicating that the outcome (reward) influenced 
their response accuracy.

Whereas in classical conditioning the animal learns to associate two events 
with each other, in operant or instrumental learning the behaviour is shaped 
by the previous outcome of a particular event. If the outcome is desirable, 
the animal will perform more of the behaviour, whereas if the outcome was 
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negative, the animal will perform less of the behaviour. Early work, for example, 
showed that hens readily learnt to peck a plate in order to obtain access to 
food (Duncan and Hughes 1972). Operant conditioning has mostly been used 
by animal welfare scientists to investigate preferences for different resources. 
For example, Faure (1986) used an apparatus in which a hen had to peck a key 
to be provided with more feeder space and found that hens rarely pecked to 
obtain more than 10 cm of the feeder space per bird. Additionally, operant 
conditioning provides animals with some degree of anticipation and control 
over their environment that may have a positive effect on welfare. That is, since 
the event follows the behaviour, the animal not only has knowledge about when 
the event will occur but also may be able to control the timing of the event.

Additionally, it is not unusual to find that animals prefer to show a behaviour 
in order to receive an outcome rather than have that outcome freely available, 
a phenomenon called ‘contrafreeloading’. Tests on many animals, including 
chickens (Duncan and Hughes 1972), have shown that they will readily learn 
some operant response, such as manipulating a lever or pressing a panel in 
order to receive food. Lindberg and Nicol (1994) found that chickens readily 
learnt to use operant feeders, and their use was associated with increased 
time spent on foraging behaviour. A positive effect on welfare appeared to 
be maximised when operant feeders were used in conjunction with ad lib 
feed, indicating that having to ‘work’ for food may be preferred by chickens 
compared to having food freely available. There is however some evidence 
that domestication has perhaps reduced the capacity of hens to continually 
work using operant feeders, as a White Leghorn commercial strain showed less 
feeding from an operant feeder than Red Junglefowl (Lindqvist and Jensen 
2009). Lastly, although allowing chickens to form operant associations in order 
to achieve some control of their environment is generally considered to be 
good for welfare, if the behaviour does not achieve the desired outcome or if 
the outcome is negative, then the animal may stop trying to exert an influence 
over its environment, a condition called ‘learned helplessness’.

4  Cognition
4.1  Social learning

The ability to learn about the environment, events or new situations from other 
individuals is well developed in group-living chickens (Nicol 2006). Even from 
a young age, domestic chicks will avoid pecking at an aversive-tasting bead 
after they have observed the disgust response of another chick (Johnston 
et al. 1998). As well as learning what and what not to peck by observing other 
chicks or their mother, chicks can use the foraging behaviour of other chicks 
to guide their own foraging behaviour in a more general way. In one of the 
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earliest demonstrations of this influence, McQuoid and Galef (1992) showed 
that young Junglefowl preferred to eat from the same type of dish or in the 
same location after seeing a conspecific feeding from that dish 48 h earlier.

More recent work which has looked at the food preferences and location 
preferences of chicks in the company of a knowledgeable demonstrator 
suggests that chicks learn what to peck mostly from a foster hen rather than 
from other chicks, even when the chick demonstrator is slightly older and more 
knowledgeable. Gajdon et al. (2015) showed that chicks that had experienced 
finding food at distinct locations in the presence of an older, experienced chick 
were more likely to search at those locations than chicks that had been in the 
same arena but with a naïve companion. However, chicks that had experienced 
foraging with an older tutor chick were no better at avoiding pecking at a non-
food particle (gravel) than control chicks that had the experience of a naïve 
chick. It should be noted that in natural situations a chick is unlikely to be 
exposed to ‘older, experienced tutors’, since all brood mates would be roughly 
the same age and have the same experience. Nonetheless, the finding that 
chicks learn where to find food from brood mates suggests that chicks may be 
regarding the tutor as a surrogate providing valuable information that would 
normally come from the mother hen. Adult laying hens are also similarly able 
to use the movement of another bird to guide their own food searching but 
appear to be able to evaluate the ability of the other hen. In a laboratory arena 
in which hens were required to approach and peck a bowl in order to obtain 
the food in it, Wichman (2018) showed that observer hens were more likely to 
follow hens that they previously saw being successful at obtaining food more 
than hens that had previously not been seen to obtain food. The latter findings 
support the hypothesis that hens are sensitive to variation in the foraging ability 
of different hens and are able to choose to follow and learn from successful 
rather than unsuccessful individuals.

Social learning is also observed in quite unnatural situations and in the 
learning of new responses, indicating that the cognitive process may be largely 
independent of the natural context. Nicol and Pope (1992) exposed naïve hens 
to various demonstrators that had either been trained, or not trained, to peck one 
of two keys to obtain access to a food hopper. They found that naïve hens that 
had observed a trained hen performed more correct key pecks than those that 
had observed an untrained hen. The above study also showed the importance 
of the social demonstrator, as hens that observed a rod ‘pecking’ the correct 
key did not peck the correct key when given access to it. As a further indication 
of the flexibility of social learning, naïve hens learn best from dominant hens 
(Nicol and Pope 1994). Although it has proved difficult to accurately determine 
why this may be so, it is possible that hens recognise that dominant hens may 
possess a greater variety of adaptive and beneficial responses and may be 
worth paying attention to and emulating more than subordinate hens.
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4.2  Visual cognition

Extracting information from the visual system in order to guide behaviour is 
largely underestimated by humans who achieve this feat seemingly effortlessly 
yet has been studied in depth in chickens. Chickens adopt various strategies 
to achieve these feats, including altering how they move and view objects 
and features in the environment in order to recognise objects (Dawkins and 
Woodington 2000). In a 3D environment, a great deal of visual inputs are of 
fragments of objects, partly hidden by nearer objects. When viewing such 
‘partly occluded objects’, chickens are able to recognise and respond to the 
entire object as a whole, a phenomenon termed ‘amodal completion’ (Regolin 
and Vallortigara 1995). In addition, chickens appear to recognise that the 
occluded object is further away than the occluding object. Forkman (1998) 
trained hens to peck at an object that was relatively further away than another 
object. In unrewarded probe tests in which one object partly occluded the 
other, hens correctly pecked at the occluded object indicating that they were 
deriving information about the relative distance of both objects purely from 
seeing the partial occlusion.

One interesting aspect of visual cognition in chickens is their ability to use 
information about the shape of an arena to orient themselves. Chicks that are 
trained to find food in the centre of an arena will, when placed in a differently 
shaped arena, also search in the centre, indicating that they are using geometric 
information to guide their behaviour (Tommasi et al. 1997). Interestingly, when 
similarly trained to find food in the ‘centre’ of an arena, but tested in a larger 
arena of the same shape (i.e. a bigger square-shaped arena), chicks searched 
not only in the centre but also in locations that were an equal distance from the 
walls as in the smaller training arena (Tommasi and Vallortigara 2001). These 
findings suggest that chicks are adopting two search strategies: one based on 
geometric information (i.e. centre) and the other based on the absolute value 
of distance from the walls to the potential food location.

4.3  Time perception

Research on the perception of time by chickens is scarce but has focussed on 
a range of issues, ranging from perhaps the simple determining of a sense of 
duration to being able to think about past and future events. Taylor et al. (2002) 
examined the hens’ ability to estimate a 6-min time interval. This was achieved 
by training hens to peck a touch screen 6 min after a symbol was shown in order 
to receive a reward. In unrewarded probe tests, pecking responses peaked at 
around 6 min after the symbol was shown, showing that hens were able to 
estimate the time interval. Having found that chickens can estimate duration, 
the next question was to investigate if they can use the knowledge of the 
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duration between events to alter their behaviour to their benefit. Abeyesinghe 
et al. (2005) trained hens to peck at either a red or green light and after a delay 
of varying intervals receive access to food for different durations. Following a 
number of trials, they found that hens preferred to peck the key that had an 
interval of 6 s but access to food for 22 s, over a key that had a 2-s delay but 
access to food for only 3 s. The latter findings showed that hens were able to 
refrain from pecking the key in a typically fast stimulus–response pattern but 
instead showed self-control and an appreciation that a delay in responding 
would result in a longer access to food.

4.4  Transitive inference

Transitive inference is a form of logical reasoning that has been studied in 
various animal species and involves deducing the relation between two items 
that have not been paired. For example, if item B is larger than item C, and item 
C is larger than item D, then item B must also be larger than item D. Initial work 
on this involved a hen first observing a fight between a known conspecific and 
an unknown hen, and then being introduced to the unknown hen (Hogue et al. 
1996). Hens that observed a dominant conspecific losing to the unknown hen 
did not initiate any attacks when mixed with the unknown hen, indicating that 
they were possibly acknowledging that they would lose such encounters. In 
contrast, when the hen viewed a dominant conspecific defeating an unknown 
hen, the hen attacked in about half of the time when mixed with the unknown 
hen. Although Hogue et al.’s (1996) findings supported the ability of hens to 
infer status from observing pairwise interactions, they were not able to rule out 
the possibility that hens may have gauged the fighting potential of the stranger 
hen from watching its interaction. More recently, Daisley et al. (2010) trained 
chicks that a food reward could be received by pecking one of two items, and 
by presenting a series of pairs of items established the hierarchy of which item 
would lead to the reward, that is A > B > C > D > E. In the critical test, items 
B and D were presented, both of which had never been presented together 
and both had been rewarded and unrewarded an equal amount of time. They 
found that chicks in the first attempt pecked the correct item (i.e. B), showing 
that they had inferred the relationship between B and D from the previously 
established pairwise combination (i.e. B > C and C > D).

4.5  Numerical abilities

In most humans, the recognition of different quantities is closely linked to 
our numerical abilities. The simplest form of this is the ability to differentiate 
between different sets based purely on the number of objects in each set. 
Rugani et al. (2008) showed that chicks were able to discriminate between sets 
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of one and two and sets of two and three stimuli. Furthermore, in these tests, 
the experimenters were able to rule out the possibility that chicks were using 
other information such as the overall surface or space occupied that may have 
provided information about quantity. Rather intriguingly, chickens appear to 
perform number–space mapping in a similar way to humans. Many humans 
represent numbers on a mental number line, with the smallest number to the 
left and larger numbers to the right. Rugani et al. (2015) trained chicks to walk 
behind a centrally placed screen of either a small number of elements (circles 
on a card) or a large number of elements. When given a choice of two screens 
both with the same number of circles, chicks chose the left side when there 
were a small number of circles but the right screen when there were a large 
number of circles. The findings suggest that chicks tend to map numerical 
quantities on a left-right axis, as many humans would.

4.6  Spatial cognition

Spatial cognition of chickens has usually been examined with respect to the 
visual system, and some of these abilities are discussed in Section 4.2. More 
recent research on chickens showing the involvement of the sun and magnetic 
field in spatial orientation has not yet examined how these sensory modalities 
impact spatial cognition.

One frequently used test of spatial cognition is the detour test, which 
requires the subject to leave sight of a goal object by moving around an 
obstacle in order to achieve closer proximity to that goal object. The detour 
test is usually considered to reveal both spatial cognition (the position of the 
chicken relative to the hidden goal object) and memory processes (that the 
object remains in a certain spatial location). Chickens are highly motivated to 
reinstate contact with social companions or an imprinting stimulus, and when 
such stimuli are used, even young chicks are able to solve detour problems to 
reach a goal (Regolin et al. 1994). In the detour test, chicks have repeatedly 
been shown to be faster at performing the detour in subsequent tests. Such 
ability indicates detour learning, rather than spontaneous detour behaviour. As 
an indication of the chicks’ memory for spatial tests, they are better at a second 
trial (i.e learning) even after there has been a 24-h delay between the first and 
second trial (Regolin and Rose 1999).

Relative movement of the mother and the chick is important for cognitive 
development particularly around 11 days of age, when the chick actively moves 
out of sight of the mother (Workman and Andrew 1989). In the domestic 
chick, there is a shift towards the right hemisphere becoming dominant at 
this age, which would suggest a sensitive period for spatial learning since the 
right hemisphere is involved in spatial reasoning (Andrew 1991). The latter 
development stage has been examined in the laboratory by imprinting chicks 
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onto artificial objects and housing in an environment that does, or does not, 
allow the chick to leave the sight of the stimulus. Chicks reared in environments 
with screens that allow them to move out of sight of an artificial imprinting 
stimuli showed that chicks that have the experience of moving out of sight at 
11 days of age make fewer errors in a detour test and are better able to attend 
to distal (far away) spatial cues than chicks that are not able to leave sight of the 
imprinting stimulus (Freire et al. 2004; Freire and Rogers 2005). These findings 
indicate that rearing in a visually complex environment is important in shaping 
the development of visual cognition in the chick.

4.7  Affective states

In recent years, animal welfare researchers have enthusiastically explored the 
possibility of a wide range of animals having affective states. ‘Affective state’ 
refers to the subjective state that would allow for pleasurable or displeasure 
mental experiences, which may vary in intensity or arousal. In humans we 
would describe these states as emotions, and it has been known for some time 
that people in a state of depression or anxiety tend to make more negative 
cognitive judgements, such as interpreting ambiguous stimuli unfavourably. 
Harding et al. (2004) showed for the first time that rats too, after being housed 
in an unpredictable environment applied to induce a negative affective state, 
interpreted ambiguous stimuli more pessimistically than those housed in an 
enriched environment. Although there is still discussion as to the relationship 
between affect and emotions in other animals, most authors consider that 
affective states are at least required for the sensation of emotions, and perhaps 
there is little difference between them in animals.

Research examining affective states in chickens has mainly explored 
cognitive bias. Cognitive bias is a shift in a response or perception; typically 
in animal tests it is judgement, based on previous experiences predicted to 
alter the affective state. Typically, a judgement bias test involves training 
animals that approaching or responding to one stimulus provides a reward 
whereas responding to another stimulus provides a negative reinforcer (i.e. 
punishment), the latter of which animals usually quickly learn to avoid. Affective 
state is deduced by presenting animals with ambiguous stimuli which are 
usually intermediate between the two stimuli presented earlier. Animals in a 
positive affective state should approach the ambiguous stimuli, whereas those 
in a negative affective state should avoid it. Deakin et  al. (2016) examined 
chicken affective states using such an approach, by training chickens to 
peck at orange circles of different saturation levels to receive either a reward 
(mealworm) or punishment (one second puff of air). Following housing hens at 
low temperature, a condition that they are known to find aversive, Deakin et al. 
found that hens were less likely to peck ambiguous stimuli (orange circles of 
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intermediate saturation levels) than hens housed at a more highly preferred 
higher temperature. In similar tests in which location, left or right, is paired 
with a reward or punishment, meat chickens that had been fed corticosterone 
(Iyasere et al. 2017) and laying hens that had been denied access to litter for 
foraging (Seehuus et al. 2013) showed a more negative judgement than control 
birds to stimuli placed at intermediate locations.

Although these findings show biases towards a negative judgement 
following negative events such as receiving puffs of air or corticosterone 
administration, other results on judgement bias have been more mixed. In 
a test requiring less training, Salmeto et  al. (2011) showed that chicks that 
had been isolated for only 5 min were slower at approaching an ambiguous 
stimuli (a morphed image of a chick and owl predator) in a runway test, 
suggesting that isolation induced a negative affect. In contrast, Hernandez 
et al. (2015) did not find that 5 min of isolation in a novel environment induced 
a negative affect in adult laying hens. Zidar et al. (2018) tested the effects of 
cold stress and environmental enrichment and found that neither influenced 
judgement bias. However, in the latter study in which the manipulations were 
applied successively, there was some evidence that housing in the enriched 
environment had a buffering effect on the events that may be considered to 
induce a negative affect. The study of affect in animals is a fast-growing area 
of research, and it is clear that methods and hypotheses will continue to be 
refined as this challenging area progresses. For example, it would be important 
to distinguish true bias effects (i.e. the proportion of times that an ambiguous 
stimuli is selected) from other measures such as the speed of responding, 
which may be related to motivation factors or personality rather than changes 
in affect (de Haas et al. 2017a).

One possible function of affective states in animals may be to combine 
complex inputs, some of which may be ambiguous and uncertain, in order 
to generate an adaptive and suitable response. If so, affective state would 
be the largely undetermined mechanism that regulates decision making and 
may be experienced by the animal as something akin to emotions in humans. 
One complex decision for many animals, including chickens, is how to balance 
the need to move and explore the environment in order to find food with 
the need to minimise encounters with potential predators. Nicol et al. (2011) 
examined the choice of hens for three environments that differed in foraging 
and predator threat levels. In general, hens chose environments with high 
foraging opportunities and little threats as expected. Of particular interest were 
the findings that the choice for the high foraging/low threat environment was 
associated with lower stress levels, and hens showed fewer behaviours indicative 
of a negative affect such as head shaking and standing alert in this environment. 
The result is consistent with the notion that hens are using a common ‘currency’, 
such as affect, for decision making across such different environments.
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4.8  Communication

Communication in chickens involves a large number of vocal as well as visual 
signals such as changes in posture. Although the variety and use of these 
signals suggest impressive abilities in themselves, it is research that has 
examined exactly what information is transmitted and how it is received that 
has highlighted the extent of cognitive abilities. Referential communication 
refers to communication that conveys information from one individual to 
another that can be used by the recipient to generate an appropriate response 
and is generally accepted to be more advanced than signals that simply 
convey physical information about the emitter (i.e. its size, sex, etc.). Studies 
on the ‘food’ call of chickens, usually given following discovering food or a 
substrate that can direct foraging behaviour, reveal the complexity of chicken 
communication. When isolated hens were played food calls, they responded 
by fixating downwards with the frontal binocular field, a normal anticipatory 
feeding movement (Evans and Evans 1999). Although the response to the 
food call could be of a simple stimulus–response type, further studies indicate 
that this is not the case. When hens are presented with food calls in playback 
experiments, they respond only with food searching if they have not found 
food. If they have recently found food, the chickens do not respond with food 
searching, indicating that they recognise that the information provided by the 
call is redundant (Evans and Evans 2007).

More careful analysis of the food call itself made by chickens finding food 
indicates that they alter the rate and number of food calls based on the quality of 
the food found (Marler et al. 1986). Recent evidence suggests that these calls may 
be even more complex, possibly indicating the types of foraging substrate which 
appear linked to the emitter’s motivation state. McGrath et al. (2017) conditioned 
hens that various sounds signalled the arrival of food or non-food. They found 
that in the interval between the sound cue and the arrival of the reward, hens 
varied the number of food calls and clucks which was consistent with the variation 
in arousal. However, again, the use of these calls does not appear to be a simple 
response to the imminent arrival of food. It has been known for some time that, 
when in pairs, males give food calls when they find food irrespective of how far 
the female is at the time of finding food. Males were, though, more likely to give 
food calls in the absence of food when the female was far away than when she 
was nearer, which is consistent with the males using the food call deceptively to 
attract the female back to his vicinity (Gyger and Marler 1988).

4.9  Memory

‘Working memory’ is a term given to short-term memory that encompasses both 
the storage of information and some processing. One way to study working 
memory is by using a delayed matching to a sample test, which involves the 
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presentation of a sample for a certain amount of time before it disappears and 
a number of alternatives, one of which is identical to the sample. In order to 
obtain a reward, the animal has to peck or show some other response to the 
stimulus that matches the original sample. In the only such test published on 
poultry to date, chickens are able to match the stimulus to the sample even 
after a 16 s delay (Nakagawa et al. 2004). Although this may seem modest, this 
is a difficult test and at this early stage of study chickens’ performance does not 
appear to be too dissimilar from the performance of many mammals (Lind et al. 
2015). In other tests examining the duration of stored information, chicks are 
able to remember the trajectory of a hidden imprinting stimulus for up to 3 min 
(Vallortigara et al. 1998), which is comparable to mammals.

Earlier we revealed the chickens’ ability to recognise partly occluded 
objects as entire objects, rather than a fragment. This raises the question as to 
what extent chickens are able to respond to an object that is completely hidden, 
so providing no direct sensory experience. This problem has been studied 
within the framework of object permanence, which refers to the ability to hold 
a mental representation of a vanished object. In one of the simplest tests of this 
phenomenon, domestic chicks will readily move towards an imprinting stimulus 
that has been displaced behind a screen (Freire et al. 2004). As was covered 
earlier, chickens will also readily move around obstacles in order to approach 
or re-join an imprinting stimulus or companions in detour tests (Regolin et al. 
1994; Freire et  al. 2004), suggesting that they are able to direct movement 
towards where the goal objects ‘should be’. It appears that chickens are able 
to form a mental representation not only to direct their movements but also 
to use this representation to guide choices based on the physical properties 
of the hidden object. Chiandetti and Vallortigara (2011) examined the choice 
of screens which differed in height, width or slant made by chicks after the 
disappearance of an imprinting stimulus. Crucially, chicks consistently chose 
screens which had the right size and shape to hide the object and avoided 
screens which could not. These findings indicate that chicks are able to encode 
the physical properties of the object in their representations.

Investigations into the types of memory formed by chickens have 
focussed on the distinction between procedural or declarative representations. 
Procedural representations are when a stimulus triggers a particular set of 
memories which produce a set of responses and are considered relatively basic 
forms of memory. Declarative representations, however, contain more general 
information about events which can be accessed to guide the most appropriate 
response. Declarative representations, therefore, allow flexible decisions to be 
made to new situations. Forkman (2000) used a devaluing test technique to 
provide evidence that hens are able to form declarative representations. In this 
test, hens were trained to feed on two different foods from two containers placed 
in different parts of a test arena. One food item was then devalued, by feeding 
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the hens that food prior to re-testing. Crucially in the test, after the devaluing of 
one food item, hens went to the food container that previously contained the 
non-devalued food. This study showed that hens are able to encode and store 
information about the type of food that is located at a particular location and 
use that information to guide their movement towards the non-devalued food.

5  Improving management through an understanding 
of learning and cognitive abilities

The scientific evidence presented in the previous section provides an insight 
into the complexity of chicken learning and cognitive processes. In many 
respects, the cognitive abilities of chickens are comparable to those of 
mammals and other animals regarded as ‘highly’ intelligent. Further studies will 
no doubt continue to reveal the similarities and differences between complex 
cognitive processes in chickens and other animals. In the meantime, a pressing 
question is whether we should re-frame our view and treatment of chickens 
both as a research animal and as a production animal based on the above-
mentioned evidence (Marino 2017). The scientific studies presented earlier 
may challenge some people’s ethical stance towards chickens and stimulate 
us to think about the possible level of sentience that chickens may possess. 
However, science cannot answer the ethical decision concerning how chickens 
should be treated, only inform it, and further research is necessary to continue 
to improve the quality, extent and validity of this information. One glimpse 
of such changes is being shown by experimental scientists themselves, with 
many researchers now opting to rehome their chicken subjects after behaviour 
experiments, particularly laying-strain domestic chicks which will grow into 
egg producers and are particularly sought after as backyard chickens in many 
people’s homes.

In a more practical sense, an understanding of chicken learning and 
cognition provides considerable insight into how best to manage and house 
them. Knowledge of their cognitive abilities can assist us in three main ways. 
First, cognitive processes will have been designed and to some extent are 
constrained to operate in a certain way, and adapting the management of 
chickens to take this into account will facilitate the animals’ ability to adapt to the 
environment and synchronise their behaviour to better interact with it. Second, 
many welfare problems such as feather pecking or uneven distributions may 
have solutions by taking into account the chicken’s cognitive abilities. Third, 
one of the challenges for welfare scientists is to accurately assess the welfare 
of animals in a range of environments, and a greater understanding of chicken 
cognition can assist in considering what factors may compromise welfare 
and also in developing protocols to assess welfare. Specific examples of how 
cognition can assist with these three areas are given below.
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5.1  Early life

5.1.1  Ensuring appropriate cognitive development

As discussed in Section 4.6, spatial cognition is important and well developed 
in the chickens, yet several studies have suggested that the early experience of 
the chicken is important in enabling the full development of spatial cognitive 
abilities. Chicks that have had the experience of walking behind barriers at 11 
days of age, a development stage that appears important for the development 
of spatial memory, made fewer orientation errors in a detour test and were 
more likely to use distal (i.e. distant) rather than proximal spatial cues (Freire 
and Rogers 2007). Additionally, initial work examining the importance of access 
to perches on spatial cognition showed that chicks reared with early access to 
perches were better at finding food in high areas than chicks reared without 
access to perches, and the similar performance on moving between perches 
between these groups of birds indicated that this finding was due to an effect 
on spatial cognition rather than physical ability (Gunnarsson et al. 2000).

More recent work has confirmed that the early experience of a complex 
environment has an effect on spatial abilities, and although it is likely that a 
complex environment during rearing allows for the development of better 
locomotory abilities and reduces fearfulness (Brantsæter et  al. 2016), there 
is evidence that a complex environment leads to improvements in spatial 
cognition. Norman et  al. (2019) reared chicks with and without access to 
perches and elevated structures and found better performance of enriched-
housed chicks in a detour test compared to control chicks reared without 
access to perches or elevated structures. In a test that is perhaps not affected 
by the locomotory ability, pullets that readily move onto top perches when 
moved into a layer pen were also found to have a better memory for previously 
visited locations, as revealed by a radial arm maze where chickens retrieved 
mealworms from eight arms of a maze (Wichman et al. 2007). Tahamtani et al. 
(2018), also using a test that is unlikely to be influenced by differences in the 
locomotory ability, provided some indication that meat chickens reared with 
access to straw bales were better at learning to avoid to peck at inedible 
food presented on a coloured background than chickens reared in an barren 
pen. These findings on the development of movement suggest that the early 
experience of a complex environment may be important in providing hens with 
the cognitive abilities to move in complex, large-group systems.

5.1.2  Maternal influences on chicken welfare

As presented earlier, the development of the chicken is strongly influenced by 
the presence of a mother or broody hen during rearing. Although chicks have 
yolk reserves which sustain them for 2–3 days post-hatching, it is not uncommon 
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to observe a spike in chick mortality in commercial rearing around 3–4 days of 
age. This spike in mortality is due to chicks failing to learn to eat, termed ‘starve-
out’. In many countries management changes have been implemented to 
reduce this problem, and the first-week mortality can be low in some countries 
(e.g. 1.5% in the Netherlands; Yassin et  al. 2009). To date, manipulations 
to relieve starve-out have focussed on providing ‘attractive’ food which is 
round and small and placed with a contrasting background. Interestingly, 
beak trimming does not appear to impair pecking of potential food items 
in 2- to 3-day-old chicks, but it does significantly reduce the amount of feed 
ingested at this age (Workman and Rogers 1990). Other manipulations to try 
and reduce the incidence of starve-out have focussed on reducing the interval 
between hatching and access to food, and although this appears to have some 
welfare advantages, early findings do not suggest that this manipulation has 
a significant effect on the first-week mortality (de Jong et al. 2019). The extent 
to which starve-out may occur due to the absence of a mother hen has not 
been investigated. Comparison of the behaviour of brooded and non-brooded 
chicks indicates that chicks reared with a broody hen showed increased ground 
pecking and perches at a younger age than chicks reared without a broody hen 
(Riber et al. 2007). Further work could examine the application of a broody hen 
or some equivalent stimulus to ensure that all young chicks adopt the feeding 
behaviour in the first week of life.

The above-mentioned research showing the links between the maternal 
behaviour and the development of foraging and feeding preferences raises 
the important commercial question of whether feather pecking could be 
influenced by early maternal effects (Nicol 2004a). Riber et  al. (2007) found 
that mortality due to feather pecking and cannibalism was higher in the non-
brooded chickens than in brooded chickens. Admittedly it currently seems 
difficult to envisage how commercially reared chicks could be exposed to 
the beneficial influences of a broody hen. However, a better understanding 
of these maternal effects could lead to alternative solutions to challenges in 
rearing. For example, Jensen et al. (2006) compared the behaviour of chicks 
that were reared with heating sources that either emitted no light or provided 
some light. Chicks provided with a completely dark night phase showed less 
feather pecking, feather and skin damage and lower mortality than those that 
were reared with heaters that provided some light. Although the mechanism 
for the latter effect is undetermined, it may be related to the effects of a dark 
phase synchronising behaviour of the chicks.

5.2  Associations to signal events and shape correct responses

As indicated earlier, chickens have well-developed learning abilities. The ability 
of chickens to form associations, discriminate between events and predict a 
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time interval raises the possibility of using signals to indicate forthcoming events 
in commercial conditions. Such an approach could be used in management in 
a number of ways. For example, providing animals with cues prior to aversive 
events may allow them to prepare for such events, with a possible reduction in 
stress levels. Cues could also be used to indicate changes that chickens may 
regard as positive, such as the opening of pop-holes on a range. In many cases, 
many of these cues and association are already common in commercial systems. 
For example, most chickens recognise the switching on of automatic feeders 
with the arrival for food. There is still scope, however, to consider learning and 
assist chickens in forming beneficial associations in more ambiguous situations.

One practical application of associative learning could be to devalue 
feather pecking behaviour, in an effort to reduce the chances of feather pecking 
outbreaks. Harlander-Matauschek et  al. (2008) conditioned 26-week-old 
laying hens to two different associations. Half the birds were offered feathers 
soaked in sucrose and formed a positive association to feather pecking (i.e. the 
behaviour was rewarded with the favoured taste of sucrose). Other birds were 
offered feathers soaked in quinine, a substance that birds found distasteful and 
hence formed a negative association with pecking feathers. Feather pecking 
behaviour was recorded after these associations, and birds previously offered 
the quinine-laced feathers feather-pecked significantly less than those that had 
previously been offered the sucrose-laced feathers. Although testing lasted 
only 8 days, and it is unknown if the feather-avoiding behaviour would become 
extinguished after a longer period of time, it provides a promising approach for 
conditioning pullets to not perform feather pecking.

An alternative could be to condition chicks to avoid feather pecking at 
an earlier age, when food preferences are being developed. Chicks will avoid 
pecking the feathers of other chicks that are laced with quinine (Matauschek 
et al. 2010) though as soon as the quinine wears off, feather pecking rates are 
similar to chicks that have not had that experience. In the latter study, it could 
be that chicks have formed an association between the smell of quinine and 
avoidance of pecking, in which case future work in this area may benefit from 
establishing an association with cues that the bird cannot detect when they 
have disappeared.

In applying learning theory to improvements in management, it would be 
worthwhile to pay attention to conditions that enhance or inhibit learning. Many 
animals, including chickens, have constraints on learning that result in them 
learning some associations more easily than others. In general, associations 
which are similar to the natural behaviour of that particular goal are easier to 
attain than more dissociated responses. For example, chickens readily learn to 
search for food in a substrate by pecking and scratching, since this is the natural 
behaviour, but have more difficulty learning to walk to a specific location to 
obtain food. The physiological state of the animal can also enhance or inhibit 
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learning, and the relationship between the physiological state and learning 
is complex and requires further study. However under stressful conditions, 
chickens, like many other animals, find it harder to discriminate between a 
cue that gives a large food reward and one that gives a smaller food reward 
compared to chickens not under stressful conditions (de Haas et al. 2017b).

5.3  Applying an understanding of chicken 
cognition to improve welfare

5.3.1  Social cognition

The ability of chickens to learn from others has the potential to greatly impact 
animal welfare, both positively and negatively, and is an active area of research. 
Behaviour such as feather pecking and cannibalism can spread rapidly through 
a flock. As presented earlier, chickens learn about what to peck from each other. 
Of particular concern has been the possibility that chickens may adopt feather 
pecking or cannibalistic behaviour after observing other birds performing these 
responses. Clearly, if social transmission of behaviour occurs in this way, then 
these behaviours could spread through a flock and may explain why these 
behaviours are indeed often seen to spread through a flock quickly. Providing 
unequivocal evidence that feather pecking can spread by social learning in this 
way is challenging, because it is difficult to discount the possibility that birds not 
doing this behaviour are responding to the same cues or to attractive feathers 
displaced by the feather pecking of other birds. In support of the idea that 
feather pecking is transmitted by social learning, Zeltner et al. (2000) introduced 
five chicks, which were either feather peckers or did not show prior feather 
pecking (control group) into groups of chicks. They found that groups that had 
received the addition of five feather pecking birds performed more feather 
pecking than the control group. These findings support the concern that birds 
showing feather pecking contribute to other birds adopting this behaviour, 
though at the moment the precise mechanism for this transmission is unclear.

Some evidence also exists that cannibalistic pecking may be transmitted by 
social learning. Using a model to proxy the behaviour involved in cannibalistic 
pecking, Cloutier et  al. (2002) showed that pullets that had observed a 
demonstrator bird pecking through a membrane in order to access a dish of 
blood were better at performing this action when allowed to do so than chickens 
that had not had the opportunity to observe others doing this task. Although 
the above-mentioned task was quite unnatural, the findings suggest that it 
could have been passed to other birds by social learning. If feather pecking 
and cannibalism are transmitted by social learning, then it may be prudent 
to consider on-farm alternations and management strategies which restrict 
opportunities for social learning. Such changes could include the addition 
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of visual barriers to limit the opportunities for social learning, removing birds 
performing these behaviours or adding demonstrator birds that show pecking 
at appropriate pecking substrates and objects.

5.3.2  Moving in and out of houses and up and down perches

In large-group systems, the distribution of birds is rarely uniform and birds 
often fail to utilise all available resources, due to not accessing them. Resources 
which are difficult to access could include nest boxes that require climbing up 
on perches, or the outdoor range, which would require navigating to the pop-
holes to exit the building. There are many factors that limit the use of an outdoor 
range by free-range hens such as the pop-hole design, the quality of the range 
and the flock size (Pettersson et al. 2016). The possibility that inadequate spatial 
cognition development could be a factor in range use has been acknowledged 
for some time and was discussed earlier with respect to early rearing. Only 
recently have the links between spatial cognition and ranging behaviour been 
examined in a more practical sense. Campbell et al. (2018) tested pullets before 
they were given access to a range in a simple T maze test requiring the bird to 
move down a runway and then turn left or right to receive a food reward. In 
the first month after being given access to a range, birds that were faster at 
learning the T maze, on the whole, showed more visits to the range, indicating 
that range visits may be related to spatial learning abilities. The latter study 
also supported more fundamental research described earlier showing the 
importance of experience on spatial cognition and indicating that rearing in a 
spatially complex environment is likely to have beneficial effects on the ranging 
behaviour. Further research on the characteristics and the way in which chickens 
develop spatial cognitive skills would be useful to inform on-farm practices that 
facilitate a more uniform distribution and better use of ranging areas.

5.3.3  Implications of cognition to animal welfare

One question that has been explored previously (e.g. Nicol 2004b) is how 
the absence of important resources in barren environments may influence 
chickens. At perhaps a simple level, the absence of a key resource may not 
allow the chicken to perform a particular behaviour, and this in itself could lead 
to behavioural problems and impaired welfare. However, at a more complex 
level, it raises the question of whether chickens have the capacity to miss, in 
a cognitive sense, a resource that is lacking in their environment. Research on 
mental representations in chickens suggests that chickens may be able to hold 
mental representations of these missing resources, and the evidence that these 
representations can alter behaviour suggests that chickens can interpret these 
to guide decision making. Although this evidence suggests that chickens have 
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the mechanisms to represent absent resources in a flexible way, whether these 
representations can also trigger processes that allow a chicken to experience 
the absence of a resource is still unknown.

Additionally, the ability of chickens to form long-term memories and 
manipulate these memories to guide behaviour raises the possibility that 
they could recall past unpleasant events, and not only experience decreased 
welfare from them but perhaps also respond in an unwanted way. On a more 
positive note, the opposite could also be true. That is, past memories of good 
associations or events may allow an animal to cope better with recurring events. 
Although understanding the mental experiences of animals is a complex and 
challenging area of research, it provides insight into the possible welfare states 
of chickens in commercial systems.

Lastly, preference and motivational tests are a useful way to determine 
what animals want and can help us determine the importance of resources such 
as nest boxes, perches and dustbaths for chickens. One limitation of preference 
tests is that they do not clarify whether the animal’s choice is impulsive or the 
outcome of a careful appraisal. The implication of this is that it can be difficult 
to know just how important a preferred resource may be. Studies of transitive 
inference and self-control indicate that chickens are able to ‘weigh up’ the 
relationship between choices and can vary their responses depending on the 
expected outcome of those choices. Again, whether this indicates a careful 
appraisal is still to be determined, but chickens possess some of the mental 
abilities that would be necessary to achieve such appraisal.

6  Conclusion
As presented earlier, knowledge of chicken learning and cognition can help 
us re-frame our view and treatment of chickens in all our interactions with this 
species. This is no different to the development of our values with respect to 
all species we interact with. Knowledge of chicken learning and cognition can 
also be applied to improve welfare, and there has been significant progress in 
various areas of research for this to be able to be applied now. For example, 
knowledge of spatial cognition and its development could be applied to 
improve distribution and movement of chickens in large-group systems through 
changes in rearing practices. A pressing welfare and economic problem in laying 
flocks is feather pecking and cannibalism, and research suggests that facilitating 
the learning of what and what not to peck, possibly based on observation 
learning processes, could be useful in preventing or controlling outbreaks of 
these behaviours. No doubt new research will similarly have the potential to 
contribute to the improved management and care of chickens, and it would 
be pleasing to see a faster transition from the fundamental research on chicken 
learning and cognition to improvements in welfare in production systems.
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After reading about the complexity of chicken learning and cognition, 
it may be sensible to ask why chickens should possess such well-developed 
cognitive abilities. There are a couple of lines of evidence as to why chickens 
should be so cognitively advanced. First is that the complexity and variability 
in the environment has been a driver for complex cognition. Ancestors of 
domestic chickens would have lived in a home range and would need to 
remember and navigate between areas that are good for foraging, roosting, 
nesting and so on. Ancestors of chickens would also have had a varied 
diet and benefit from being flexible in identifying, learning and exploiting 
new foods. Environmental challenges such as these have been postulated 
as possible drivers for higher cognition in many animals. Second, chickens 
live in a complex social world where social bonds are established, need 
to be remembered and adjusted as individuals join and leave the social 
group. These relations may require a good long-term memory, the ability to 
infer third-party relationships and good communication to achieve group 
cohesion and synchronise the use of resources, and again may have been a 
driver for the evolution of sophisticated cognitive abilities. Clearly these two 
theories are not mutually exclusive, and it may be that they have both exerted 
evolutionary pressure for complex cognition in the ancestors of chickens. The 
complex mental abilities described in this chapter are therefore in keeping 
with the life history of the ancestors of chickens and should not be a surprise 
to biologists.
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