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Although we agree with the authors that more research into the cognitive and emotional life of
cows is necessary and that cognitive work on farm animals should not solely focus on applied aspects, we
would like to add and emphasize that basic research covering different aspects of livestock psychology
should always bear in mind its potential applied use, as it can provide new and exciting ways of
improving farm animal welfare.
Scientific interest in different aspects of farm animal psychology, including emotionality,
personality and cognitive abilities, is on the rise and shows no signs of abating. As such, the review by
Marino and Allen (2017) is a timely attempt to cover findings on a rather neglected farm animal species,
especially in terms of their cognitive abilities – the cow. In their review, they examine the current state of
research on cow behavior, explicitly focusing on learning and cognition, emotions, personality and social
complexity. We highly appreciate the authors’ effort and are sincerely impressed by the amount of
evidence they provide in a comprehensive and accessible format. The authors justly criticize that many
cognitive studies on cows are often conducted away from purely basic research and instead emphasize
applied sciences. We agree with them, but would like to add that basic research covering different aspects
of livestock psychology should always bear in mind its applied use, as it can provide new and exciting
ways of improving animal welfare in the long-term. Of course, by acknowledging that livestock animals
experience their environment in personal, cognitive and emotional ways, awareness on how these animals
are kept and handled will increase. However, we argue that it is not sufficient to only appreciate the
cognitive abilities of livestock animals; rather, we must also think about ways of transferring these basic
findings back into the barn to improve husbandry and management. Here, we want to highlight two
aspects of cattle psychology that can specifically contribute to an improvement in their welfare in the
long-term: animal learning and cognition and human-animal interaction.
Livestock housing conditions in commercial settings offer limited possibilities for exhibiting
species-appropriate behavior and are kept structurally simple. These limitations can lead to boredom and
frustration, which in turn can induce stress and reduce welfare (Wemelsfelder, 1993). One key to
overcoming this is to increase the biological relevance of housing conditions by incorporating new
elements or procedures into their environment. This environmental enrichment is supposed to elicit a
higher degree of behavioral diversity by increasing the complexity of the livestock environment (Averós
et al., 2010; Newberry, 1995). Despite structural enrichment, a loss of its novelty and the habituation that
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follows can counteract its initial positive impact. Knowledge on learning and cognition in livestock will
allow handlers to create and implement cognitively challenging tasks into the normal housing routine and
use them as a form of cognitive enrichment (Clark, 2011). Previous studies in livestock have already
shown that providing cognitive challenges improves how animals cope with their environment, and has
positive effects on their behavior, physiology, and health (Langbein, Nürnberg, & Manteuffel, 2004;
Puppe, Ernst, Schön, & Manteuffel, 2007; Zebunke, Puppe, & Langbein, 2013). In cattle, operant training
to receive a food reward induced greater excitement than offering the same reward for free (Hagen &
Broom, 2004). Given the opportunity, livestock animals seek cognitive challenges. When goats were
offered a reward for free or only after participating in an operant task, a large number of the animals
preferred to work for the reward, showing an intrinsic interest in cognitive challenges (Langbein, Siebert,
& Nürnberg, 2009). To avoid overwhelming or boring the animals with cognitive tasks, it is crucial to
know the species-specific perceptual, behavioral, physical, and cognitive abilities and limitations when
designing appropriate cognitive enrichment tasks.
Human-animal interactions in commercial settings can also be improved by a better
understanding of how livestock animals perceive, recognize, and interact with humans. In particular, our
knowledge of cows in this regard is rather limited. They discriminate between handlers and unfamiliar
people (Munksgaard, de Passillé, Rushen, & Ladewig, 1999; Rybarczyk, Koba, Rushen, Tanida, & de
Passillá, 2001), but we do not know yet how they mentally represent humans (for cow-cow recognition,
see Coulon, Deputte, Heyman, & Baudoin, 2009) or whether they are sensitive to human emotional
expressions and/or attentional stance. For instance, the ability to generalize the attentive states of handlers
might have severe impacts on stress responses in livestock animals, as gaze directed to an individual
might be considered as a threat. Sheep (Ovis aries) show higher levels of locomotor activity when
confronted with an attentive compared to an inattentive human (Beausoleil, Stafford, & Mellor, 2006),
while goats approach an attentive human over a non-attentive person when they anticipate a reward
(Nawroth & McElligott, 2017). Research on a number of livestock species has shown that fear-related
stress levels induced by routine handling practices of handlers can limit their productivity and welfare,
while positive human-animal interactions can increase productivity (Breuer, Hemsworth, Barnett,
Matthews, & Coleman, 2000). Thus, it is crucial to know how negative impacts can be minimized by
reducing aversive handling practices and to recognize and implement positive human-animal interactions
to improve welfare as well as productivity (Waiblinger et al., 2006). By implementing findings from basic
research, applied research can be better adjusted to measure how subtle human behavioral changes can
have rewarding or aversive effects on livestock behavior (Hemsworth, 2003; Nawroth, 2017).
General research on livestock cognitive abilities is an important tool for understanding how farm
animals perceive and react to their environment, which is of huge importance for improving housing and
management practices. We are looking forward to seeing more studies apply relevant findings from basic
research to applied settings. As such, we highlight the need for more research investigating the cognitive
and emotional capacities of a diverse set of livestock animals. Their outcomes will help us to understand
how livestock animals see their world and will improve animal welfare in the long-term.
References
Averós, X., Brossard, L., Dourmad, J.-Y., de Greef, K. H., Edge, H. L., Edwards, S. A., & Meunier-Salaün, M.-C.
(2010). A meta-analysis of the combined effect of housing and environmental enrichment characteristics on
the behaviour and performance of pigs. Applied Animal Behaviour Science, 127, 73–85.
http://doi.org/10.1016/j.applanim.2010.09.010
Beausoleil, N. J., Stafford, K. J., & Mellor, D. J. (2006). Does direct human eye contact function as a warning cue
for domestic sheep (Ovis aries)? Journal of Comparative Psychology, 120, 269–279.
http://doi.org/10.1037/0735-7036.120.3.269
Breuer, K., Hemsworth, P. H., Barnett, J. L., Matthews, L. R., & Coleman, G. J. (2000). Behavioural response to
humans and the productivity of commercial dairy cows. Applied Animal Behaviour Science, 66, 273–288.
http://doi.org/10.1016/S0168-1591(99)00097-0
Clark, F. E. (2011). Great ape cognition and captive care: Can cognitive challenges enhance well-being? Applied

Nawroth & Langbein 521

Animal Behaviour Science, 135, 1–12. http://doi.org/10.1016/j.applanim.2011.10.010
Coulon, M., Deputte, B. L., Heyman, Y., & Baudoin, C. (2009). Individual recognition in domestic cattle (Bos
taurus): Evidence from 2D-images of heads from different breeds. PloS ONE, 4, e4441.
http://doi.org/10.1371/journal.pone.0004441
Hagen, K., & Broom, D. M. (2004). Emotional reactions to learning in cattle. Applied Animal Behaviour Science,
85, 203–213. http://doi.org/10.1016/j.applanim.2003.11.007
Hemsworth, P. (2003). Human–animal interactions in livestock production. Applied Animal Behaviour Science, 81,
185–198. http://doi.org/10.1016/S0168-1591(02)00280-0
Langbein, J., Nürnberg, G., & Manteuffel, G. (2004). Visual discrimination learning in dwarf goats and associated
changes in heart rate and heart rate variability. Physiology & Behavior, 82, 601–9.
http://doi.org/10.1016/j.physbeh.2004.05.007
Langbein, J., Siebert, K., & Nürnberg, G. (2009). On the use of an automated learning device by group-housed
dwarf goats: Do goats seek cognitive challenges? Applied Animal Behaviour Science, 120, 150–158.
http://doi.org/10.1016/j.applanim.2009.07.006
Mason, G., Clubb, R., Latham, N., & Vickery, S. (2007). Why and how should we use environmental enrichment to
tackle stereotypic behaviour? Applied Animal Behaviour Science, 102, 163–188.
http://doi.org/10.1016/j.applanim.2006.05.041
Munksgaard, L., de Passillé, A., Rushen, J., & Ladewig, J. (1999). Dairy cows’ use of colour cues to discriminate
between people. Applied Animal Behaviour Science, 65, 1–11. http://doi.org/10.1016/S0168-1591(99)00055-6
Nawroth, C. (2017). Invited review: Socio-cognitive capacities of goats and their impact on human-animal
interactions. Small Ruminant Research, 150, 70–75. http://doi.org/10.1016/j.smallrumres.2017.03.005
Nawroth, C., & McElligott, A. G. (2017). Human head orientation and eye visibility as indicators of attention for
goats (Capra hircus). PeerJ, 5, e3073. http://doi.org/10.7717/peerj.3073
Newberry, R. C. (1995). Environmental enrichment: Increasing the biological relevance of captive environments.
Applied Animal Behaviour Science, 44, 229–243. http://doi.org/10.1016/0168-1591(95)00616-Z
Puppe, B., Ernst, K., Schön, P. C., & Manteuffel, G. (2007). Cognitive enrichment affects behavioural reactivity in
domestic pigs. Applied Animal Behaviour Science, 105, 75–86. http://doi.org/10.1016/j.applanim.2006.05.016
Rybarczyk, P., Koba, Y., Rushen, J., Tanida, H., & de Passillá, A. M. (2001). Can cows discriminate people by their
faces? Applied Animal Behaviour Science, 74, 175–189. http://doi.org/10.1016/S0168-1591(01)00162-9
Waiblinger, S., Boivin, X., Pedersen, V., Tosi, M.-V., Janczak, A. M., Visser, E. K., & Jones, R. B. (2006).
Assessing the human-animal relationship in farmed species: A critical review. Applied Animal Behaviour
Science, 101, 185–242. http://doi.org/10.1016/j.applanim.2006.02.001
Wemelsfelder, F. (1993). The concept of animal boredom and its relationship to stereotyped behaviour. In A. B.
Lawrence & J. Rushen (Eds.), Stereotypie behavior: Fundamentals and applications to animal welfare (pp.
65–95). Wallingford United Kingdom: CAB International.
Zebunke, M., Puppe, B., & Langbein, J. (2013). Effects of cognitive enrichment on behavioural and physiological
reactions of pigs. Physiology & Behavior, 118, 70–79. http://doi.org/10.1016/j.physbeh.2013.05.005

