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ABSTRACT 

Within animal husbandry, the biological needs of animals are rarely met. Captive housing 

environments are often barren and provide animals only with the basic requirements. The 

introduction of cognitively challenging tasks has been suggested to put captive animals in a 

position where they can engage evolved cognitive skills and actively control some aspects of 

their environment. Current evidence suggests that frequent exposure to cognitive stimulation 

not only constitutes a need, but also has potential positive effects on the welfare of animals. 

First results indicate that by increasing behavioural flexibility and reducing stress reactivity, 

cognitive stimulation could improve an animal’s ability to adapt and cope with its 

environment.  

 

The introduction of automated cognitive enrichment devices in the housing environment of 

animals has been commonly used to provide cognitive stimulation to animals in captivity. 

Cognitive tests are increasingly conducted in many zoos as well as research facilities around 

the world to assess cognitive skills of many species. While the goal of cognitive enrichment 

devices is the engagement of cognitive skills, cognitive tests primarily aim to assess these. 

Cognitive tests often require animals to be isolated, handled by a human and/or given food 

reinforcement by a human. To assess the effects of cognitive testing on welfare, it has to be 

disentangled from these confounding factors (Chapter I).  

 

In this thesis, it was investigated whether goats want to be cognitively challenged and whether 

cognitive stimulation, by means of long-term exposure to cognitive tests, might positively 

affect behaviour and welfare. Goats are a good model species for this research question 

because lots of literature on their cognitive skills and their reaction to stress exists. For 

instance, genetic selection for certain traits such as high productivity can lead to reduced 

motivation to work for feed as well as reduced activity and stress reactivity. To account for 

this fact and to increase external validity and variability of our results, dairy goats selected for 

high productivity, and dwarf goats, not selected for production traits were tested. 

 

The first aim of this thesis was to assess whether goats have an intrinsic motivation for 

cognitive stimulation and thus work for food in a manipulation task that resembles their 
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natural foraging behaviours and requires low effort (Chapter II). We examined whether 

domestic goats choose to open a sliding door to receive a reward rather than getting the same 

reward for free. This phenomenon, known as Contrafreeloading (CFL), has been explained by 

an intrinsic motivation to search for information, novelty, and challenges, amongst other 

things. Using an Item Response Tree generalized linear mixed model, we found that goats do 

work for food. Both selection lines of goats are similarly motivated to do so but differ in their 

performance over several trials. 

 

Farm animals must be able to deal with many stressors such as isolation or handling by 

humans. To investigate if cognitive stimulation has the potential to improve an animal’s ability 

to cope with these stressors and thus to reduce stress reactivity, we conditioned three 

treatment groups (Chapter III). Goats from the COG treatment group were tested individually 

in human-presented object-choice tests. Goats in the POS treatment were isolated individually 

in the same arena as COG goats but received rewards without being administered the object-

choice tests. Goats in the ISO treatment group were isolated individually but neither received 

a reward nor were administered the tests. Subsequently, we tested all treatment groups in 

four tests: a Novel Arena test (NA), a Novel Object test (NO), a Novel Human test (NH) and a 

weighing test (WH) where goats were handled on a weigh scale. To increase external validity, 

we tested both selection lines (dairy and dwarf goats) at two research sites. We did not find 

evidence that long-term cognitive testing did have a substantial effect on stress reactivity in 

any of these tests. However, positive human contact seemed to increase boldness towards a 

novel object and increased reactivity towards handling in dwarf goats. Furthermore, we found 

that reactivity towards different stressors is strongly affected by selection line. 

 

As farm animals are exposed to different husbandry systems throughout their life, they need 

to be able to flexibly adapt to their surroundings. It has been proposed that mastering tasks 

successfully makes the animal proficient in manipulating its environment, and likely improves 

behavioural flexibility. Using the same three treatment groups as in Chapter III, we 

investigated whether cognitive testing improves behavioural flexibility of goats in two 

conceptually different cognitive tests, namely a spatial A-not-B detour test and an 

instrumental problem-solving test (Chapter IV). Again, we tested both selection lines (dairy 

and dwarf goats) at two research sites. We found that cognitive testing per se (COG) and 
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exposure to a testing environment via human-given object-choice tests (POS) do not notably 

affect the performance in subsequent conceptually different cognitive tests in goats.  

 

In summary, we found that two different selection lines of domestic goats are similarly 

interested in cognitive stimulation and are willing to work for it. Further, we did not find 

general effects of cognitive testing (COG) per se or human-animal-interaction (POS) on 

responses to different stressors in goats in a novel arena test, a novel object test, a novel 

human test and during weighing on a scales. Selection lines did differ in some aspects of stress 

reactivity, but cognitive testing and positive human contact seem to have caused some 

differences to disappear in the POS and COG dwarf goats. With respect to the goats’ detour 

or problem-solving performance, we found only subtle differences between treatments. 

Finally, our multi-lab approach in Chapter III and IV allowed us to detect large variances 

between research sites that should be considered when making claims from data obtained on 

single sites. 
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Chapter 1  

General introduction  

Animal welfare – a multidimensional concept 

Animal welfare has become an increasingly important topic over the last decades due to the 

intensification of livestock production systems, technological innovations, evolving dietary 

habits, and changes in consumer perception (Alonso, González-Montaña, & Lomillos, 2020; 

Donald M. Broom, 2019). As animal welfare consists of multiple domains (e.g., behaviour, 

health, nutrition, environment, mental states) and is perceived by animals subjectively, the 

definition of welfare is neither definitive nor exhaustive (Hemsworth, Mellor, Cronin, & 

Tilbrook, 2015; Mellor et al., 2020). In 1986, Broom defined animal welfare as “the animals 

state as regards its attempts to cope with its environment.”(1986, p. 524). Thus, only if an 

animal can react to and cope with environmental challenges, its welfare may be termed good 

(Wechsler, 1995; Wemelsfelder and Birke, 1997).  

Initially, the assessment of welfare was focused on negative experiences and mental states 

that affect biological functioning, health and behaviour (Mellor, 2016). From the early 2000s, 

more attention was given to the assessment of positive experiences and mental states (e.g., 

Boissy et al., 2007; Désiré, Boissy, & Veissier, 2002; Mellor, 2016). This was mainly due to 

increasing scientific literature discussing the concepts of affective states, feelings and 

emotions in animals (Bekoff, 2000; Boissy et al., 2007; Dawkins, 2000; Désiré et al., 2002; 

Mellor, 2015) and  the recognition that good animal welfare cannot be achieved simply by 

avoiding negative experiences (Mellor, 2015; Mellor et al., 2020). While the assessment of 

welfare through biological functions is relatively clear-cut, measuring mental welfare states is 

more challenging (Brydges & Braithwaite, 2008). Emotions are composed of 

neurophysiological, behavioural, cognitive and subjective components (Keltner & Lerner, 

2010). The subjective component of emotions cannot be assessed directly in animals as they 

cannot verbally communicate; however, the physiological, behavioural and cognitive 

components can potentially be used as indicators of welfare in nonhuman animals (Mendl, 

Burman, & Paul, 2010).   
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Species-specific behaviour and the role of cognitive capacities 

Animals in the wild have to locate mating partners, avoid predators, and/or find and hunt prey 

in order to survive. They also must learn how to obtain or avoid certain food types; remember 

food sources and they need to be able to acquire information about their environment via 

exploration or social learning. Necessarily, these adaptations to a changing physical and social 

environment, as well as the use of different foraging strategies and food sources led to the 

development of species-specific behaviour and cognitive capacities (Dunbar, 1998; 

Shettleworth, 2001). Shettleworth (2001, p. 277) states: “Cognitive processes such as 

perception, learning, memory and decision making play an important role in mate choice, 

foraging and many other behaviours”. In captivity, these capacities and cognitive skills are 

challenged infrequently, or inappropriately (Meehan & Mench, 2007; Spinka & Wemelsfelder, 

2017). The inability of an animal to perform species-specific behaviour is a major source of 

stress (Morgan & Tromborg, 2007) which can impair health and welfare. More recently, the 

stimulation of evolved cognitive capacities has been linked to the mental well-being of an 

animal and its lack may result in boredom and anhedonia (Fureix and Meagher, 2015, Meagher 

and Mason, 2012). Thus, the performance of specific behavioural patterns and activities as 

well as the stimulation of the cognitive processes involved in these activities are prerequisites 

for good animal welfare and thus might be called needs.  

Behavioural needs and how they were affected by domestication. 

A behavioural need has been described as a behavioural pattern that the animal apparently 

needs to perform, regardless of environmental stimuli  (Mench, 1998).  The seeking of novelty 

and exploration of novel environments may be examples for such behavioural needs, as the 

prevention of performance of these behaviours has been found to cause frustration in 

animals, especially in intensive housing systems (Studnitz, Jensen, & Pedersen, 2007; Wood-

Gush & Vestergaard, 1989).  According to the “Information Primacy Theory” by Inglis (1997) 

in nature, animals gather information about potential food sources where food shortages can 

occur. The more information an animal has, the better it can adapt to its environment and the 

higher its chance to survive (Dall, Giraldeau, Olsson, McNamara, & Stephens, 2005). This 
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behaviour may be partially explained by an intrinsically motivated drive to manipulate the 

environment (Harlow, Harlow, & Meyer, 1950). 

Domestication  
Behaviour of domesticated animals does not differ much from that of ancestors and thus, 

domestic animals have similar behavioural needs (E. Price, 1999). One common definition of 

domestication has been suggested by Prize (1984) and states that “the process of animal 

domestication involves adaptation, in particular, adaptation to man and the environment he 

provides”. Through the intervention of man in the lives of animals and their subsequent 

artificial selection, certain behavioural traits that were originally necessary for survival have 

been genetically changed (Price, 1999). However, most natural behaviours were not 

unlearned or only slightly reduced to fit captive conditions and domesticated animals normally 

still show almost all of their species-specific behaviours (P. Jensen, 2006; Price, 1999). For 

example, the nest building behaviour in sows has not been lost during the process of 

domestication and is shown even in pigs kept in modern husbandry systems (Wischner, 

Kemper, & Krieter, 2009). If an animal cannot perform an ethologically motivated behaviour 

and thus a behavioural need, its welfare can be impaired and it may be suffering (Jensen & 

Toates, 1993).  

Selection for high productivity 

It has been documented that artificial selection for high productivity in farm animals can lead 

to changes in other traits, such as health or reproduction (as reviewed by Rauw, Kanis, 

Noordhuizen-Stassen, & Grommers, 1998). For example, the selection for high productivity in 

many farm animal species has reduced stress reactivity during human-animal interactions 

(Campler, Jöngren, & Jensen, 2009; Colpoys et al., 2014; Lindqvist & Jensen, 2008; Schütz & 

Jensen, 2001), and altered the reaction to isolation (Kilgour & Szantar-Coddington, 1995; 

Romeyer & Bouissou, 1992). These “side-effects” of selecting for high productivity may be 

explained by a resource allocation towards productivity and away from other energy 

demanding traits (Beilharz, Luxford, & Wilkinson, 1993).  For instance, in chicken bred for high 

egg productivity, the motivation to forage, explore, and feed from a hidden food source 

(contrafreeloading) has been reduced in comparison to red jungle fowl, which have not been 

selected for high productivity (Lindqvist & Jensen, 2009; Schütz & Jensen, 2001).  The high 

artificial selection pressure on specific traits did not only affect behavior but also cognitive 

abilities, by means of altering brain morphology (Mehlhorn & Caspers, 2021). In laying hens, 
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the selection for high egg productivity affected learning behavior with high productive hens 

showing enhanced learning strategies compared to less productive hens (Dudde, Krause, 

Matthews, & Schrader, 2018). Thus, selection apparently shaped adaptive strategies of 

domesticated animals towards more predictable man-made environments, but the 

motivation to perform species-specific behaviour such as foraging for food and engage 

evolved cognitive skills did not disappear. 

Cognitive stimulation as a behavioural need 

As defined by Shettleworth (2001, p. 278) cognition “includes perception, learning, memory 

and decision making, or in other words, all ways in which animals take in information about 

the world through the senses, process, retain and decide to act on it”. Cognitive abilities are 

often categorised in two domains: the domain of physical cognition including e.g. knowledge 

of space, quantities, and causality, and the domain of social cognition including e.g. 

communication with humans, attributing mental states to others (Kaminski, Call, & Tomasello, 

2008; Nawroth, 2017). Over the last decades, cognitive research in farm animals has become 

of increasing interest and some of the many cognitive capacities farm animals possess have 

been unravelled (Gieling, Nordquist, & van der Staay, 2011; Nawroth et al., 2019; Nicol, 1996). 

For instance, goats can solve visual discrimination and spatial detour tests (Langbein, Siebert, 

& Nuernberg, 2008; Langbein, Nürnberg, & Manteuffel, 2004; Nawroth, Baciadonna, & 

McElligott, 2016; Raoult, Osthaus, Hildebrand, McElligott, & Nawroth, 2021). Horses have the 

ability to discriminate the quantity of different abstract symbols (Gabor & Gerken, 2014). And 

pigs are able to able to differentiate between different amounts of food (Held, Baumgartner, 

Kilbride, Byrne, & Mendl, 2005). As the outcomes of cognitive tests can be used as the basis 

for husbandry recommendations (Croney, Gardner, & Baggot, 2004; Zobel & Nawroth, 2020), 

investigating cognitive abilities of animals can help to improve animal welfare.  

 

It has been even suggested that animals want to be challenged (Clark, 2017; Spinka & 

Wemelsfelder, 2017). The phenomenon when animals invest effort to access a resource even 

if the identical resource is available for free has been called contrafreeloading (CFL) and has 

been described in many captive species (reviewed by Inglis et al., 1997). Neuringer (1969) was 

one of the first to demonstrate that pigeons will peck at a disc repeatedly to receive food when 
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the same food was also available for free. Not only pigeons have been found to be motivated 

to work for resources such as food. Similar results have been shown in many farm animals 

such as pigs, cattle and chickens (de Jonge, Tilly, Baars, & Spruijt, 2008; Hessle, Rutter, & 

Wallin, 2008; C. Lindqvist & Jensen, 2008; Van Os, Mintline, DeVries, & Tucker, 2018). In a 

study by Langbein et al. (2009), dwarf goats readily used a touch screen on an automated 

drinking device to receive water although water was also available for free. Meagher et al. 

(2020) found that cattle are highly motivated to work to access a discrimination learning task 

and concluded that learning tasks can offer welfare benefits. As there is evidence that animals 

will voluntarily engage in opportunities to use their cognitive abilities, the stimulation of 

cognitive functions might be a behavioural need and important for the welfare of captive 

animals (Meehan & Mench, 2007). 

 

The functional reason of CFL is still debated, but there are several, not mutually exclusive, 

theories. According to the “Information Primacy Theory” by Inglis (1997), CFL is a form of 

acquiring information of potential future food sources and thus adaptive in an unpredictable 

environment where food shortage can occur. Another theory to explain CFL is White’s 

Competence Theory (White, 1959) which suggests that animals have a need to control and 

manipulate their surroundings. Performing a cognitive task may give the animal a feeling of 

control over its situation (Bassett & Buchanan-Smith, 2007; Singh & Query, 1971). It has also 

been suggested that solving a cognitive challenge successfully is stimulating in itself (Jensen, 

1963). If being involved in a problem-solving experience is itself rewarding and may lead to 

positive emotions, we can assume that an animal will seek cognitive stimulation even if no 

extrinsic motivation exists. Indeed, chimpanzees have been observed to seek interaction with 

a cognitive challenging device even if they are not provided a food reward or other extrinsic 

positive reinforcement (Clark & Smith, 2013). Thus, the stimulation of cognitive processes may 

serves different purposes, but nevertheless appears to be important to animals and linked to 

their welfare. 

Cognition and welfare are linked 

The association between cognition and welfare is complex and not uni-directional (Franks, 

2019). Cognitive processes can influence welfare, but at the same time, cognition can be 
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affected by an animal’s welfare state (Mendl, 1999). For example, the understanding that an 

object exists, even if it is out of sight (‘object permanence’), can improve the predictability of 

an environment for the animal and thus its welfare (Nawroth et al., 2019). Conversely, if an 

animal’s welfare is impaired due to fear or stress, its cognitive functions may be impaired (i.e. 

Regolin, Vallortigara, & Zanforlin, 1995). For example, Regolin (1995) used detour tasks to 

assess object permanence in chicks and reported that their performance was impaired when 

the chicks were tested under stressful conditions such as social isolation.  

 

Based on current findings in animal welfare research, it becomes obvious that animal welfare 

and cognitive processes are inevitably linked.  Most research to date has focused on the link 

between welfare and emotions (Baciadonna, Duepjan, Briefer, de la Torre, & Nawroth, 2018; 

Boissy et al., 2007; Paul, Harding, & Mendl, 2005), whereas the need of animals to receive 

sufficient cognitive stimulation in captive environments to provide good welfare has been 

rather neglected (Boissy & Lee, 2014; Brydges & Braithwaite, 2008). In the past decade 

though, the importance of cognitive stimulation for animal welfare has gained interest from 

researchers (Clark, 2011, 2017; Manteuffel, Langbein, & Puppe, 2009; Meyer, Puppe, & 

Langbein, 2010) and as a result the environment of captive animals was increasingly enriched 

with opportunities to engage cognitive skills in addition to more common enrichment forms 

such as opportunities to search for food or engage with conspecifics (Clark, 2011, 2017). 

Environmental enrichment to account for behavioural needs 

Captive animals in farms, zoos or laboratories often live in very restricted environments 

(Newberry, 1995). The performance of species-specific behaviour may be impaired in such 

barren housing conditions causing stress in animals (Morgan & Tromborg, 2007). According to 

Newberry (1995), modifications to the environment causing an improvement in the biological 

functioning of captive animals can be defined as environmental enrichment. The application 

of environmental enrichment is originating from the zoo setting and has also been defined as 

“...an animal husbandry principle that seeks to enhance the quality of captive animal care by 

identifying and providing the environmental stimuli necessary for optimal psychological and 

physiological well-being“ (Shepherdson, Mellen, & Hutchins, 1999). Environmental 
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enrichment does not only aim to provide physical occupation but also appropriate challenges 

for psychological stimulation, hence different types of enrichment can be classified.  

Structural enrichment 

Structural enrichment is the most applied type and defined as a temporary or permanent 

provision of objects or substrates in the housing environment.  Enrichment items have to be 

chosen carefully, i.e., they should be stimulating biologically/ecologically relevant behaviour 

of a species to make them effective tools to improve wellbeing.  For instance, hiding and 

climbing are ecologically relevant behaviours for goats. These behaviours may even be 

necessary for physiological and psychological wellbeing of this species. Indeed, the 

opportunity to climb and feed in elevated spaces has been found to improve welfare by 

increasing feeding bout duration and decreasing disruption when lying (Aschwanden, Gygax, 

Wechsler, & Keil, 2009). Enriching the captive environment with structural elements to climb 

and hide allows the animal to perform these natural behaviours and thus may serve a 

behavioural need (Zobel & Nawroth, 2020; Zobel, Neave, & Webster, 2019). Depending on the 

aim of the enrichment, the timing and amount of provision has to be right, in order to avoid a 

loss of interest (e.g., Jones, Webster, & Vea Salvanes, 2021; Wells, 2004). In order to stimulate 

paying behaviour in dogs, Wells (2004) provided them with 5 different types of toys on 

separate days and found that dogs spent relatively little (<8%) of the overall observation time 

playing with the toys. Their interest in the toys also waned over time. Thus, the authors 

suggested that regular rotation of such enrichment items is necessary to prevent habituation 

and increase the welfare benefit.  

Sensory enrichment 

Sensory enrichment contains acoustic, olfactory and visual stimulation and is most commonly 

used in zoo animals (de Azevedo, Cipreste, & Young, 2007). The best effects will most likely be 

achieved by targeting the most dominant senses, but will also depend on species, sex, age, 

and housing conditions (Wells, 2009). For instance, the introduction of olfactory enrichment 

(rose and ginger oil, vanilla, orange, mint, and banana extracts) to zoo-housed Rothschild 

giraffe decreased inactivity and altered exhibit utilization in the short-term (Fay & Miller, 

2015). Thus, scent provision encouraged more species-specific behaviour by the introduction 

of novelty into the zoo environment targeting one of the goals of environmental enrichment. 

In another study by Powell (1995), African lions were introduced to scents of musk cologne, 

allspice and extracts of peppermint and almond. The study found that the scents increased 
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the activity level of the lions. In terms of sounds, Kogan et al. (2012) found that kennelled dogs 

were found to spend more time showing behaviours indicative of relaxation (i.e. decreased 

barking, increased sleeping) when exposed to classical music. Individuals differ in their 

preferences e.g. for smells (Fay & Miller, 2015). Thus, the kind of stimuli used for enrichment 

has to be carefully chosen to avoid unnecessary additional stress.  For instance, in felids some 

odours have been found to have arousing effects (de Resende et al., 2011; Wells & Egli, 2004), 

which may want to be avoided if a reduction of activity or stress is the aim of the enrichment. 

Visual stimulation by means of moving televised video images as a form of enrichment have 

been found to induce positive behavioural changes in a wide variety of species such as 

primates (e.g. Platt & Novak, 1997), chicken (Clarke & Jones, 2000), and kennelled dogs 

(Graham, Wells, & Hepper, 2005). Surprisingly, in her review, Wells (2009) mentions 

computer-based challenges as a form of visual enrichment, while other studies use computer-

based tasks to cognitively enrich animals (Langbein et al., 2004). 

Social enrichment 

Social enrichment may be provided in two ways. Most commonly it describes the introduction 

of conspecifics into the housing environment of an animal (e.g., De Paula Vieira, von 

Keyserlingk, & Weary, 2010; Toyoshima, Yamada, Sugita, & Ichitani, 2018;  Wells, 2004) 

allowing it to perform species-specific social behaviour. However, also the interaction with a 

human may be seen as enriching and can have positive effects on behaviour if the human-

animal-relationship is good (Baker, 2004; Cerrone, 2019). The positive effects of keeping 

animals in social groups on behaviour and cognitive development have been first assessed 

mainly in laboratory animals (e.g. rhesus monkeys: Sánchez, Hearn, Do, Rilling, & Herndon, 

1998; Schapiro, Bloomsmith, Porter, & Suarez, 1996), but are increasingly appreciated and 

adopted also in farm animal husbandry due to evidence on improved behaviour and 

performance (De Paula Vieira, de Passillé, & Weary, 2012; De Paula Vieira et al., 2010) as well 

as improved cognitive functions (Gaillard, Meagher, Von Keyserlingk, & Weary, 2014).  

Cognitive enrichment 

The concept of cognitive enrichment has initially been applied to zoo animals to improve 

welfare through rewarded instrumental learning (Carlstead & Shepherdson, 2000). In 2007, 

cognitive enrichment was the least commonly applied type of enrichment (de Azevedo et al., 

2007). Since then, appropriate cognitive challenges for captive animals have been suggested 

by many more researchers to promote psychological well‐being (Meehan & Mench, 2007; 
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Meyer et al., 2010; Spinka & Wemelsfelder, 2017). However, it is difficult to proof that an 

animal is mentally enriched.  

 

In contrast to other forms of enrichment, cognitive enrichment is difficult to define. For 

instance, while it is intuitive that providing climbing racks for animals that have the 

behavioural need to climb fall into the category of structural enrichment, it is hard to decide 

if a push gate to access food is experienced as cognitive stimulation or is rather seen as 

physical work to access a resource for an animal. According to Clark (2011, p. 6), cognitive 

enrichment "(1) engages evolved cognitive skills by providing opportunities to solve problems 

and control some aspect of the environment, and (2) is correlated to one or more validated 

measures of well-being". The idea of using instrumental learning as enrichment is based on 

the assumption that welfare of animals in captivity is compromised by conditions that are 

neither resolvable nor controllable. This also applies to farm animals which are living in often 

barren environments with no possibility to execute control over their environment. Broom 

(Broom, 2008, p. 81) states “Poor welfare is often associated with lack of control over 

interactions with the environment of the individual, i.e. with difficulty in adapting”. This theory 

is linked to the concepts of competence and agency (White, 1959). It postulates the need of 

animals to control and modify their surroundings. In addition, the successful learning of the 

link between the performance of a specific behaviour and its functional outcome has been 

also suggested to reduce uncertainty and improve predictability and controllability for an 

animal (Bassett & Buchanan-Smith, 2007). Zebunke et al. (2013, p. 70) stated that “Through 

cognitive interaction with the environment, the animals regain a certain control over their 

environment”. Cognitive stimulation may be a promising way to flexibly provide farm animals 

with challenging situations and with opportunities to gain some control over their 

environment and has been found to have a broad range of welfare impacts (Jan Langbein, 

Nürnberg, Puppe, & Manteuffel, 2006; Jan Langbein, Siebert, Nuernberg, & Manteuffel, 2007; 

Oesterwind, Nürnberg, Puppe, & Langbein, 2016; Puppe, Ernst, Schön, & Manteuffel, 2007; 

Zebunke et al., 2013).  

 

It should be kept in mind that only suitable challenges that can be solved by the individual 

have the potential to improve welfare. Boredom and anhedonia may be caused in case of 

under-stimulation (Fureix & Meagher, 2015), while an unsolvable problem can lead to anxiety 
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and distress, and hence to physiological and behavioural problems such as learned 

helplessness (Maier & Seligman, 1976). According to Meehan and Mench (2007) appropriate 

challenges for captive animals may elicit initial frustration but they should be solvable via the 

application of cognitive and behavioural skills. In a study by Langbein et al. (2004), goats that 

were objected to a novel cognitive task initially showed an increase in heart rate indicative of 

stress.  After they had learned to master the task successfully, heart rate decreased again (Jan 

Langbein et al., 2004) which may be a sign of positive stress (=eustress, Selye, 1975). 

Therefore, it is recommended that the cognitive capacities need to be carefully considered at 

the species level, but also at the individual level when implementing tasks to cognitively enrich 

animals. Challenges for the purpose of cognitive enrichment should not be forced upon the 

animal and adapted to the individual’s skill level to ensure positive effects on welfare.  

Cognitive enrichment and its impact on welfare-related parameters 

Effects on reactivity towards different stressors 

Captive animals are frequently exposed to stressors related to housing and husbandry 

routines that include the confrontation with novel stimuli to various extents (e.g., during 

health checks, temporal separation or relocation and cleaning of facilities), separation from 

the group or handling by humans. Current evidence suggests that frequent exposure to 

cognitive stimulation/training may alter behavioural responses to future challenges and thus 

can have positive effects on several aspects of welfare such as human-animal interactions or 

the reactivity towards novelty and towards isolation (Oesterwind et al., 2016; Puppe et al., 

2007; Zebunke et al., 2013).  

Novelty 

Novelty is often a potent trigger of fear reactions in animals. Nevertheless, it is unavoidable 

that animals will be confronted with many novel stimuli during their life. The novel object test 

is often used to assess stress reactivity towards a novel stimulus and to investigate the 

motivation to explore (Finkemeier, Oesterwind, Nürnberg, Puppe, & Langbein, 2019; 

Sneddon, Braithwaite, & Gentle, 2003). There is empirical evidence for the positive 

relationship between welfare and exploratory tendency whereby the absence of curiosity and 

exploration can be indicative of stress (Forkman, Boissy, Meunier-Salaün, Canali, & Jones, 
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2007). Environmental enrichment increases the animals exposure to novel stimuli and has 

been successfully applied in farm animal husbandry where it decreased fear responses to 

novel objects (Beattie, O’Connell, Kilpatrick, & Moss, 2000; Hillmann, Von Hollen, Bünger, 

Todt, & Schrader, 2003; Oesterwind et al., 2016). Similar effects have been documented for 

the introduction of cognitive enrichment with cognitively enriched animals being more 

explorative in a novel object test than non-enriched ones (Oesterwind et al., 2016; Puppe et 

al., 2007; Zebunke et al., 2013). For example, in a study by Oesterwind et al. (2016), the impact 

of structural and cognitive enrichment on learning as well as on the behavioural and 

physiological responses of goats was investigated. While structural enrichment increased 

activity of the animals in a novel arena test, cognitive enrichment increased curiosity towards 

and duration of contact with an unknown object in a novel object test. Similarly, a study 

investigating the effect of a call-feeding station as cognitive enrichment found that it increases 

exploration and reduces fear in stressful situations such as a in novel arena (Zebunke et al., 

2013). This may be attributed to an improvement in behavioural competence in challenging 

situations. The previously mentioned novel arena and novel object tests do not only assess 

stress caused by novelty, but likely also stress caused by separation from the group, as both 

are commonly testing animals in isolation. 

Separation from the group 

Captive animals are frequently separated temporarily for veterinary treatments, 

management, or experimental procedures. Separation from the group is stressful for most 

social animals and has been found to increase vocalisations, heart rate and cortisol levels 

(Aschwanden, Gygax, Wechsler, & Keil, 2008a; Boissy & Le Neindre, 1997; Da Costa, Leigh, 

Man, & Kendrick, 2004; Patt et al., 2013; Siebert, Langbein, Schön, Tuchscherer, & Puppe, 

2011). Even though habituation can help to reduce stress responses towards many novel 

stimuli, repeated confrontation to isolation in goats does not appear to lead to habituation or 

sensitisation (Siebert et al., 2011). Further, Siebert et al. (2011) stated that isolation should be 

avoided or only applied if absolutely necessary (e.g., essential veterinary treatments), as it 

does impair welfare. The open field or novel arena test has been used to assess behavioural 

reactions towards isolation and a novel environment in many species (Graunke, Nürnberg, 

Repsilber, Puppe, & Langbein, 2013a; Neave, Costa, Weary, & von Keyserlingk, 2018; 

Oesterwind et al., 2016; Prut & Belzung, 2003). Cognitive stimulation has been found to help 

increase the ability to cope with stress in this type of test. For example, in pigs, the 
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introduction of cognitive stimulation in the form of an automated call-feeding station altered 

behaviour in an open field test towards a reduction in activity as well as reduced vocalisation, 

lower escape rates and excretion behaviour compared to controls (Puppe et al., 2007). The 

reaction to separation from conspecifics may differ depending on the presence or absence of 

a familiar human in the test pen (Tallet et al., 2014). 

Human-animal interaction 

The relationship between human and animal can strongly influence an animals’ welfare. 

Positive experiences in early life stages are reported to have durable positive effects on future 

interactions (e.g. goats: Lyons, 1989). In a study by Lesink et al. (2001), calves that received 

additional human contact interacted longer with the unfamiliar person, were easier to load 

for transport and had lower heart rates than calves which received only minimal contact by 

humans. Similarly, previous positive handling or human contact has been shown to increase 

the readiness of animals to approach people (Hemsworth, Verge, & Coleman, 1996; Jago, 

Krohn, & Matthews, 1999; Waiblinger, Menke, & Fölsch, 2003), and to affect behaviour in the 

presence and absence of a human in unfamiliar environments (Boivin, Tournadret, & Le 

Neindre, 2000; Tallet et al., 2014; Tallet, Veissier, & Boivin, 2009). In contrast, negative 

experiences with humans have been found to increase fear and impair welfare in farm animals 

(Breuer, Hemsworth, & Coleman, 2003). The perception of and reactivity towards a human is 

not only affected by past experiences, but also by genetics (Le Neindre, Poindron, Trillat, & 

Orgeur, 1993; Murphey, Duarte, & Torres Penedo, 1981). For instance, selection for high 

productivity has been shown to reduce stress reactivity during human-animal interactions 

(Boissy et al., 2005; Campler et al., 2009; Colpoys et al., 2014; Schütz & Jensen, 2001). 

Whether cognitive stimulation can have positive effects on the human-animal relationship or 

vice versa has not been investigated yet. Most studies to date that assessed the effects of 

cognitive enrichment used computer-controlled learning devices where human-animal 

contact is not required (e.g., Jacobson, Kwiatt, Ross, & Cronin, 2019a; Jan Langbein et al., 2004; 

Manteuffel et al., 2009; Puppe et al., 2007; Whitehouse, Micheletta, Powell, Bordier, & Waller, 

2013; Yamanashi & Hayashi, 2011; Zebunke et al., 2013). For the purpose of scientific 

experiments however, animals are often required to be trained and handled and/or given food 

reinforcement by a human (e.g., Morton, Lee, & Buchanan-Smith, 2013; Nawroth, Brett, & 

McElligott, 2016; Nawroth, Von Borell, & Langbein, 2014). The favoured technique nowadays 

is called positively reinforced training and supposed to improve the human-animal 
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relationship by building trust and providing rewards to the trained subjects (Brando, 2012; 

McKinley, Buchanan-Smith, Bassett, & Morris, 2003). As a result, positively reinforced animals 

may associate the presence of a familiar human with food which may reduce fear responses 

towards novel humans and ease handling in future situations (Boissy & Bouissou, 1988; Boivin, 

Neindre, & Chupin, 1992). 

 

Effects on behavioural flexibility 

Behavioural flexibility is described as the ability of an individual to change its behaviour by 

developing new responses when faced with novel challenges or altering already hard wired 

responses to familiar stimuli (Leal & Powell, 2012). The more behavioural flexible an animal, 

the better it will cope with its husbandry setting. Thus, in addition to the level of stress an 

animal experiences, also the level of behavioural flexibility and problem-solving ability of 

animals under our care has implications for their welfare in several ways. The ability to behave 

flexibly and to adapt to changing environments is especially important for farm animals as 

animals may be regrouped as they age, housed in several different pens or locations over their 

life cycle, and may have to learn to use different feeders, drinkers or gates. Memory of 

previously learned information can help to facilitate subsequent learning in a conceptually 

similar subsequent task, an effect called learning-to-learn (Jan Langbein, Siebert, Nürnberg, & 

Manteuffel, 2007). Previous exposure to cognitive challenges requiring behavioural flexibility 

thus may have the potential to also improve this flexibility in future situations by the process 

of ‘learning-to-learn’. Therefore, the introduction of cognitive stimulation into the husbandry 

systems of farm animals may ease adaptation to novel environments and situations by 

increasing the animals’ behavioural flexibility. Facilitation of the adaptation to housing 

conditions and husbandry procedures may in turn reduce stress for the animal and thus 

improve its welfare. 

 

The ability to adapt to and flexibly react to environmental challenges is regarded as essential 

for survival in the wild, but also significant for farm animal welfare (Reader & Laland, 2002; 

Wechsler & Lea, 2007).  High behavioural flexibility is usually associated with species that live 

in complex social structures and that possess a rich repertoire of foraging strategies (R. I. M. 

Dunbar & Shultz, 2007; Reader & Laland, 2003). Behavioural flexibility is dependent on a set 

of skills including good inhibitory control which is defined as an individual’s ability to inhibit 
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an impulsive and possibly harmful response to allow for a more appropriate response (Bray, 

MacLean, & Hare, 2014). Inhibitory control is commonly measured using detour tests such as 

the AnotB test (Nawroth, von Borell, & Langbein, 2015; Britta Osthaus, Proops, Hocking, & 

Burden, 2013), reversal-learning tasks (Tapp et al., 2003; Bond, Kamil & Balda, 2007) and 

detour-reaching tasks (Kabadayi, Bobrowicz, & Osvath, 2018; Jan Langbein, 2018). Behavioural 

flexibility is also required to solve complex problems such as reversing a previously learned 

colour association or finding a novel solution to access a resource (Leal & Powell, 2012). The 

ability to solve problems is a pre-requisite for animals in the wild to survive, but it is also an 

important tool to have for captive animals. A greater ability to solve cognitive challenges can 

help animals to come up with novel ways to manipulate their environment and access food 

sources using strategies different from their natural foraging behaviour (e.g., tool use in cod: 

Millot et al., 2014). Thus, enhanced behavioural flexibility and problem-solving skills may 

facilitate adaptation to and coping with stressful situations, while their lack could cause 

frustration and stress in animals. Captive-bred animals generally have reduced behavioural 

diversity and less behavioural flexibility likely caused by barren non-stimulating rearing 

environments (Kihslinger, Lema, & Nevitt, 2006; E. Price, 1999; Salvanes & Braithwaite, 2005). 

While the effect of cognitive stimulation per se on behavioural flexibility, has not been 

investigated yet, several studies found positive effects of environmental enrichment on 

reversal learning and spatial abilities (Leggio et al., 2005; e.g., Schrijver, Pallier, Brown, & 

Würbel, 2004). For instance, in rodents, enriching the environment with objects such as 

Plexiglas tunnels, ladders, ceramic pots, toy balls, wooden planks, and running wheels rather 

than standard Plexiglas cages has been shown to have a positive effect on the ability to learn 

and remember new tasks (Ickes et al., 2000). It has to be mentioned however, that the positive 

effects might be caused by social rather than structural enrichment, as rats in the enriched 

group were housed in groups of 6 rats, while the non-enriched group was housed individually. 

In a study by Salvanes et al. (2013), rearing Atlantic salmon in structurally enriched tanks 

containing pebbles, cobbles and vertically floating plastic structures led to neural changes and 

improved learning ability assessed in a spatial task compared to salmon reared in plain 

hatchery tanks. In pigs, environmental enrichment provided in the form of bigger pens, a 

rooting area, and toys slightly improved the cognitive performance in a spatial hole-board task 

(Grimberg-Henrici, Vermaak, Elizabeth Bolhuis, Nordquist, & van der Staay, 2016). Although 

these studies found positive effects of enrichment on measures of behavioural flexibility and 
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problem-solving, it is hardly possible to disentangle which effects were a result of cognitive 

stimulation per se and which were caused by other enrichment aspects such as engagement 

in social activities or the use of toys or rooting material. Thus, the question remains wether it 

is the “thinking” or the “doing” that is causing the positive effects on welfare. 

Cognitive testing as a form of cognitive enrichment 

Most research to date assessed the welfare effects of cognitive test protocols specifically 

developed with the aim to improve welfare parameters. In contrast, the main aim of animal 

cognition research is the assessment of cognitive capacities by confronting animals with 

cognitive tests. Thus, the question arises if cognitive testing for the purpose of scientific 

knowledge gain is also enriching for the test subjects.  

Comparative cognitive research involving cognitive tests has been increasing over the last 

years and is targeting animals in research facilities, including laboratory, zoo, and farm animals 

(MacDonald & Ritvo, 2016). As cognitive tests are usually conducted with the aim to assess 

cognitive capacities of animals, each animal needs to be subjected to the same cognitive test 

under the same conditions. However, most studies that provided evidence for positive effects 

of cognitive stimulation on farm animals provided enrichment via automated enrichment 

devices that were incorporated in the housing environment (Katrin Ernst, Puppe, Schön, & 

Manteuffel, 2005; Jan Langbein et al., 2006; Jan Langbein, Siebert, Nuernberg, et al., 2007; 

Puppe et al., 2007; Zebunke et al., 2013). The automatisation of the training process by means 

of self-controlled learning is useful for the farm animal setting, e.g. to avoid additional stress 

due to separation from the group, or to increase control for the animal (Jan Langbein et al., 

2006). Nevertheless, this process of self-controlled learning is usually not suitable for more 

controlled experimental settings where, e.g., a strict standardization of the test procedure is 

necessary or in case the tests require the presence of human experimenters (e.g., research on 

human-animal interactions). In addition, many cognitive tests require animals to be isolated 

(e.g., Ruby & Buchanan-Smith, 2015), handled, and/or given food reinforcement by a human 

(Morton et al., 2013; Nawroth, Brett, et al., 2016; Nawroth et al., 2014). Very little research 

has investigated the effects of stressors inherent to these tests such as isolation on test 

subjects (Ruby & Buchanan-Smith, 2015) or training by humans (Whitehouse et al., 2013). This 
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is making it difficult to disentangle actual effects of cognitive stimulation from confounding 

factors such as the human contact or the habituation to new environments and isolation.   

Over the course of cognitive tests, test subjects will become habituated to separation from 

peers, the interaction with humans or stimuli associated with the test environment. This 

habituation may help them to be less stressed in future stressful situations and thus perform 

better in cognitive tests. For instance, Hölscher (1999) compared handled vs. unhandled rats 

performance in a spatial water maze task and found that stress-induced learning deficits 

impaired performance in this task. However, pre-training of animals improved performance 

in learning spatial tasks, probably by reducing the amount of stress caused by the task and 

habituation to the test setup. Similarly, in pigs, Brajon et al. (2016) found that learning 

performance is linked to the level of fear towards a handler. Thus, previous experiences with 

cognitive tests might alter the motivation to participate and the performance in future 

cognitive tests by reducing neophobia and/or stress levels and a change in the perception of 

the animal. It remains to be determined if cognitive tests are enriching to test subjects and 

have similar positive effects on welfare as cognitive enrichment devices. 

Hypothesis and aims 

Although research in the field of animal cognition has increased immensely, the impact and 

consequences of cognitive tests on behaviour and welfare of test animals have not been 

investigated sufficiently. There are indicators that cognitive stimulation is a behavioural need 

of animals and that the exposure to cognitive challenges does increase the ability to cope with 

different stressors and to solve problems more flexibly. However, previous studies did not 

control for the many confounding factors attached to scientific tests, e.g., isolation during 

testing or human-animal interactions during tests.  

 

The aim of the present thesis was to test if goats work for food in a cognitive test and to assess 

the effect of cognitive testing on measures of welfare in goats. More specifically, the 

objectives of this thesis were: 

 

I. to assess whether goats show CFL in an instrumental task (Chapter II).  
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II. to investigate the effect of participation in long-term cognitive tests on stress 

reactivity towards isolation, novelty, and humans (Chapter III).  

 

III. to assess the effect of participation in long-term cognitive tests on behavioural 

flexibility and problem-solving ability (Chapter IV).  

 

IV. to assess the biological variance found in CFL, stress reactivity and behavioural 

flexibility caused by genetics, i.e., selection line (Chapter II-IV) and the 

environment, i.e., research site (Chapter III-IV). 
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Abstract 

Contrafreeloading (CFL) is the phenomenon when animals work for a resource although an identical 

resource is available for free. Possible explanations for CFL are that animals seek context for 

species-specific behaviours or to control their environments. We investigated whether goats show CFL 

and whether breeding for productivity traits has altered its occurrence. In a manipulation task, we 

compared two selection lines: 27 Nigerian dwarf goats, not bred for productivity traits, and 30 dairy 

goats, bred for high milk yield. Over 10 trials, each goat could perform one of three behaviours: not 

participating in the trial, feeding for free from an open door, or opening a sliding door for a feed of 

similar value. The results were analysed using an Item Response Tree (IRTree) generalized linear mixed 

model (GLMM). The fitted probabilities to participate were >0.87 over all trials in both selection lines. 

For dwarf goats, the probability of choosing the closed door, and thereby demonstrating CFL, increased 

from 0.30 in Trial 1 to 0.53 in Trial 10. For dairy goats, this probability was constant at approximately 

0.43. Unlike dwarf goats, dairy goats were faster to approach the closed compared to the open door. 

Overall, our results suggest that both selection lines were similarly interested in CFL.  
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Introduction 

Contrafreeloading (CFL) describes the phenomenon when animals, given the choice, work for a 

resource even though an identical resource is simultaneously available for free (I. Inglis et al., 1997; G. 

D. Jensen, 1963; Osborne, 1977). This phenomenon contradicts optimal foraging theory (e.g. Stephens, 

D. W., Krebs, 1986) which suggests that an animal will maximize the net energy gain by choosing the 

food source providing most energy for the lowest cost (Pyke, Pulliam, Charnov, & Charnov, 1977). 

Although CFL is documented in captive wildlife and domestic pigs, cattle, goats, and chicken(de Jonge 

et al., 2008; Hessle et al., 2008; C. Lindqvist & Jensen, 2008; Van Os et al., 2018), it has not been 

reported in animals living in the wild (I. R. Inglis & Ferguson, 1986). One prominent theory to explain 

the occurrence of CFL is the Information Primacy Model (Ian R. Inglis, Langton, Forkman, & Lazarus, 

2001). It assumes that CFL is driven by the urge to gather information about optimal food sources in a 

natural environment where food shortages can occur. As a result, if food deprivation increases, optimal 

foraging strategies will increase and the preference to gather information decreases. The need to 

explore the environment might, therefore, be an important adaptive mechanism (I. R. Inglis & 

Ferguson, 1986) and possibly explain why CFL occurs in animals in captivity (I. Inglis et al., 1997) where 

food is abundant. 

Another theory to explain CFL is White’s Competence Theory (White, 1959) which is not mutually 

exclusive from the Information Primacy Model. White’s theory postulates the need of animals to 

control and modify their surroundings and assumes that the successful performance of a task 

reinforces itself (de Jonge et al., 2008; B. O. Hughes & Duncan, 1988; G. D. Jensen, 1963) by increasing 

the perceived control over the environment (Bassett & Buchanan-Smith, 2007; I. Inglis et al., 1997; 

Singh & Query, 1971). Several studies found that mastering a task can induce positive emotions in farm 

animals (Hagen & Broom, 2004; Jan Langbein et al., 2004; Manteuffel et al., 2009; Meehan & Mench, 

2007; Puppe et al., 2007) that often live in barren environments with little stimulation or possibilities 

to control their surroundings. For example, in a study by De Jonge et al. (2008), pigs preferred searching 

for food rewards in straw rather than receiving the identical rewards freely available from a trough. 

The authors concluded that the display of CFL could be best explained by the rewarding effect of the 

anticipation of food while foraging. Therefore, if the need to control aspects of the environment and/or 

the need to perform species-specific behaviours are the motivators behind CFL, providing tasks to 

satisfy CFL motivation within a farm setting might enhance animal welfare. To effectively enrich 

housing conditions, all individuals of a species should frequently take part in the CFL task.  

The type of training used, and the characteristics of the task offered to measure CFL may affect the 

proportion of individuals participating in the particular CFL experiment. Meagher et al. (2020)assessed 



Chapter II 

28 

the motivation to learn in cattle. They trained 30 heifers to perform an operant response (nose touch) 

to access a compartment providing a discrimination task. Although they used positive reinforcement 

(clicker training), the authors had to omit 10 animals mainly due to poor engagement in the task during 

the training phase. Participation proportions in the discrimination learning task varied between 

individuals and ranged from 0–100% of the offered sessions. Also, in studies where all of the individuals 

participated, huge individual differences in the extent of CFL display were found (e.g., Bean, Mason, & 

Bateson, 1999; de Jonge et al., 2008; Ogura, 2011; Sasson-Yenor & Powell, 2019). For example, in a 

study with starlings, the percentage of choosing to work for food ranged from 0–100% across 

individuals (Bean et al., 1999), whereas, in a study on pigs, the relative fraction of ‘earned’ food from 

total food consumed ranged from 0.4–12% (Young & Lawrence, 2003). Similar variations in CFL levels 

were reported in goats by Langbein et al. (Jan Langbein et al., 2009). In this study, 12 dwarf goats were 

trained to operate an automated learning device that posed a discrimination task to receive drinking 

water. They found that 10 out of 12 goats chose to direct, on average, one-third of their total daily 

button presses towards the device instead of pressing the normal drinker where no prior 

discrimination task had to be solved. Some goats gained more than 80% of their daily water at the 

learning device, while other goats gained very little water at the device.  

It has been postulated that tasks that resemble the species’ foraging behaviours or need low effort to 

receive the reward will promote CFL (de Jonge et al., 2008; I. R. Inglis & Ferguson, 1986). Goats are 

considered an intermediate ruminant type in the line of browsing - grazing species (Hofmann, 1989). 

They feed on a mixture of shrubs, trees, and grasses, often switching seasonally (Dicko & Sikena, 1992), 

and browse for the most nutritive fractions in their food (Lu, 1988; Morand-Fehr, Hervieu, & Sauvant, 

1980). In contrast to sheep and cattle, which are mainly grazers, the time spent browsing can make up 

to 73–93% of their feeding time, depending on season (Dicko & Sikena, 1992). A suitable CFL task for 

goats might resemble this natural browsing behaviour, allowing for oral manipulation of the test 

apparatus. Additionally, a low-effort and easily executable manipulation task is expected to increase 

the number of individuals frequently choosing to work for the reward (I. Inglis et al., 1997). 

Domestication in general, and the selection for high productivity in particular, were found to have 

altered not only stress reactivity (Campler et al., 2009; Colpoys et al., 2014; Dodd, Pitchford, Hocking 

Edwards, & Hazel, 2012), but also foraging (Hessle et al., 2008; C. E. S. Lindqvist, Schütz, & Jensen, 

2002; C. Lindqvist & Jensen, 2008; Schütz & Jensen, 2001) and exploration behaviour (Colpoys et al., 

2014) in farm animals. Compared to less productive breeds, pigs selected for high feed efficiency 

showed less behavioural reactivity towards fear-eliciting stimuli and displayed increased latencies 

when approaching a novel object and an unfamiliar human (Colpoys et al., 2014).  Such alterations in 

behaviour may reflect in the motivation to show CFL. Schütz and Jensen (Schütz & Jensen, 2001) 
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compared White leghorn chicken, selected for high egg productivity, to red jungle fowl, the ancestor 

of the domestic chicken, and to Swedish bantam, a domestic breed not strongly selected for 

production traits. They found that White leghorn chicken obtained a lower proportion of their food 

through CFL than both junglefowl and bantam chicken. Selection for high egg productivity in White 

leghorn chicken might thus have either directly reduced their motivation for CFL or indirectly 

decreased traits such as curiosity and risk-taking that are likely to affect the preferences of animals to 

perform CFL. Whether selection for high milk yield had a similar effect on the motivation to show CFL 

is yet unknown. To address this question, goats may represent a suitable species as selection lines 

differ strongly in milk production performance. Goats specifically selected for the dairy industry, such 

as Saanen goats, can produce up to 2–3 kg of milk per day (Vacca et al., 2018). On the other hand, 

common pet goats such as Nigerian Dwarf goats were not selected for productivity traits and their milk 

yield is much lower (Akinsoyinu, Mba, & Olubajo, 1977). 

We examined whether domestic goats show CFL and repeatedly do so over several trials in a low-effort 

manipulation task that resembles their natural foraging behaviours. We provided goats with the choice 

between receiving a desired food item at an open door or opening a sliding door to access an identical 

food item. As some dwarf goats readily worked for more than 80% of their daily water intake in a 

previous CFL study (Jan Langbein et al., 2009), we expected that goats in our experiment would also 

show CFL to a certain proportion, i.e., push the closed sliding door open to receive the food reward 

instead of choosing the free reward. If goats are more motivated to work for a reward instead of 

receiving it for free, we would expect the approach time towards the closed door to be shorter than 

towards the open door (Rebecca K. Meagher et al., 2020). Following up on the findings by Schütz and 

Jensen (Schütz & Jensen, 2001), who showed lower motivation for CFL in the high-productivity chicken 

line, we assessed whether selection for high milk yield had a similar effect on CFL in goats. We 

compared dairy goats with a pedigree for high milk production to Nigerian dwarf goats that have not 

been selected for productivity traits. To increase genetic variability in our sample, we used individuals 

of two dairy breeds and of their crossbred (Saanen, Chamois Coloured, Saanen x Coloured). Using an 

Item Response Tree (IRTree) generalized linear mixed model (De Boeck & Partchev, 2012), the 

experiment was statistically modelled as a sequence of binary decisions between mutually exclusive 

behaviours (participate or not, choose open or closed door, approach fast or slow). Additionally, a 

linear mixed model, with approach time as a continuous response, was used to compare approach 

times between the open and the closed door. 
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Material, Animals and Methods 

Location, animals, and housing conditions 

The study was carried out in August 2018 at the Agroscope Research Station in Ettenhausen, 

Switzerland. In total, we housed 60 domestic goats from two different selection lines: 30 Nigerian 

dwarf goats and 30 dairy goats. The Nigerian dwarf goat is commonly kept as pet and zoo animal in 

Europe and not selected for productivity traits. We used dwarf goats bred at the Leibnitz Institute for 

Farm Animal Biology in Dummerstorf, Germany. The only selection aim in this population was to avoid 

inbreeding, and the potential milk yield of dwarf goats does likely not exceed 0.3 kg per day (Akinsoyinu 

et al., 1977). All dwarf goats were born in January/February 2017. As it was common practice at the 

institute in Dummerstorf, dwarf goat kids stayed with their dams for six weeks before they were 

separated. They were moved to Ettenhausen in June 2017. To investigate the effect of selection for 

high productivity on CFL, we compared dwarf goats to dairy goats with a pedigree for high milk 

production. To increase genetic variability in our sample (Voelkl, Vogt, Sena, & Würbel, 2018), we used 

two of the most common high-producing dairy breeds in Switzerland and their crossbred, namely 

Saanen (n = 15), Chamois coloured (n = 12), and Saanen x Chamois (n = 3). These breeds have a 

potential milk yield of up to 3 kg per day (Vacca et al., 2018). All dairy goats were born on Swiss farms 

in February to April 2017. In accordance with common practice in the dairy goat industry, the dairy 

goat kids from Swiss farms were separated from their dam shortly after birth and artificially raised. 

They were moved to Ettenhausen in June/July 2017.  

In Ettenhausen, dwarf and dairy goats were initially housed in one group pen each. At the age of 7–8 

months, all goats were moved to pens of 10 goats each: three groups of dairy goats and three groups 

of dwarf goats. The total area of each dwarf goat pen was 14 m2 (approximately 3.6 m x 3.9 m), 

consisting of a deep-bedded straw area of 11 m2 (approximately 2.8 m x 3.9 m) and a 0.5 m elevated 

feeding place (3.0m2). The total area of each dairy goat pen was 17.5 m2 (approximately 3.9 m x 4.5 

m), consisting of a deep-bedded straw area of 13.2 m2 (approximately 4.5 m x 2.9 m) and a 0.6 m 

elevated feeding place (4.3 m2). Hay was provided ad libitum behind a feeding fence and replenished 

twice a day at approximately 8 am and 4 pm. Each pen had one drinker and a mineral supply. Additional 

structures in the straw-bedded area included a wooden bench (dairy: 2.4m long, 0.6m high, 0.6m wide; 

dwarf: 2.3m long, 0.5m high, 0.5m wide) along the wall of the pen and a round wooden table (dairy: 

0.8 m high, Ø 1.1 m; dwarf: 0.6 m high, Ø 1 m) in the centre of the pen. The goats were between 15 

and 18 months old at the start of the study (mean ± SD, dairy goats: 529 ± 18.7 d, dwarf goats: 578 ± 

4.7 d). 
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All procedures involving animal handling and treatment were approved by the Swiss Cantonal 

Veterinary Office Thurgau (Approval No. TG04/17 – 29343) and were performed in accordance with all 

relevant Swiss legislative and regulatory requirements and the ASAB/ABS guidelines for the use of 

animals in research (ASAB & ABS, 2018). 

Test apparatus and test arena 

The goats were individually tested in a test arena (4.5 m x 2 m). The test apparatus was installed as 

part of a wall on the shorter side of the test arena and consisted of two identical wooden sliding doors. 

A metal grid fence (1.35 m high x 1.27 m long) was installed between the two sliding doors to prevent 

goats from switching sides and feeding from both openings right after each other (Appendix I, Fig. S1). 

A human experimenter (E1) was positioned behind the wall of the test apparatus. Whenever a goat 

opened the closed door (= CFL) or stuck its muzzle through the open door, it instantly received a piece 

of uncooked pasta in a plastic dish from E1 as a reward.
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Figure 1: a) Schematic drawing of the test arena with left door closed and right door open including the binary response tree 

with four nodes representing the sequential choices leading to one of five behavioural categories (= five square symbols). A 

number of observations with non-missing information at respective nodes are given in the tree. . Positions of the 

experimenters are indicated with E1 and E2, and the position of the video camera is marked with a camera symbol. b) The 

five behavioural categories with their symbols corresponding to the tree in a) as well as the encoding of the node for the 

IRTree model.  

Habituation phase  

The goats were familiar with the arena and with opening a sliding door from a previous experiment on 

social learning, and additional training in case it was necessary. In the previous experiment the 

apparatus consisted of one sliding door only. All goats had gone through a 3-day habituation phase to 

get used to feed from the open door: on day 1, goats had been habituated in pairs for 3 min and 10 

pieces of pasta per pair of goats. On day 2 and 3, goats had been habituated individually over 3 min 

and 10 pieces of pasta per goat. In the subsequent test sessions, goats first observed a human 
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demonstrator opening the closed sliding door and were then given the opportunity to open the door 

themselves. All goats had received a total of 10 sessions over 10 consecutive days. At the end of the 

experiment, all but four dwarf goats had learned to open the closed sliding door. 

In the current experiment, we presented two identical sliding doors simultaneously. We provided no 

additional habituation to this novel setup as the previous experiment finished only two days prior to 

the start of the current experiment. The four dwarf goats that had not learnt to open the sliding door 

in the previous experiment received additional individual training on the day before the current 

experiment by leaving a slowly shrinking gap to facilitate door opening until the sliding door was fully 

closed. However, only one of the four goats successfully learned to open the door and, thus, was 

included in the study. The other three were excluded from the experiment. Consequently, we included 

57 goats in our study, 30 dairy and 27 dwarf goats. 

Test procedure 

Each goat received 10 consecutive trials on a single day with each trial lasting 30 seconds. In total, 

goats were tested within four days. In each trial, one of the two sliding doors was kept open, allowing 

free access to a food reward. The other door was presented closed, requiring manipulation to slide the 

door to the right or left to access the food, i.e., necessitating work for the reward (Fig. 1a, Appendix I 

Fig. S1). The closed door was administered on the left and the right sides of the fence in a 

pseudorandom order, but each goat was constrained to a total of five trials with the closed door on 

the left and five trials with the closed door on the right side.  

Goats were individually led into the test arena by a second experimenter (E2) and released near the 

centre of the room approximately one meter away from the start of the fence (= starting point, Fig. 

1a). In each trial, the goat could choose to walk to the closed or the open door. After each trial, the 

individual was led back to the starting point by E2, and the next trial started. All trials were videotaped 

with a camcorder (Sony HDR-CX240E) mounted on top of the wall of the arena above the starting point 

(Fig. 1a). Due to technical failures, five trials were not videotaped and therefore excluded from the 

analysis. The videos were analysed with the Observer XT software (Version 12, Noldus Information 

Technology, The Netherlands). We recorded whether the goat participated or not, and, if it 

participated, which door type it chose (closed = CFL or open = no CFL), as well as the time it took to 

approach the door (= nose within less than approximately 5 cm to the door) from the start of the fence 

(approach time, in sec). Participation was defined as walking towards one of the doors, opening the 

door, if closed, and feeding through the door from the plastic dish. If a goat did not participate within 

30 seconds after it was released, the trial was recorded as ‘no-participation’, and the goat was led back 

to the starting point to begin the next trial. Opening the closed door without feeding from the dish was 
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never observed. To assess the reliability of the approach times determined from videos, we compared 

them to times recorded during the experiment with a stopwatch (Pearson correlation coefficient, rp = 

0.85). Participation and the choice of door type were unambiguous.   

Data analysis and statistics 

All statistical analyses were performed in R v4.0.2 (R Core Team, 2014). We employed an Item 

Response Tree (IRTree) model of the GLMM family to analyse the multivariate behavioural response 

in our experiment. Such IRTree models allow representing a multivariate behavioural response as a 

tree of sequential binary responses, enable incorporating hierarchical sampling, and can account for 

correlated responses as well as repeated testing of the same individuals (De Boeck & Partchev, 2012). 

They are well suited for analysing categorical data in behavioural studies, as shown for example for 

escalating courtship behaviours, antipredator behaviours, and social interactions (De Bona, Valkonen, 

López-Sepulcre, & Mappes, 2015; López-Sepulcre, De Bona, Valkonen, Umbers, & Mappes, 2015). 

For encoding the data as a binary tree and specification of the model, we followed recommendations 

by López-Sepulcre et al. (2015). Figure 1a shows the binary response tree of our IRTree model. The 

nodes correspond to the sequential choices (responses) leading to one of five behavioural categories 

(= five symbols). Node 1 encodes the participation in a given trial (‘yes’, 1; ‘no’, 0). Node 2 encodes the 

choice of either walking to feed at the open (0) or the closed (1) door. Finally, Nodes 3 and 4 encode 

the time taken to walk from the start of the fence to the closed or the open door, respectively. This 

approach time was short (0) or long (1) corresponding to below or above the median over all 

observations of the respective selection line (dwarf = 2.66 s, dairy = 1.81 s; Appendix I: Fig. S2). Goats 

that chose not to participate in a trial made only one choice while participating goats made three 

sequential choices, as Node 3 and 4 are mutually exclusive (see Fig. 1a, b). The IRTree model was 

estimated as GLMM with a binary response and logit link using the glmer function from the R package 

lme4 (Bates, Mächler, Bolker, & Walker, 2015). The model formula in lme4 syntax was as follows:  

Value ~ 0 + Node:SelectionLine + Node:SelectionLine:I(Trial - 1) + (1 | Obs) +  

(0 + Node | Pen/Individual/ClosedSide)          

The nodes were qualitatively different from each other, and we suspected the selection lines to differ 

in their behaviour as well as to adapt their responses with repeated trial. As fixed effects, we therefore, 

included for each node an individual intercept for the two selection lines (0 + Node:SelectionLine) and 

an individual slope for the trial number for the two selection lines [Node:SelectionLine:I(Trial - 1)]. The 

trial number was included as Trial - 1 to render the intercept to correspond to Trial 1 instead of the 

non-meaningful Trial 0. As a random effect, we included a random intercept for observation (1|Obs) 

to ensure that the sequential binary responses corresponding to a single observation shared the same 
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variance and were not treated as independent observations. Furthermore, we specified for each node 

a random intercept for the location of the closed door, nested within individual, itself nested within 

pen (0 + Node | Pen/Individual/ClosedSide). This was done to account for potential side bias, repeated 

testing of the same individual, and potential effects of pen affiliation. Despite the randomization of the 

location of open and closed door, a side bias was evident; the choice for the closed door was apparently 

more likely when the closed door was on the left versus the right side (Wald test in repeated measure 

logistic regression, p = 0.03).  

To investigate the difference in behaviour between the selection lines, we tested selection line 

contrasts for the fixed effects using the glht function from the R package multcomp (Hothorn, Bretz, 

Westfall, & Heiberger, 2008). Both the p-values for fixed effect estimates (glmer function) and for the 

contrasts (glht function) were obtained using Wald tests. Fitted probabilities and bootstrap confidence 

bands that were only conditioned on the fixed effects were obtained using the predict.MerMod 

function (parameter re.form = ~ 0; lme4 package) in conjunction with the bootMer function (lme4) for 

parametric bootstrapping (10,000 bootstraps). 

To compare approach times towards the open versus the closed door, we also analysed the approach 

time as a continuous response in a linear mixed model using the lmer function (lme4 package) and the 

following model formula:  

log2(ApproachTime) ~ 0 + SelectionLine + SelectionLine:DoorType + 

SelectionLine:DoorType:I(Trial - 1) + (1 | Pen/Individual/ClosedSide) 

The approach time was right-skewed and, therefore, log2-transformed to approximate normal 

distribution (Appendix I:  Fig. S2). Individually for the two selection lines, we included an intercept (0 + 

SelectionLine), an effect of the choice of door type (SelectionLine:DoorType), and a slope for trial 

separately for the closed and open doors [SelectionLine:DoorType:I(Trial-1)]. Besides these fixed 

effects, a random intercept for the location of the closed door, nested within individual, itself nested 

within pen (1 | Pen/Individual/ClosedDoor) was included to account for potential side bias, repeated 

testing of the same individual, and potential effect of pen affiliation. P-values for the fixed effect 

estimates were obtained using Z-tests through the glht function (multcomp package).  

Results 

We found that all but four goats chose to participate in at least half of the 10 trials of the experimental 

task. Three individuals participated in less than 5 of 10 trials (B2, Y1, Z8) and only one individual chose 

in all trials to not participate (X4, Fig. 2). In total, 53 of 57 goats chose to feed from the closed door in 
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at least 1 of 10 trials, but inter-individual variation was substantial with values ranging from 1 to 7 of 

the 10 trials (Fig. 2).  

 

Figure 2: Individual distribution of choices regarding door type and approach time from trials of dwarf and dairy goats. Names 

of individuals are composed of a letter for the pen affiliation (dwarf: A, B, C; dairy: X, Y, Z) and a number for the individual 

within each pen (0-9).   

Table 1: IRTree GLMM of behavioural responses. Intercepts correspond to Trial 1 (see Methods). Results with p-value ≤ 0.05 

are given in bold. An extended version of this table, including standard error and Z-values, is provided in Appendix I: Table S1. 

Additionally, Appendix I, Table S2 lists the random effect variance components and correlations. 

Fixed Effects Node 1: Participation 

p participation 

Node 2: Door type 

p closed door 

Node 3: Approach time closed 

p long approach time 

Node 4: Approach time open 

p long approach time 

 Dwarf Dairy Dwarf Dairy Dwarf Dairy Dwarf Dairy 

 est. p est. p est. p est. p est. p est. p est. p est. p 

Intercept 2.43 <0.001 3.32 <0.001 -0.85 0.003 -0.27 0.29 0.25 0.75 -0.72 0.27 0.55 0.25 0.99 0.04 

(Trial – 1) 0.03 0.69 -0.15 0.04 0.11 0.03 0.002 0.97 0.07 0.48 0.04 0.57 -0.21 0.01 -0.07 0.34 

 Dwarf - Dairy Dwarf - Dairy  Dwarf - Dairy Dwarf - Dairy 

 Contrast in… est. p est. p est. p est. p 

Intercept 0.90 0.32 0.58 0.13 -0.98 0.33 0.45 0.50 

(Trial – 1) -0.18 0.08 -0.11 0.12 -0.03 0.84 0.15 0.17 
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The results of the IRTree GLMM are presented in Table 1 (and in Appendix I: Table S1 and S2). Fitted 

probabilities of behavioural choices represented by the nodes as well as observed proportions are 

shown in Figure 3. The fitted probability to participate in the task was > 0.87 over all trials for both 

selection lines (Fig. 3 – Node 1). In dairy goats, but not in dwarf goats, the probability of participating 

decreased as the trial numbers increased — from 0.97 in Trial 1 to 0.88 in Trial 10 (p = 0.04, Table 1, 

Fig. 3 – Node 1).  

 

 

Figure 3: Fitted probabilities (lines) of the IRTree GLMM at the four nodes and observed proportions (bars). The shaded areas 

represent 95% confidence bands for the fitted values considering the fixed effect uncertainty.  

In dwarf goats, the probability of choosing the closed door was 0.30 in Trial 1, but it increased with 

increasing trial number (p = 0.03) and reached a probability of 0.53 in Trial 10 (Fig. 3 – Node 2). In dairy 

goats, the probability of choosing the closed door was approximately constant at around 0.43 

throughout all trials (Fig. 3 – Node 2).  

The probability for a long approach time (= above the median over all trials of the respective selection 

line) towards the closed door ranged from 0.56 to 0.70 in dwarf goats and from 0.33 to 0.42 in dairy 

goats (Fig. 3 – Node 3). As the uncertainty in these probabilities was high (Fig. 3 – Node 3, Table 1), a 
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difference between selection lines is statistically not supported (p = 0.33 for intercept contrast in Trial 

1). 

In dwarf goats, the probability for a long approach time towards the open door decreased with 

increasing trial number (p = 0.01) — from 0.63 in Trial 1 to 0.20 in Trial 10 (Fig. 3 – Node 4). In dairy 

goats, the probability for a long approach time towards the open door was 0.73 in Trial 1 and 0.60 in 

Trial 10 (Fig. 3 – Node 4), with a high uncertainty in these probabilities throughout the various trials (p 

= 0.34). 

Figure 4 shows the probabilities of the five behavioural categories, representing the possible outcomes 

of the sequential choices. In dwarf goats, the probability for ‘open door, long approach time’ decreased 

with increasing trial number in favour of the probabilities for ‘open door, short approach time’ and for 

‘closed door, long approach time’. In dairy goats, the probability for ‘open door, long approach time’ 

decreased in favour of the probability for ‘no participation’.  

 

Figure 4: Fitted probabilities of the IRTree GLMM for the five behavioural categories. These probabilities were calculated by 

multiplying the probabilities of the corresponding sequential choices (Fig. 1a, b). For example, the probability for the 

behavioural category ‘open door, long approach time’ (Fig. 1a, b and Fig. 3) was calculated as the probability to participate 

(Node 1), times the probability to choose the open door (Node 2), times the probability to show a long approach time (Node 

4). 
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Table 2: Estimates of variance components and fixed effects of the LMM with continuous approach time as response. 

Intercepts correspond to Trial 1 (see Methods). Results with p-value ≤ 0.05 are given in bold. Appendix I: Table S3 lists the 

random effect variance components. 

Fixed Effects Dwarf 

 

Dairy 

 

 est. s.e. z P est. s.e. z p 

Intercept 1.73 0.17 10.05 <0.001 1.21 0.17 7.05 <0.001 

Door Type Closed 0.12 0.20 0.60 0.55 -0.54 0.18 -3.04 0.002 

(Trial – 1): Door Open -0.07 0.02 -3.14 0.002 -0.02 0.02 -1.01 0.31 

(Trial – 1): Door Closed -0.01 0.03 -0.34 0.73 0.02 0.02 0.81 0.42 

 

The results of the linear mixed model, with approach time as continuous response, are presented in 

Table 2 (and Appendix I: Table S3). Fitted approach times are shown in Figure 5. Unlike the IRTree 

model above, this model allows a direct comparison of approach times towards the open versus the 

closed door. The fitted approach time for the dwarf goats towards the closed door was approximately 

constant at around 3.5 s (Fig. 5). Towards the open door, the fitted approach time was 3.3 s in Trial 1, 

decreased over time (p = 0.002), and was 2.1 s in Trial 10 (Fig. 5).  

 

Figure 5: Fitted approach times of the linear mixed model (back-transformed from log2 to linear scale). The shaded areas 

represent 95% confidence bands for the fitted values considering the fixed effect uncertainty. Dots represent observed 

approach times. For each trial number, the dots were horizontally jittered for visual clarity. Data points > 8 s are not shown 

(numbers given in panels). 
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For dairy goats, the fitted approach time towards the closed and the open door was approximately 

constant over the trials and ranged from 1.6 (Trial 1) to 1.8 s (Trial 10) and 2.3 (Trial 1) to 2.0 (Trial 10), 

respectively. Thus, dairy goats approached the closed door faster than the open door (p = 0.002). 

Discussion 

In line with our hypothesis, goats chose to participate in the experiment and were willing to work for 

a reward in the presence of an identical, free reward, and thus chose to perform CFL. Contrary to our 

expectations, the selection line was not related to the overall probability of working for food but rather 

to changes in goats’ responses with increasing trial numbers. Our results suggest that both selection 

lines were motivated to work for food, while this motivation was suppressed in early trials in dwarf 

goats, presumably due to higher stress reactivity. 

The high proportion of goats that frequently chose to participate in the experiment suggests that we 

used a suitable experimental setting with a highly desired reward and enough previous habituation to 

the test arena and the sliding door in order to make participation rewarding for goats. To avoid spatial 

learning, we randomized the location of the open and the closed door in all trials. However, we found 

indications that the closed door was more likely to be chosen when located on the left side. As the 

goats’ pen mates where located on the right side, this bias seems not socially induced. In our statistical 

models we considered the potential side bias as a random effect nested in individual, thus allowing an 

individual side bias for each goat.  

In accordance with our expectations, all but four goats exhibited CFL in at least 1 of 10 trials. Overall, 

the probabilities to choose the closed door were not different between the dwarf and dairy goats. This 

is in contrast to what we expected and to previous studies on different selection lines of chicken (C. E. 

S. Lindqvist et al., 2002; C. Lindqvist & Jensen, 2008; Schütz & Jensen, 2001) and cattle (Hessle et al., 

2008) which found that animals selected for high productivity were choosing more energy conserving 

strategies and thus were less likely to show CFL than animals not selected for production traits. In our 

experiment, the probability in dwarf goats to choose the closed door increased with increasing trial 

number, while it remained approximately constant for dairy goats (Fig. 3 – Node 2). As all goats were 

familiar with receiving food out of both doors, open and closed, the initial reluctance to choose CFL in 

dwarf goats is unlikely to be explained by neophobia towards one of the doors (Mitchell, Scott, & 

Williams, 1973). Although all goats had been habituated to the single sliding door in a previous 

experiment, no additional habituation to the novel setting with two sliding doors was performed in the 

current experiment. This new setting may have induced more stress in dwarf goats than in dairy goats 

and resulted in dwarf goats initially choosing the option that appears to be less risky (i.e. the open 

door). Increasing habituation and positive reinforcement from opening the door might then have 
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increased motivation to choose CFL in subsequent trials. This is in line with the notion that stress 

reactivity has been reduced in animals selected for high productivity (C. Lindqvist & Jensen, 2009; 

Schütz & Jensen, 2001), which would suggest reduced stress reactivity in dairy goats compared to 

dwarf goats.  

However, not only a genetic disposition but also differences in rearing may have caused different stress 

responses between the selection lines in our experiment. Whereas the dairy goats were artificially 

raised without their mothers, the dwarf goats stayed with their dams for six weeks. Previous studies 

(Lyons, 1989; Lyons, Price, & Moberg, 1988) found indications for higher fearfulness of dam-reared 

goats in goat-human encounters as compared to human-reared goats — dam-reared goats exhibited 

greater behavioural responsiveness in novel situations, as well as longer latencies to approach an 

unfamiliar human. 

Regarding the effect of door type on approach times, we hypothesised that, if goats are motivated to 

work for a reward instead of receiving it for free, they would approach the closed door faster than the 

open door (Rebecca K. Meagher et al., 2020). Our results only support this hypothesis in dairy goats, 

which approached the closed door faster. In contrast to dairy goats and not in line with our hypothesis, 

dwarf goats showed similar approach times towards both doors in the first few trials and tended to 

approach the open door faster in later trials (Fig. 5). An explanation for these observations may again 

be differences in stress reactivity. Maybe dwarf goats would have required more time to adapt to the 

test situation to react similarly to dairy goats regarding their approach time towards the closed and 

open door. Recent research on farm animal personality highlights the need to consider the animals’ 

individual stress levels for their habituation to experimental tasks (Finkemeier, Langbein, & Puppe, 

2018), regardless of whether it is genetically based or developed during the ontogenesis. 

Over all trials, the probability of choosing CFL was slightly below 50%, raising the question whether our 

results could partially be explained by goats randomly choosing the open or closed doors. However, 

we found the probability of choosing CFL in dwarf goats to increase over trials and the approach time 

to be affected by door type. This indicates that goats deliberately chose the door type rather than 

choosing at random. An explanation for the occurrence of CFL over several trials might be attributed 

to intrinsic rewarding properties of the performance of the task itself (de Jonge et al., 2008; B. O. 

Hughes & Duncan, 1988; G. D. Jensen, 1963). Positive emotions as a result of mastering a task and 

being in control of the situation have been reported in cattle, pigs, and goats (Hagen & Broom, 2004; 

Jan Langbein et al., 2004; Manteuffel et al., 2009; Meehan & Mench, 2007; Puppe et al., 2007). This is 

also in line with White’s Competence theory (White, 1959), which postulates that animals are 

motivated to manipulate and control their environment to attain competence. Hence, it is possible 

that goats were choosing CFL due to positive feedback from executing the manipulation task.  



Chapter II 

42 

It has been suggested that animals need appropriate cognitive challenges to express control over their 

environment (Hagen & Broom, 2004; Jan Langbein et al., 2004; Manteuffel et al., 2009; Meehan & 

Mench, 2007; Puppe et al., 2007) and that animals value effort (Franks, 2019) such that the 

incorporation of such challenges into a farm setting can have welfare benefits for the animals (K. Ernst, 

Tuchscherer, Kanitz, Puppe, & Manteuffel, 2006; Jan Langbein et al., 2004; Puppe et al., 2007). For a 

successful implementation of CFL tasks in the husbandry system, it would be necessary to evaluate if 

the motivation to display CFL is stable in various conditions and also persists over a longer period of 

time. The high inter- and intra-individual variations in the extent of CFL, which are in accordance with 

other studies on CFL in dwarf goats (Jan Langbein et al., 2009) and in other species (Bean et al., 1999; 

McGowan, Robbins, Alldredge, & Newberry, 2010; Sasson-Yenor & Powell, 2019), require further 

research regarding the motivational background to show CFL in animals. 

Conclusion 

Overall, high CFL proportions in both selection lines, increasing interest in approaching the closed door 

in dwarf goats, and shorter approach times towards the closed door compared to the open door in 

dairy goats indicate that both dairy and dwarf goats were motivated to work for a resource in the 

presence of the same resource for free. The two selection lines of goats differed in the changes of the 

probabilities to choose CFL with increasing trial number and regarding the comparison of approach 

times towards the open versus towards to closed door. These results might reflect differences in stress 

reactivity towards the CFL task, potentially related to selection for productivity or differences during 

ontogeny. Our findings suggest that goats seem to be motivated to solve a CFL task, stressing the need 

for the provision of cognitive challenges to improve the welfare of farm animals.  
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Abstract 

Current evidence suggests that frequent cognitive stimulation of captive animals may have positive 

effects on stress reactivity. In this study we used standardised cognitive tests (object choice tests) to 

assess the effect of long-term cognitive stimulation on behavioural and cardiac responses of domestic 

goats in subsequent stress tests. To disentangled whether cognitive stimulation per se or the reward 

associated human-animal interaction required for testing was affecting the stress reactivity we 

conditioned three treatment groups: goats that were isolated for participation in human-presented 

object-choice tests and rewarded with food (COG treatment), goats isolated as for the test exposure 

and rewarded with food by the experimenter without being administered the object-choice tests (POS 

treatment), and goats that were isolated in the same test room but received neither a reward nor were 

administered the tests (ISO treatment). All treatment groups were subsequently tested in four stress 

tests: a novel arena test, a novel object test, a novel human test, and a weighing test, in which goats 

had to enter and exit a scales. To increase variability of our sample we tested two selection lines, dwarf 

goats, not selected for production traits, and dairy goats selected for high productivity, each at the 

same two research sites. Analysing the data with principal component analysis and linear mixed-effects 

models, we did not find evidence that standardized cognitive testing per se (COG–POS contrast) 

reduces stress reactivity of goats in subsequent stress tests. However, for dwarf goats but not for dairy 

goats we found support for an effect of reward-associated human-animal interactions (POS-ISO 

contrast) at least for some stress test measures. This highlights the need to consider phenotypic 

variation when assessing stress reactivity and when interacting with goats. 
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Introduction 

Current evidence suggests that frequent cognitive stimulation of captive animals may have positive 

effects on stress reactivity. Many animals in zoos, laboratories or research facilities are frequently 

confronted with cognitive tests for a scientific aim, but little research has investigated the effects of 

these tests on the welfare of test subjects. First results suggest that cognitive stimulation via 

enrichment devices has positive effects on activity budgets and social interactions in primates 

(Jacobson, Kwiatt, Ross, & Cronin, 2019b; Whitehouse et al., 2013; Yamanashi & Hayashi, 2011) and 

the potential to increase exploration and reduce fear in stressful situations in pigs (Zebunke et al., 

2013). In contrast, research with computer-controlled learning devices suggested that cognitive 

challenge may also cause stress and frustration if training events are unpredictable (Doyle et al., 2011; 

Galhardo, Vital, & Oliveira, 2011) or during initial stages of learning when failure often occurs (Jan 

Langbein et al., 2004; Yamanashi, 2010). Whether standardised cognitive testing itself affects stress 

reactivity has not been investigated.  

There are several aspects of cognitive stimulation tasks that may produce positive effects on welfare. 

Results of studies in farm animals assessing the potential of cognitive stimulation as a form of 

enrichment indicate that engagement in a solvable task induces positive emotions (Hagen & Broom, 

2004; Jan Langbein et al., 2004; Manteuffel et al., 2009; Meehan & Mench, 2007; Puppe et al., 2007). 

It is argued that the successful execution of a task is not only reinforcing in itself (B. O. Hughes & 

Duncan, 1988; G. D. Jensen, 1963), but also increasing the perceived control over the environment (Jan 

Langbein et al., 2004; Meehan & Mench, 2007). Zebunke et al. (2013) used a call-feeding station 

incorporated in the home pen as cognitive enrichment for pigs and found that the animals were less 

stressed by isolation and more explorative towards a novel object than pigs without this cognitive 

enrichment. They concluded that the introduction of cognitive stimulation in the housing environment 

has the potential to reduce stress reactivity in future situations (Puppe et al., 2007; Zebunke et al., 

2013). 

Captive animals are frequently exposed to stressors related to housing and husbandry routines that 

include isolation and handling by humans and the confrontation with novel stimuli to various extents 

(e.g. during health checks, temporal separation or relocation, and cleaning of facilities). Several stress 

tests have been applied in animals to study the behavioural responses towards different stressors 

(Forkman et al., 2007). The so called ‘open-field’ or ‘novel arena test’ has been used to assess 

behavioural reactions towards isolation and a novel environment in many species (Graunke, Nürnberg, 

Repsilber, Puppe, & Langbein, 2013b; Neave et al., 2018; Oesterwind et al., 2016; Prut & Belzung, 

2003). The ‘novel object test’ has been applied to assess behavioural reactivity towards a novel stimuli 
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and to investigate the motivation to explore (Finkemeier et al., 2018; Sneddon et al., 2003). The 

reactivity towards a human has been measured using different animal-human-encounter tests with a 

standing or walking human (Lyons et al., 1988) and with a sitting human (Romeyer & Bouissou, 1992). 

In addition to reactivity assessment using established stress tests, stress responses can also be 

assessed in routine handling procedures such as weighing. The weighing situation includes several 

potentially stressful components such as human-animal interaction, novelty, confinement, and 

separation from conspecifics (Forkman et al., 2007; Hemsworth, 2003). 

Stress responses towards the same stimuli can vary greatly between individuals. This inter-individual 

variation is caused by an interplay of environmental and genetic factors (Dantzer and Mormède 1983).  

Breeding for specific traits can intentionally or unintentionally lead to changes in behavioural and 

physiological stress responses of the selection line (Rauw et al., 1998). Selection for high productivity 

has been shown to reduce stress reactivity during human-animal interactions (Campler et al., 2009; 

Colpoys et al., 2014; C. Lindqvist & Jensen, 2008; Schütz & Jensen, 2001), and to affect the reactivity 

towards isolation (Kilgour & Szantar-Coddington, 1995; Romeyer & Bouissou, 1992). These differences 

could be relevant when exposing animals to handling procedures or novel environments. In order to 

achieve greater general validity of research results, it is therefore advantageous to consider different 

selection lines of a species. Goats are a suitable model species to study the effect of selection for 

productivity on stress reactivity because not all selection lines were bred with the aim to increase 

productivity. Dwarf goats for instance evolved under extensive husbandry conditions in West Africa 

and are commonly not bred for productivity. They are usually kept as pets in zoos or by hobby breeders 

in Europe. In contrast, dairy goats have been and are still selected for high milk yield and ease of 

handling during milking. Goats are also suitable to study the effects of cognitive testing on stress 

reactivity because common stressors such as isolation from the group (Aschwanden, Gygax, Wechsler, 

& Keil, 2008b; Carbonaro, Friend, Dellmeier, & Nuti, 1992; E. O. Price & Thos, 1980; Siebert et al., 2011), 

novel environments and objects (Forkman et al., 2007) as well as the presence of a human and handling 

procedures (Forkman et al., 2007; Lyons, 1989; Lyons et al., 1988) have already been investigated. 

Additionally, a lot of literature exists on the highly developed cognitive capacities of goats (J. Langbein 

et al., 2008; Nawroth, 2017) and their motivation to engage in cognitive tasks has been demonstrated 

in previous studies (Jan Langbein et al., 2009; Rosenberger, Simmler, Nawroth, Langbein, & Keil, 2020). 

Standardised cognitive tests often require animals to be isolated (e.g. Ruby & Buchanan-Smith, 2015), 

handled by a human, and/or given food reinforcement by a human (e.g. Morton et al., 2013; Nawroth, 

Brett, et al., 2016; Nawroth et al., 2014). However, there is only little research on how the animal is 

affected by these test conditions, e.g. by isolation (Ruby & Buchanan-Smith, 2015) and interaction with 

humans (Whitehouse et al., 2013). The presence of a familiar human and the positive association with 
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food may contribute to behavioural changes and may reduce fear responses towards novel humans 

and ease handling in future situations (Boissy & Bouissou, 1988; Boivin et al., 1992). In addition, 

separation from the group is stressful for most social animals and has been found to increase 

vocalisations, heart rate and cortisol levels (Aschwanden et al., 2008a; Boissy & Le Neindre, 1997; Da 

Costa et al., 2004; Patt et al., 2013; Siebert et al., 2011) and to alter behavioural responses towards 

novel environments and towards handling (Grignard, Boissy, Boivin, Garel, & Le Neindre, 2000; Veissier 

& le Neindre, 1992). Habituation to frequent isolation in a novel environment and positive experiences 

with humans during standardised cognitive tests may also prepare animals to cope better with stress 

in future similar situations. To assess whether standardised cognitive testing per se is associated with 

changes in stress reactivity, it is necessary to disentangle the effect of testing from effects of 

confounding factors such as the human contact and the isolation during testing. 

In this study, we investigated whether long-term cognitive stimulation by means of standardised 

object-choice tasks, including discrimination and reversal learning tests and a cognitive test battery, 

affects goats’ stress reactivity in subsequent potentially stressful situations. We conditioned three 

treatment groups: goats individually exposed to human-presented and reward-associated object-

choice tests (COG treatment), goats that received rewards from the experimenter without being 

administered the object-choice tests and thus could form a positive association between human and 

food (POS treatment), and goats that were isolated but received neither a reward nor were 

administered the tests (ISO treatment). All treatment groups were subsequently tested in four 

standardized stress tests: a novel arena test (NA), a novel object test (NO), a novel human test (NH), 

and a weighing test (WH). We hypothesize that if long-term cognitive test exposure itself had a positive 

impact on behaviour and cardiac activity in subsequent stress tests, COG goats would show less 

responses indicative of stress than POS goats. Furthermore, we hypothesize that if long-term 

experience with reward-associated human-animal interaction had a positive impact on behaviour and 

cardiac activity in subsequent stress tests, POS goats would show less responses indicative of stress 

than ISO. To increase variability of our sample, we tested two selection lines of goats (dwarf and dairy 

goats) at two sites under comparable conditions (Voelkl et al., 2020, 2018; Würbel, 2017).  

Material, Animals, and Methods 

Location, animals, and housing conditions 

The study was carried out at two locations, at the Centre for Proper Housing of Ruminants and Pigs at 

Agroscope in Ettenhausen (ET), Switzerland, and at the Leibniz Institute for Farm Animal Biology in 
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Dummerstorf (DU), Germany. We used two selection lines of goats, dwarf goats, not selected for 

productivity traits, and dairy goats, selected for high milk yield. In total, we investigated 61 non-

lactating female Nigerian dwarf goats and 59 non-lactating female dairy goats. Apart from few 

exceptions, we used dwarf goats bred in DU. The only selection aim in this population was to avoid 

inbreeding. The potential milk yield of Nigerian dwarf goats does likely not exceed 0.3 kg per day 

(Akinsoyinu et al., 1977). As it was common practice in DU, dwarf goat kids stayed with their dams for 

six weeks before they were weaned. Regarding dairy goats, we used three of the most common high-

producing dairy breeds in Switzerland and Germany and their crossbreds, namely Saanen (n = 15), 

Chamois Coloured (n = 12), Saanen x Chamois (n = 3), and Deutsche Edelziegen (n = 30). These breeds 

have potential milk yields of up to 3 kg per day (Vacca et al., 2018). In accordance with common 

practice in the dairy goat industry, the dairy goat kids were separated from their dam shortly after 

birth and artificially raised.  

 

At ET, we housed 30 dwarf goats and 30 dairy goats (15 Saanen, 12 Chamois Coloured, 3 Saanen x 

Chamois crossbreds). The dwarf goats were born in DU and moved to ET in June 2017. The dairy goats 

were born on different Swiss farms and were moved to ET in June/July 2017. At DU, we housed 31 

dwarf goats and 29 dairy goats (Deutsche Edelziege). The dwarf goats were born in DU, except of eight 

animals which we bought from two German farms due to shortage of female animals in the facility’s 

own breeding stock. The dairy goats were born on a German farm and were moved to DU in July 2018. 

At the age of 7–8 months, all goats were moved to pens of 10–11 goats each, corresponding to three 

groups of dairy goats and three groups of dwarf goats at both locations. The total area of each dwarf 

goat pen was 14 m2 (approximately 3.6 m x 3.9 m), including of a deep-bedded straw area of 11 m2 

(approximately 2.8 m x 3.9 m) and a 0.5 m elevated feeding place (1.4 m2). The total area of each dairy 

goat pen was 17.7 m2 (approximately 3.9 m x 4.55 m) including of a deep-bedded straw area of 13.4 

m2 (approximately 4.55 m x 2.95 m) and a 0.65 m elevated feeding place (1.82 m2). Hay was provided 

behind a feeding fence at the feeding place twice a day at around 8 am and 4 pm in ET and at around 

7 am and 1 pm in DU. Each pen had one drinker and a lick block for mineral supply. Additional 

structures in the straw-bedded area included a wooden bench (for dairy: 2.4m long, 0.6m high, 0.62 m 

wide; for dwarf: 2.3 m long, 0.5 m high, 0.5 m wide) along the wall of the pen and a round wooden 

table (0.8 m high, Ø 1.1 m) in the centre of the pen. 

 

All animal care and experimental procedures were performed in accordance with the relevant 

legislative and regulatory requirements of the corresponding country and the ASAB/ABS Guidelines for 

the Use of Animals in Research (ASAB & ABS, 2018). All procedures involving animal handling and 

treatment were approved by the Cantonal Veterinary Office, Thurgau, Switzerland (Approval No. 
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TG04/17 – 29343) and the Committee for Animal Use and Care of the Ministry of Agriculture, 

Environment, and Consumer Protection of the federal state of Mecklenburg-Vorpommern, Germany 

(Approval No. 7221.3-1.1-062/17). 

 

Treatment groups  

Three goats from each of the twelve pens (9–11 goats each) were pseudo-randomly assigned to one 

of the three treatment groups: COG (n = 36), POS (n = 36), and ISO (n = 36). Except one pen, all pens 

housed 1–2 extra goats not assigned to a treatment group to replace others in case of e.g. disease or 

injury. Over a period of 4–5 months, goats from the COG group were exposed to standardised cognitive 

tests, in the form of object-choice tasks to assess their discrimination and reversal learning skills as 

well as their ability to use physical cues and human gestures to locate a hidden reward in a cognitive 

test battery (see Appendix II: Text and Table S1 for details regarding habituation and cognitive tests). 

During these tests, COG goats received food rewards from the experimenter for correct responses. The 

POS group was not exposed to cognitive tests, but received a similar amount of rewards as individuals 

in the COG group (= median number of rewards received by COG group in the previous test session), 

provided by the experimenter in the test arena at random times, but over a similar amount of time as 

the COG group (= median time taken by COG group to finish all trials in the previous test session). 

Contrasting COG versus POS allows investigating the effect of the cognitive testing itself, disentangled 

from the effects of the positive association with the human and the isolation from the group during 

testing. Individuals administered the ISO treatment neither participated in cognitive tests nor did they 

receive rewards by the experimenters in the test arena. Instead, they were isolated over a similar 

amount of time as the COG and the POS group in the same arena (= median time taken by COG group 

to finish all trials in the previous test session). Contrasting POS versus ISO allows investigating the effect 

of the positive association of the human with food, disentangled from the effect of isolation from the 

group during testing. To control for caloric intake, ISO animals received the same amount of food 

rewards as POS and COG goats, scattered over the floor of the waiting room (to avoid positive 

association with the human) before they were isolated. 

Stress tests 

After the cognitive test phase (as described in Appendix II: Text and Table S1), we measured reactivity 

of all goats towards different stressors in four tests: a novel arena test (NA), a novel object test (NO), 

a novel human test (NH), and a weighing test (WH) in a mobile scales. In ET, all goats were between 15 

and 17 months old when the first stress test (NA) started (mean ± SD: dwarf goats 509 ± 0.9 d, dairy 

goats 468 ± 3.5 d). In DU, goats were around 18 months old at test start (mean ± SD: dwarf goats 557 

± 3.4 d, dairy goats 540 ± 0 d). All tests were completed within 6 weeks at both locations. While in DU, 
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the NA, NO, and NH took place in a room in the same building where goats were housed, in ET goats 

had to be moved to a different building for these tests. The WH took place right in front of the goats’ 

home pens at both locations. During all tests, acoustic and olfactory contact between the test subject 

and its peers was possible. 

Novel arena test (NA) 

The NA was used to assess reactivity towards isolation in a novel environment. We measured goats’ 

reactivity in an arena (3 m x 5 m) with opaque walls (2 m high), a grid drawn on the floor (with 12 

segments), and a start box (1 x 1 x 1 m) attached on the outside but connected to the arena (Fig. 1). 

Each subject was placed in the start box for 20 s to standardize the beginning of each test. After 20 s, 

the start box was opened and the animal allowed to enter the arena. Right after the goat had entered 

the arena the start box was closed and the test subject stayed in the arena for 5 min. Each goat was 

tested once in the NA on one of two consecutive days on which, for a given selection line and site, all 

NA were performed. 

 

Figure 6: Picture of the arena (3 x 5 m) used for the novel arena (NA), novel object (NO), and novel human (NH) tests. The 

arena was divided in 12 segments which were drawn on the floor. The numbering used to identify the segments when 

encoding the animal behaviour are indicated in the sketch on the right.  

Novel object test (NO) 

With the NO, we assessed the reactivity of animals towards a novel object. In the arena described 

above (Fig. 6), the same procedure as in the NA was applied, however a novel object (DU: green bucket, 
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30 cm high, Ø 50 cm, ET: brown bucket, 40 cm high, Ø 30 cm) was placed in segment 11 of the arena. 

Each goat was tested once in the NO on one of two consecutive days on which, for a given selection 

line and site, all NO were performed. 

Novel human test (NH) 

The reactivity towards a human was measured using a NH. In this test, the goat was confronted with a 

stationary novel human (always wearing a lab coat) standing in the back (segment 11) of the arena 

(Fig. 6) and looking at the wall above the entrance gate not making eye contact with the goat. All else 

followed the same procedure as in the NA. Each goat was tested once in the NH on one of two 

consecutive days on which, for a given selection line and site, all NH were performed. 

Weighing test (WH) 

Finally, we scored goats’ responses to handling during weighing in a mobile scales (FX 21A, Agro 

Sigmer, Fig. 7). The test subject was first led onto the scales where it stayed for 3 min, starting as soon 

as the gate of the scales was closed. If the goat refused to walk into the scales, the experimenter gently 

pushed it. After this period, the experimenter opened the gate on the opposite side of the scales and 

the goat was allowed to walk out. If the goat refused to walk out, the experimenter gently encouraged 

it to leave the scales. Two experimenters were simultaneously scoring how easily the goat entered the 

scales, how it behaved in the scales and how easily it exited the scales using a scoring system adapted 

from D`Eath et al. (D’Eath et al., 2009; Table 3). During weighing, experimenters were positioned on 

either side of the scales within 1 m distance. Testing of all goats took place on a single day (one trial 

per goat). 
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Figure 7: Picture of a dairy goat on the scales wearing the harness used to record cardiac measures. 

Table 3: Scoring system used for scoring responses to handling during weighing (adapted from D’Eath et al., 2009). 

Score Description 

    
Entering the scales  

1  Goat is very difficult to move and tries to escape. Hard pushing or lifting of legs by experimenter necessary. 
2  Goat is difficult to move into the scales and tries to resist. Some pushing by experimenter needed. 
3  Goat walks into the scales with little encouragement by experimenter. 
4  Goat walks/runs forward into the scales voluntarily 
    
Weighing on the scales 

1  Goat moves around a lot during weighing, many escape attempts, rearing, and vocalizing 
2  Goat is mostly moving, showing some escape attempts, vocalizes 

3  Goat moves around a bit during weighing, max. one escape attempt, vocalizes 
4  Goat stands mostly still during weighing or is trying to lie down, no escape attempts, little vocalization 
    
Exiting the scales 

1  Goat resists and is very difficult to push out of the scales 

2  Goat moves out of the scales after some pushing by experimenter 
3  Goat (slowly) leaves of its own accord once the door is opened 

4  Goat quickly runs out of scales, no hesitation 

 

Behavioural and cardiac measures 

The behavioural and acoustic responses were videotaped with a camcorder (ET: Sony HDR-CX240E; 

DU: Panasonic HDC-SD60) and an external microphone (Table 4). Additionally, cardiac measures of 

goats were recorded in each of the four test situations: in the NA, NO, and NH for 5 min starting when 

the goat entered the arena, in the WH for 3 min starting as soon as the goat entered the scales. Goats 
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were equipped with an electrocardiogram (ECG) acquisition harness (BioHarness® system, MLE120X 

BioHarness Telemetry System, Zephyr Technology Corporation, Annapolis, MD, U.S.A.) which was 

fitted tightly around the chest behind the front legs of the animals (Fig. 7). ECG gel was applied on the 

parts of the belt containing the electrodes before each use. Electrodes were positioned on the left side 

of the chest, with one electrode placed close to the sternum and the other electrode over the right 

scapula. ECG was recorded at 250 Hz by a logger integrated in the BioHarness® system and transmitted 

live to a laptop with the software AcqKnowledge (v.4.4, BIOPAC System Inc). To minimize stress linked 

to the novel device, the first test, the NA, was preceded by one day of habituation to wearing the 

harness.  

For each individual, a baseline recording of cardiac activity was taken, either in its social group (DU and 

ET: NA, NO, NH, DU: WH) or individually in front of its home pen (ET: WH), shortly before it was taken 

to the test room. Cardiac activity for the baseline was measured for 10 min for the NA, NO, and NH 

and for 5 min for the weighing test. Right after the baseline measurement was taken, functionality of 

the harness was assessed and, if needed, readjusted, and the goat was led to the starting box of the 

test room for the NA, NO, and NH or in front of the scales in case of the WH.  

Behaviour coding and ECG processing  

The videos (with audio) were analysed with the Observer XT software (v.13, Noldus Information 

Technology, The Netherlands) to determine frequency and duration of behavioural responses (Table 

4). The ECG was processed using a custom-made software called “EasieRR” (Rasmussen, Rosenberger, 

& Langbein, 2020, see Appendix IV for more details). R peaks were automatically detected using the 

software’s peak prominence algorithm (peak prominence set at 0.05–0.07 depending on the ECG 

trace) and were reviewed visually for ectopic cardiac beats, missed beats, and outliers by three 

investigators. As there was too much noise in the data to analyse the whole 3 (WH) to 5 min (NA, NO, 

NH) recordings of the stress tests, we decided to only analyse selected time intervals of 20 s within 

certain time windows. For the baseline recordings, this time window started after 60 s to avoid 

measuring the effect of putting the harness on. For the recordings of the stress tests, the test time was 

split in half and we analysed 1–3 time intervals of 20 s in the first half and 1–3 time intervals of 20 s in 

the second half of each test per animal. We selected time intervals in which the heart beats on the 

ECG trace were clearly visible and the signal-to-noise ratio was adequate. If artefacts in heart rate data 

could not be avoided by deleting a max of 5% of artefacts (max. of 3 artefacts in a row), the time range 

was discarded (Jan Langbein et al., 2004; Mohr, Langbein, & Nürnberg, 2002). However, likely due to 

the high activity in the stress tests and presumably bad electrode contact, data quality was too low to 

use any parameters of heart rate variability. In the statistical analysis we therefore only included the 
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baseline-subtracted heart rate which is the average of the 20 s time intervals from the recordings of 

the stress test minus the averaged baseline values. 

Statistical analysis 

All statistical analyses were performed in R v4.0.3 (R Core Team, 2020). We excluded 7 dwarf goats 

and 1 dairy goat that did not participate because they were too stressed to be tested in some of the 

standardized cognitive tests (object-choice tests) administered as part of the COG treatment. 

Additionally, in each of the four stress tests, several goats had to be excluded from the analysis because 

of missing values due to technical failure of the video camera, the microphone, or the ECG device (NA: 

n = 13 goats, NO: n = 11 goats, NH: n = 11 goats, WH: n = 6 goats).   

For each test, we performed a Principal Component Analysis (PCA) to reduce the large set of 

behavioural and cardiac parameters to a smaller set of components. To improve normality before the 

PCA analysis, all parameters were transformed applying Yeo-Johnson transformation with the R 

package bestNormalize (Peterson & Cavanaugh, 2019). We used the Kaiser-Meyer-Olkin Measure of 

Sampling Adequacy (MSA) and the Bartlett test to assess the adequacy of our data for PCA (functions 

KMO and cortest.bartlett from psych R package (Revelle, 2020). According to Budaev (2010) an overall 

MSA of less than 0.5 would be unacceptable. If the overall MSA was below 0.5, the MSA of each 

contributing variables was calculated and variables with MSA < 0.4 were dropped before the test was 

re-run. This procedure was continued until the overall MSA was >= 0.5. The Bartlett test was finally 

applied to test whether the correlation matrix is factorable (i.e., the correlations differ from 0). This 

procedure resulted in a total of nine different behavioural measures and one cardiac measure to be 

used in the different PCAs (5 measures in NA, 6 in NO, 6 in NH, 4 in WH, see Table 4).  

Table 4: Definitions of behavioural and cardiac measures that were included in the different Principal Component Analysis.  

Test  Measure Type Definition 

NA, NO, NH Total time inactive  sec Animal is standing still, legs are not moving. 

NA, NO, NH Vocalizing  frequency Animal is vocalising with open or closed mouth. 

NO Object contact frequency Animals' snout touches or is within 5 cm of the object. 

NH Human contact frequency Animals' snout touches or is within 5 cm of the human. 

NA, NO, NH Change of segment frequency Animal moves to another segment with at least both front legs (see Fig. 6). 

NA, NO, NH 
Staying in inner 
segments sec Segments number 5 and 8 (see Fig. 6). 

NA, NO, NH, WH Heart Rate bpm Baseline-subtracted heart rate during test 

WH Weighing Score Score 1-4* 
Mean score (Table 3) given by experimenters during weighing on scales, 
from high (=1) to low (=4) stress. 

WH Exiting Score Score 1-4* 
Mean score (Table 3) given by experimenters during exiting of scales, from 
high (=1) to low (=4) stress. 

WH Entering Score Score 1-4* 
Mean score (Table 3) given by experimenters during entering of scales, from 
high (=1) to low (=4) stress. 

* scoring system according to D’Eath (2009) 
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The PCA was conducted with the R function principal (psych R package) using varimax rotation. To 

choose the final number of extracted PCs to retain, we applied nScree analysis with the plotnScree 

function from the R package nFactors (Raîche, Walls, Magis, Riopel, & Blais, 2013), which uses four 

methods: the optimal coordinates, the acceleration factor, the parallel analysis, and the Kaiser-

Guttman rule. We decided to retain two components in the NA, NH, and NO for the final PCA 

calculation, since three of the previously mentioned methods suggested so. For the WH, only the first 

component was retained. As on the second component only the behavioural measure Entering Score 

loaded considerably (> |0.5|), we used directly the Yeo-Johnson-transformed Entering Score and not 

the rotated component from PCA for further analysis.  

To analyse the effects of the treatments (COG, POS, ISO) on the rotated PCA component scores and on 

the Entering Score, we employed linear mixed-effects models using the lmer function from the R 

package lme4 (Bates, Maechler, et al., 2015).  

For all models, the formula in lme4 syntax was the following:  

response ~ 0 + Treatment:SelectionLine +  (1|Site/Pen) 

We considered a treatment effect individually for each selection line through a corresponding 

interaction term as fixed effect [0 + Treatment:SelectionLine]. Besides this fixed effect, a random 

intercept for pen nested within site (1|Site/Pen) was included to account for potential effects of the 

affiliation to the home pen (A–F, U–Z) and site (ET, DU). To investigate differences in stress responses 

between the treatments and between the selection lines, we tested contrasts for the fixed effect using 

the glht function from R package multcomp (Hothorn et al., 2008). P-values for fixed effect estimates 

and for the contrasts were obtained using Wald Z-tests (summary.ghlt function, multcomp package). 

Confidence bands for fixed effect estimates were obtained using the predict.MerMod function (lme4 

package) in conjunction with the bootMer function (lme4) for parametric bootstrapping (104 

bootstraps). Only the uncertainty in the fixed effects was taken into account (parameter re.form =  ~ 0 

in predict.MerMod).  

Results 

Principal component analyses 

Table 5 and Figure 8 present the results of the four PCAs of the stress tests. In the PCA of the NA, we 

retained two rotated components (RCs, Overall MSA = 0.52). The first RC (NA_RC1) explained 30 % of 

the total variance. It contained a high positive loading (> 0.5) for the frequency of segment changes 
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and a high negative loading (< -0.5) for the duration being inactive. Goats that loaded highly on this 

component were therefore labeled ‘active in NA’ (Table 4). The second RC (NA_RC2) explained 27% 

of the total variance. It contained high positive loadings for heart rate, frequency of vocalisations, 

and duration in inner segments. As these behaviours are indicative of a high reactivity to isolation, 

goats that loaded highly on this component were termed ‘reactive in NA’. In the PCA of the NO 

(Overall MSA = 0.56) the first component (NO_RC1) explained 40% of total variance. It contained a 

high negative loading for the duration being inactive and a high positive loading for the frequency of 

segments changes. Goats loading highly on this component were thus termed ‘active in NO’. The 

second component (NO_RC2) explained 31% of total variance and contained high loadings for the 

frequency of object contacts as well for heart rate. As the frequency of object contacts is indicative 

for explorative-like behaviours, goats that loaded highly on this component were termed ‘explorative 

in NO’. In the PCA of the NH (Overall MSA = 0.57), the first component (NH_RC1) explained 34% of 

the total variance. It contained high positive loadings for frequency of vocalisations as well as 

frequency of human contacts and a high negative loading for heart rate. Goats that loaded highly on 

this component were therefore termed ‘sociable in NH’. The second component in the NH (NH_RC2) 

explained 33% of the variation in the data. We negated its loadings (multiplication by -1) to ease 

interpretation. The negated component contained a high negative loading for duration being inactive 

and a high positive loading for frequency of segment changes. Goats that loaded highly on this 

(negated) component were termed ‘active in NH’. In the PCA of the WH (Overall MSA = 0.59), the 

single component retained described behaviour indicative of reactivity towards handling and 

weighing (WH_RC1) and explained 51% of total variance. It contained high positive loadings for 

exiting score and heart rate and a high negative loading for the weighing score. Goats loading highly 

on this component were termed ‘reactive in WH’.
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Table 5: Principal Component Analysis (PCA) results of each of the four stress tests (NA, NO, NH, WH) with eigenvalues, 

percentage of the total variance, and loadings of the rotated components (RC1 and RC2), along with communalities (= 

proportion of variance in the variable explained by the components). Loadings above 0.5 and below -0.5 are shown in bold. 

novel arena test (NA) 'active in NA' (RC1) 'reactive in NA' (RC2) Communalities 

baseline-substracted heart rate 0.0 0.7 0.5 

duration being inactive -0.8 -0.1 0.6 

frequency of vocalisations 0.3 0.6 0.5 

frequency of segment changes 0.8 -0.1 0.7 

duration in inner segments -0.3 0.7 0.6 

eigenvalues 1.5 1.3   

% of variance  30.0 27.0   

novel object test (NO) 'active in NO' (RC1) 'explorative in NO' (RC2)  
baseline-substracted heart rate -0.04 0.9 0.8 

duration being inactive -0.8 -0.3 0.8 

frequency of object contacts 0.3 0.7 0.5 

frequency of segment changes 0.9 -0.01 0.8 

eigenvalues 1.6 1.3   

% of variance  40.0 31.0   

novel human test (NH) 'sociable in NH' (RC1) 'active in NH' (-RC2*)  
baseline-substracted heart rate -0.6 -0.2 0.5 

duration being inactive 0.0 -0.9 0.8 

frequency of vocalisations 0.7 0.2 0.5 

frequency of human contacts 0.8 -0.2 0.7 

frequency of segment changes 0.2 0.9 0.8 

eigen values 1.7 -1.7   

% of variance  34.0 -33.0   

weighing test (WH) 'reactive in WH' (RC1)    
baseline-substracted heart rate 0.6 - 0.4 

weighing score -0.8 - 0.6 

exiting score 0.8 - 0.6 

eigenvalues 1.5 -   

% of variance  51.0 -   
* Loadings for this component have been negated (multiplied by -1) for ease of interpretation. 
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Figure 8: PCA biplot for each of the four stress tests: novel arena (NA), novel object (NO), novel human (NH), and weighing 

test (WH).   

Linear mixed-effects models (LMM) 

We analyzed the effect of treatment and selection line on the above described rotated PCA 

components and the Entering score in WH. Fixed effect estimates are shown in Fig. 9 and fixed effect 

contrasts with respect to treatment and selection line are listed in Table 6 and Table 7, respectively. In 

the NA, we found no indication for treatment differences in activity (NA_RC1, Table 6). With weak 

statistical support POS dwarf goats were more reactive than ISO dwarf goats (NA_RC2, p = 0.08). When 

comparing selection lines, dwarf goats were less reactive to isolation than dairy goats (all p < 0.03, 

Table 7).  
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Figure 9: Treatment (COG, POS, ISO) fixed effect estimates with confidence intervals from LMMs with PCA component scores 

as responses. Distributions of component scores (grey dots) are summarized as rotated kernel density plots (violin plots). 

In the NO, we found no indication for treatment differences in activity (NO_RC1, Table 6). Dwarf goats 

were generally more active than dairy goats, but with varying statistical certainty within the different 

treatment groups (all p < 0.08; Table 7). Dwarf goats from the POS treatment were more explorative 

(NO_RC2) than dwarf goats from the ISO treatment (NO_RC2, p = 0.03). When comparing between 

selection lines, we found that ISO dwarf goats were less explorative than ISO dairy goats (p < 0.01; 

Table 7).  

In the NH, we found, with limited statistical support, that POS dwarf goats were more sociable than 

ISO dwarf goats (NH_RC1, p = 0.09). Sociability of selection lines differed within the COG and ISO 

treatment, with COG and ISO dwarf goats being less sociable towards a novel human than COG and 

ISO dairy goats, respectively (both p <0.02; Table 7). No indication for treatment differences were 

found for activity (NH_-RC2). Dwarf goats were generally more active compared to dairy goats (all p < 

0.03; Table 7).  
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In the WH, COG goats were less reactive towards handling (WH_RC; Table 6) than POS goats with 

varying statistical certainty for dwarf (p = 0.01) and dairy (p = 0.08) goats. POS dwarf goats were 

furthermore more reactive towards handing than ISO dwarf goats (p = 0.01). Comparing selection lines, 

we found for the POS treatment that dwarf goats were more reactive towards handling than dairy 

goats (p = 0.02; Table 7). This was not the case within the COG treatment and the ISO treatment. The 

LMM with the ‘Entering in WH’ as response variable did not indicate differences between treatments 

or selection lines (Table 6 and 7). 

Table 6: Summary of treatment contrasts from linear mixed-effects models of all stress tests. The respective results for fixed 

and random effects are in Appendix II: Table S2-S9. 

 ‘active’ in the novel arena test (NA_RC1) 

 Dwarf Dairy 

  est. s.e. p est s.e. p 

POS - COG 0.43 0.35 0.23 0.01 0.31 0.98 

ISO - POS -0.42 0.34 0.22 0.36 0.30 0.22 

ISO - COG 0.00 0.32 0.99 0.37 0.30 0.22 

       

 ‘reactive to isolation’ in the novel arena test (NA_RC2) 

 Dwarf Dairy 

  est. s.e. p est s.e. p 

POS - COG 0.15 0.31 0.62 -0.01 0.27 0.96 

ISO - POS -0.52 0.30 0.08 0.00 0.26 0.99 

ISO - COG -0.37 0.28 0.19 -0.02 0.26 0.95 

       

 ‘active’ in the novel object test (NO_RC1) 

 Dwarf Dairy 

  est. s.e. p est s.e. p 

POS - COG 0.17 0.38 0.66 -0.17 0.31 0.58 

ISO - POS -0.16 0.36 0.64 0.34 0.30 0.27 

ISO - COG 0.00 0.34 0.99 0.16 0.30 0.58 

       

 ‘explorative’ in the novel object test (NO_RC2) 

 Dwarf Dairy 

  est. s.e. p est s.e. p 

POS - COG 0.31 0.40 0.44 0.17 0.32 0.61 

ISO - POS -0.80 0.38 0.03 0.02 0.32 0.96 

ISO - COG -0.49 0.36 0.17 0.18 0.32 0.56 

       

 ‘sociable’ in the Novel human test (NH_RC1) 

 Dwarf Dairy 

  est. s.e. p est s.e. p 

POS - COG 0.41 0.27 0.13 -0.03 0.25 0.92 

ISO - POS -0.44 0.26 0.09 0.15 0.25 0.55 
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ISO - COG -0.02 0.26 0.93 0.12 0.24 0.61 

       

 ‘active’ in the novel human test (NH_-RC2) 

 Dwarf Dairy 

  est. s.e. p est s.e. p 

POS - COG 0.31 0.31 0.32 -0.38 0.29 0.20 

ISO - POS -0.04 0.30 0.88 0.10 0.29 0.72 

ISO - COG 0.27 0.30 0.37 -0.27 0.28 0.32 

       

 ‘reactive towards handling’ in the weighing test (WH_RC) 

 Dwarf Dairy 

  est. s.e. p est s.e. p 

POS - COG 0.81 0.31 0.01 0.48 0.28 0.08 

ISO - POS -0.76 0.31 0.01 0.03 0.27 0.91 

ISO - COG 0.06 0.29 0.85 0.52 0.27 0.06 

       

 Entering Score* in the weighing test  

 Dwarf Dairy 

  est. s.e. p est s.e. p 

POS - COG -0.12 0.39 0.77 -0.17 0.35 0.64 

ISO - POS -0.14 0.38 0.71 -0.12 0.35 0.74 

ISO - COG -0.26 0.36 0.47 -0.28 0.34 0.41 

 * Yeo-Johnson transformed variable (no PCA component)   

Table 7: Summary of selection line contrasts from linear mixed-effects models of all stress tests. The respective results for 

fixed and random effects are in Appendix II: Table S2-S9. 

‘active’ in the novel arena test (NA_RC1) 

Treatment COG     POS     ISO     

  est. s.e. p est. s.e. p est. s.e. p 

Dairy-Dwarf -0.13 0.39 0.75 -0.55 0.39 0.17 0.24 0.37 0.52 

          

‘reactive to isolation’ in the novel arena test (NA_RC2) 

 COG     POS     ISO     

  est. s.e. p est. s.e. p est. s.e. p 

Dairy-Dwarf 1.03 0.39 0.01 0.87 0.39 0.03 1.38 0.37 <0.001 

          

‘active’ in the novel object test (NO_RC1) 

 COG     POS     ISO     

  est. s.e. p est. s.e. p est. s.e. p 

Dairy-Dwarf -0.74 0.36 0.04 -1.08 0.38 0.00 -0.58 0.33 0.08 

          

‘explorative’ in the novel object test (NO_RC2) 

 COG     POS     ISO     

  est. s.e. p est. s.e. p est. s.e. p 

Dairy-Dwarf 0.26 0.35 0.46 0.12 0.38 0.75 0.93 0.32 <0.01 
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‘sociable towards a novel human’ in the novel human test (NH_RC1) 

 COG     POS     ISO     

  est. s.e. p est. s.e. p est. s.e. p 

Dairy-Dwarf 0.63 0.27 0.02 0.19 0.28 0.49 0.78 0.25 <0.01 

 

‘active’ in the novel human test (NH_-RC2) 

 COG     POS     ISO     

  est. s.e. p est. s.e. p est. s.e. p 

Dairy-Dwarf -0.65 0.31 0.03 -1.34 0.32 0.00 -1.20 0.29 <0.001 

 

‘reactive towards handling’ in the weighing test (WH_RC) 

 COG     POS     ISO     

  est. s.e. p est. s.e. p est. s.e. p 

Dairy-Dwarf -0.44 0.32 0.17 -0.77 0.34 0.02 0.02 0.32 0.96 

          

Entering Score* in the weighing test 

 COG     POS     ISO     

  est. s.e. p est. s.e. p est. s.e. p 

Dairy-Dwarf -0.30 0.36 0.41 -0.35 0.38 0.37 -0.32 0.35 0.36 

*Yeo-Johnson transformed variable (no PCA component)   

Discussion 

We hypothesized that if cognitive testing itself has a positive impact on behaviour and cardiac activity 

in subsequent stress tests, goats with long-term experience with standardized cognitive tests (COG) 

will show less responses indicative of stress than POS goats, which were not exposed to cognitive tests, 

but received a similar amount of reward-associated human-animal interaction. Furthermore, we 

hypothesized that if reward-associated human-animal interaction has a positive impact on behaviour 

and cardiac activity in subsequent stress tests, POS goats will show less responses indicative of stress 

than ISO goats, which neither participated in cognitive tests nor received reward-associated human-

animal interaction. Overall, our results from the four stress tests do not support the two hypotheses.  

Effect of cognitive testing (COG vs. POS) 

We had developed the hypothesis of COG vs. POS based on studies which found that cognitively 

challenged goats and pigs display more exploration and less fearful behaviour and activity in an NA and 

NO compared to animals that did not receive this cognitive enrichment (Oesterwind et al., 2016; Puppe 

et al., 2007; Zebunke et al., 2013). Except for the reactivity to weighing in WH we did not find support 

for effects of cognitive testing per se (COG-POS contrast) on the responses in the four stress tests. One 

possible explanation for the general lack of a treatment effect is that all goats experienced a lot of 

environmental stimulation already in their home pens (e.g. climbing and hiding opportunities, ad lib 
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hay and straw). Various studies on farm animals have demonstrated that environmental enrichment, 

such as straw or climbing racks, can make animals less fearful and more exploratory towards an 

unknown object (Beattie et al., 2000; Hillmann et al., 2003; Oesterwind et al., 2016). Furthermore, all 

goats were confronted with additional environmental stimuli in the process of the experiment. They 

were repeatedly taken out of their pens and exposed to the test environment (that included novel 

visual, acoustic, and olfactory cues). They were also regularly handled to be equipped with loggers to 

measure activity in the home pen (data not shown) and with harnesses to measure cardiac activity. 

Taken together, all goats may have received such a high level of environmental stimulation that the 

additionally administered cognitive stimulation through the COG treatment was rendered negligible. 

Also, in other studies, intermittent exposure to mildly stressful situations in early life has been found 

to reduce reactivity and to improve resistance to subsequent stressors in mice and monkeys 

(Brockhurst, Cheleuitte-Nieves, Buckmaster, Schatzberg, & Lyons, 2015; Parker, Buckmaster, 

Schatzberg, & Lyons, 2004). A study on horses reported that animals which spend more time outside 

of their stalls and that are used to be ridden by two or more riders have a less pronounced adrenal 

response than box stalled horses or horses with only one rider (Sauer et al., 2019).  

Another explanation for not finding an effect of the COG treatment could be that the cognitive testing 

per se was not perceived as enriching by the goats. It is even possible that certain aspects of the testing 

procedure (i.e. uncontrollability or isolation) were experienced as negative and thus did not lead to 

the expected decrease of stress reactivity in the COG goats. For example, unpredictable training events 

(Doyle et al., 2011; Galhardo et al., 2011) or the initial frustration caused by failure in a novel task at 

early stages of learning may cause stress levels to increase (Jan Langbein et al., 2004). Particularly for 

social animals such as goats, isolation is a major stressor (Aschwanden et al., 2008a; Patt et al., 2013; 

Siebert et al., 2011). Although we made sure all goats were sufficiently habituated to isolation and the 

GOG goats willingly participated in the tests, we cannot exclude that testing was still perceived as 

stressful by some individuals. Also, studies that found cognitive enrichment effects on stress reactivity 

had the cognitive enrichment device incorporated in the home pen and the animals actively decided 

to interact with the device (Jan Langbein et al., 2004; Manteuffel et al., 2009; Puppe et al., 2007). Such 

voluntary interaction and exploration of an enrichment device may allow the animal to experience 

agency over its environment which is not only self-rewarding, but also enhances the animal’s 

competence to deal with future challenges (Spinka & Wemelsfelder, 2017). In the current study, the 

experimenters but not the individual goat decided when the cognitive tests were administered. This 

may have taken the effect of agency out of the equation and could explain why we did not find reduced 

stress reactivity in COG versus POS animals. The discrepancy between our study with the administered 

cognitive stimulation and the studies with the enrichment devices therefore suggests that further 
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research is needed to identify the aspects associated with cognitive enrichment (and the conditions 

under which it takes place) relevant for the reduced stress reactivity. 

Effect of reward-associated human-animal interaction (POS vs. ISO) 

We also hypothesised that, if goats are sustainably positively affected by the reward associated 

interaction with the experimenter, POS goats would be less stress reactive than ISO goats. Overall, we 

did not find consistent support for this hypothesis. Only in dwarf goats and with varying statistical 

certainty we found some differences in stress test responses between the POS and the ISO treatment 

group. Dwarf goats from the POS versus from the ISO treatment were more sociable (NH) and more 

explorative (NO), presumably both indicating reduced stress and therefore supporting the hypothesis 

above. However, POS versus ISO dwarf goats were also more reactive towards isolation (NA) as well as 

more reactive towards weighing (WH). Assuming high levels in the latter two are indicative for stress, 

these observations would contradict the hypothesis that reward-associated human-animal interaction 

reduces stress reactivity. However, the assignment of the PCA components and their underlying 

measures to higher or lower stress is not unambiguous. For example a higher heart rate was associated 

both with higher reactivity toward isolation (indicative of more stress) as well as with increased 

exploration (indicative of less stress; Fig. 8). Also, reactivity in the WH consisted of a high negative 

loading for the weighing score and a high positive loading for the exiting score. This would mean, goats 

that were more stressed during weighing, tended to be less stressed during exiting. But, the stress 

scores we adapted from D’Eath et. al. (2009) might not be able to adequately capture stress reactivity 

in goats depending on the type of their reactions. While an active stress response might result in low 

exiting score and low weighing score, a passive stress response (e.g. freezing) would result in a low 

exiting score and a high weighing score. Therefore, single components or stress tests have to be 

interpreted very cautiously if — like in our case — consistent patterns are not apparent. 

However, it is worth mentioning that only for dwarf goats but not for dairy goats we found support for 

POS versus ISO differences at least for some stress test measures. Dairy goats seemed to be generally 

less stressed by human presence compared to dwarf goats and therefore less affected by the 

administered human-animal interaction (POS treatment). These differences between selection lines 

could be explained by genetic predisposition as selection for high productivity has been shown to 

increase sociability towards humans (C. Lindqvist & Jensen, 2008; Schütz & Jensen, 2001). They could 

also be explained by differences in early rearing. Whereas the dwarf goats were reared with their dams 

until they were 6 weeks old, the dairy goats were separated immediately after birth. It has been shown 

that goats raised by their dams are more reluctant to get in contact with humans (Boivin & Braastad, 

1996). Early human-animal interactions have been found to have lasting effects on temperament and 

behaviour (Lyons, 1989; Lyons & Price, 1987; Lyons et al., 1988). For example, goat kids gently handled 
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at one week of age remained closer to a human observer and vocalized less when isolated than kids 

first handled at six months of age or not handled at all (Boivin & Braastad, 1996). Therefore, phenotypic 

variation in stress reactivity must be considered when assessing stress reactivity and when interacting 

with goats. 

Conclusion 

We found that long-term experience with standardized cognitive testing per se does not reduce stress 

reactivity of goats in subsequent stress tests. Further research is needed to identify the aspects 

associated with cognitive enrichment relevant for the reduced stress reactivity found in other studies. 

For dwarf goats but not for dairy goats we found support for an effect of reward-associated human-

animal interactions at least for some stress test measures. This highlights the need to consider 

phenotypic variation when assessing stress reactivity or interacting with goats. 
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Abstract 

Cognitive research in long-lived species commonly involves using the same animals in different 

experiments. It is unclear whether the participation in cognitive tests can noticeably alter the 

performance of individuals in subsequent conceptually different tests, so we investigated whether 

exposure to cognitive tests affects future test performance of goats. We conditioned three treatment 

groups: goats with long-term exposure to human-presented object-choice tests (for visual 

discrimination and reversal learning tests + cognitive test battery), goats that were isolated as for the 

test exposure but received a reward from the experimenter without being administered the object-

choice tests, and goats that were isolated but neither received a reward nor were administered the 

tests. All treatment groups were subsequently tested in two conceptually different cognitive tests, 

namely a spatial A-not-B detour test and an instrumental problem-solving test. We tested dairy goats, 

selected for high productivity, and dwarf goats, not selected for production traits, each at the same 

two research sites. We found only subtle differences between treatments with respect to the goats’ 

detour or problem-solving performance. However, high variation was observed between the research 

sites, the selection lines, and among individuals, highlighting potential pitfalls of making accurate 

comparisons of cognitive test performances.  
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Introduction 

Comparative approaches that identify key socio-ecological drivers of certain cognitive traits are 

important to understand the evolutionary origins of human cognition. Comparative research involving 

cognitive tests in non-human species is targeting animals in research facilities, including laboratory, 

zoo and farm animals (MacDonald & Ritvo, 2016). Depending on the species, this line of research 

commonly uses the same animals repeatedly over several experiments, which is often a necessity due 

to restricted financial resources and/or constraints in the available number of animals at the facility. 

Although it is known that animals can pick up learned contingencies over similar tests (Harlow, 1949; 

Jan Langbein, Siebert, Nürnberg, et al., 2007), it is still unclear whether the participation in cognitive 

tests alters the performance of individuals in subsequent conceptually different cognitive tests. This 

raises the question whether potential long-term behavioural change due to repeated cognitive testing 

hampers comparability of data and replicability of study findings that are obtained from subjects with 

different histories of test exposure.  

 

To answer this question, a variety of potentially confounding factors that can affect test performance 

in subsequent cognitive tests need to be disentangled. First, the cognitive testing per se may have an 

effect on future test performance. The frequent operation of similar cognitive tests enhances the 

ability to learn the test-inherent contingencies and thus alter test performances when compared with 

naïve subjects: the recall of previously learned information can help to facilitate subsequent learning 

in a conceptually similar following test (Harlow, 1949; Jan Langbein, Siebert, Nürnberg, et al., 2007). 

For instance, prior experience in detour tests with transparent obstacles also improved performance 

of pheasants in a subsequent novel detour test (Van Horik et al., 2018). Although this effect of ‘learning 

to learn’ was shown for similar tests, little is known on how test exposure affects future performance 

in cognitive tests of a different type. 

 

Research suggests that experience acquired via one specific test is likely domain specific and hardly 

transferable to different tests (Souders et al., 2017; Tia, Viaro, & Fadiga, 2018; van Horik & Madden, 

2016). For instance, tool-use training in monkeys did improve performance in the physical cognition 

domain, but not their ability to generalise this tool-use knowledge to a novel tool (Tia et al., 2018). 

Similar results were found in humans where participants slightly improved their performance in the 

cognitive test most similar to the test learned, but general transfer from one test to a conceptually 

different test was poor (Souders et al., 2017). However, it is possible that the experience of short 

testing periods over 1–2 months in the previously mentioned studies (Souders et al., 2017; Tia et al., 

2018; van Horik & Madden, 2016) have not been sufficient to induce biologically meaningful 
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differences in test performance in subsequent tests. For example, highly trained dogs, such as 

competitive-level sport dogs or certified working dogs, were shown to be more persistent and 

successful in solving a problem than non-trained dogs (Marshall-Pescini, Frazzi, & Valsecchi, 2016; 

Marshall-Pescini, Valsecchi, Petak, Accorsi, & Previde, 2008; B. Osthaus, Lea, & Slater, 2003). However, 

other factors associated with the dog’s environment such as rearing history might have caused changes 

beyond test experience.  

 

Furthermore, cognitive testing is linked to more general changes in behaviour and physiology that 

could indirectly affect the performance in subsequent cognitive tests. Langbein et al. (Jan Langbein et 

al., 2004) found that offering cognitive challenges via a computer-based learning device to goats 

induced changes in vagal activity of the heart during successful learning, suggesting that operating the 

learning device was experienced as positive stress by those animals. The use of a ‘call feeding station’ 

to cognitively challenge pigs over a 12-week period not only led to an increase in locomotor behaviour 

and a decrease in belly nosing in the pigs’ home environment, but also altered behaviour in subsequent 

open-field and novel-object tests. The cognitively challenged pigs showed reduced activity and 

excitement in these tests compared with control pigs that were not administered the cognitive 

challenge (Puppe et al., 2007). The effect was more pronounced after 12 weeks of access to the call 

feeding station than after 6 weeks. Previous experiences with cognitive tests might therefore alter the 

motivation to participate and the performance in future cognitive tests by reducing neophobia and/or 

stress levels. 

 

In addition to previous experiences with cognitive testing itself, habituation to humans and to isolation 

in a test environment are important non-cognitive factors that can potentially cause relevant 

differences in test performance between habituated and naïve individuals, because they also affect 

the motivation to participate in tests and the stress level in the test situation. In contrast to studies 

using an automated reward delivery (Jacobson et al., 2019b; Jan Langbein et al., 2004; Puppe et al., 

2007), other cognitive test paradigms, such as object-choice tests, often require human–animal 

interaction, for example for positive reinforcement by a human experimenter. This interaction may be 

stressful for animals if they have not been habituated or if they had negative experiences with humans 

in the past. For example, high emotional reactivity towards the experimenter was found to affect 

learning performance of pigs (Brajon et al., 2016). In addition, separation from the group is stressful 

for most social animals and has been found to increase vocalisations, heart rate and cortisol levels 

(Aschwanden et al., 2008a; Boissy & Le Neindre, 1997; Da Costa et al., 2004; Patt et al., 2013; Siebert 

et al., 2011). A lack of sufficient habituation to humans and isolation can thus hamper a correct and 
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reliable assessment of cognitive performance by a decrease in attention and participation (Regolin et 

al., 1995; Washburn & Rumbaugh, 1991).  

 

Goats are a promising model species for cognitive research. By means of object-choice tests, they have 

been found to follow human pointing gestures to locate hidden food rewards and anticipate the 

trajectory of hidden objects (Nawroth et al., 2015, 2014). They have been shown to be good problem-

solvers in visual discrimination and spatial detour tests (J. Langbein et al., 2008; Jan Langbein et al., 

2004; Nawroth, Baciadonna, et al., 2016; Raoult et al., 2021), but also in instrumental problem-solving 

tests that involved opening a box or container (Briefer, Haque, Baciadonna, & McElligott, 2014; 

Finkemeier et al., 2018; Nawroth, Brett, et al., 2016). In addition, domestic goats have been shown to 

interact with humans in complex ways (Nawroth, 2017). Thus, object-choice tests as well as detour 

and problem-solving tests have been shown to be suitable tests to assess cognitive capacities in goats.  

 

In the current study, we investigated whether long-term exposure to object-choice tests affects the 

performance of goats in subsequent conceptually different cognitive tests. To control for habituation 

to humans and to isolation in a test environment, we conditioned three treatment groups: goats with 

long-term exposure to human-presented object-choice tests (COG treatment), goats that were isolated 

as for the test exposure but received a reward from the experimenter without being administered the 

object-choice tests (POS treatment), and goats that were isolated but neither received a reward nor 

were administered the tests (ISO treatment). All treatment groups were subsequently tested in two 

conceptually different cognitive tests, namely a spatial A-not-B detour test (ABT) and an instrumental 

problem-solving test (PST). The ABT requires animals to learn to detour around a spatial barrier before 

(= A trials) and after (= B trials) the position of the barrier is altered (Britta Osthaus, Marlow, & Ducat, 

2010; Britta Osthaus et al., 2013). The PST in our study is an instrumental manipulation test that 

requires the animal to open a familiar food container covered with a lid novel to the animal. To increase 

the heterogeneity of our sample and thus the external validity of our findings, we tested each of two 

different selection lines of goats (dairy goats and dwarf goats) at the same two research sites (Voelkl 

et al., 2018; Würbel, 2017). 

 

We hypothesised that previous cognitive test exposure improves performance in an ABT and a PST, 

which measure behavioural flexibility and problem-solving abilities, respectively. We thus expected 

the COG group to perform better than the POS group in the tests. We furthermore hypothesised that 

positive human–animal interaction improves performance in these tests. Correspondingly, we 

expected the POS group to outperform the ISO group. 
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Material and Methods 

Location, animals and housing conditions 

To increase external validity (Voelkl et al., 2020, 2018; Würbel, 2017), the study was carried out at two 

locations, at the Centre for Proper Housing of Ruminants and Pigs at Agroscope in Ettenhausen (ET), 

Switzerland, and at the Leibniz Institute for Farm Animal Biology in Dummerstorf (DU), Germany, and 

with two selection lines of goats, namely Nigerian dwarf goats (61 non-lactating female goats) and 

dairy goats (59 non-lactating female goats). The Nigerian Dwarf goat is commonly kept as pet and zoo 

animal in Europe and not selected for productivity traits. We used dwarf goats bred at the research 

institute in DU. The only selection aim in this population was to avoid inbreeding. The potential milk 

yield of dwarf goats does likely not exceed 0.3 kg per day (Akinsoyinu et al., 1977). As it was common 

practice in DU, dwarf goat kids stayed with their dams for six weeks before they were weaned. 

Additionally, we used three of the most common high-producing dairy breeds in Switzerland and 

Germany, and their crossbreeds, namely Saanen (n = 15), Chamois Coloured (n = 12), Saanen × Chamois 

(n = 3) and Deutsche Edelziege (n = 29). These animals had a potential milk yield of up to 3 kg per day 

(Vacca et al., 2018). In accordance with common practice in the dairy goat industry, the dairy goat kids 

had been separated from their dam shortly after birth and were artificially raised.  

 

At the Agroscope research station in ET, we housed 30 dwarf goats and 30 dairy goats (15 Saanen, 12 

Chamois Coloured, 3 Saanen × Chamois crossbreeds). The dwarf goats were born between January and 

February 2017 in DU, Germany, and moved to ET in June 2017. The dairy goats were born between 

February and April 2017 on different Swiss farms and were moved to ET in June/July 2017. At the 

location in DU, we housed 31 dwarf goats (Nigerian Dwarf) and 29 dairy goats (Deutsche Edelziege). 

The dwarf goats were born between January and March 2018 in DU, except for eight animals. These 

were bought from the Zoo Osnabrück and the Wildpark Lüneburger Heide, Germany, due to a shortage 

of female animals in the facility’s own breeding stock. All dairy goats were born on the same German 

farm in March 2018 (Gleistal-Mutterkuhhaltungs GmbH, Golmsdorf) and were moved to DU in July 

2018.  

 

All goats were moved to pens of 9–11 goats at the age of 7–8 months: three pens of dairy goats and 

three pens of dwarf goats at each location. The total area of each dwarf goat pen was 14 m2 

(approximately 3.6 m × 3.9 m), consisting of a deep-bedded straw area of 11 m2 (approximately 2.8 m 

× 3.9 m) and a 0.5-m-elevated feeding place (1.4 m2). The total area of each dairy goat pen was 17.7 

m2 (approximately 3.9 m × 4.55 m) consisting of a deep-bedded straw area of 13.4 m2 (approximately 
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4.55 m × 2.95 m) and a 0.65-m-elevated feeding place (1.82 m2). Hay was provided behind a feeding 

fence at the feeding place twice a day at around 8 a.m. and 4 p.m. in ET and at around 7 a.m. and 1 

p.m. in DU. Each pen had one watering place and a mineral supply. Additional structures in the straw-

bedded area included a wooden bench (for dairy: 2.4 m long, 0.6 m high, 0.62 m wide; for dwarf: 2.3 

m long, 0.5 m high, 0.5 m wide) along the wall of the pen and a round wooden table (0.8 m high, 1.1 

m in diameter) in the centre of the pen. 

 

All animal care and experimental procedures were performed in accordance with all relevant Swiss 

legislative and regulatory requirements as well as the German welfare requirements for farm animals 

and the ASAB/ABS Guidelines for the Use of Animals in Research (ASAB & ABS, 2018). All procedures 

involving animal handling and treatment were approved by the Cantonal Veterinary Office, Thurgau, 

Switzerland (Approval No. TG04/17 – 29343) and the Committee for Animal Use and Care of the 

Ministry of Agriculture, Environment and Consumer Protection of the federal state of Mecklenburg-

Vorpommern, Germany (Approval No. 7221.3-1.1-062/17). 

 

Treatment groups and procedures 

Three goats from each of the 12 pens (à 9–11 goats) were pseudo-randomly assigned to one of the 

three treatment groups: COG (n = 36), POS (n = 36) and ISO (n = 36). Except one pen, all pens housed 

1–2 extra goats not assigned to a treatment group to replace others in case of e.g. disease or injury. In 

44 test sessions, distributed over a period of 4–5 months, the COG group was exposed to cognitive 

tests in the form of discrimination and reversal learning tests and a cognitive test battery (see Appendix 

II: Table S1 for more details). During these tests, COG goats received food rewards from the 

experimenter for correct responses. The POS group was not exposed to cognitive tests but received a 

similar number of rewards as the individuals in the COG group (= median number of rewards received 

by COG group in the previous test session), provided by the experimenter in the test arena at pseudo-

random times and over a similar period of being isolated as the COG group (= median time taken by 

COG group to finish all trials in the previous test session). Contrasting COG versus POS allows 

investigating the effect of the cognitive testing itself, disentangled from the effects of the positive 

association with the human and the isolation from the group during testing. Individuals allocated to 

the ISO treatment neither participated in cognitive tests nor did they receive rewards by the 

experimenters in the test arena. Instead, they were isolated over a similar period as the COG and the 

POS group in the same arena (= median time taken by COG group to finish all trials in the previous test 

session). Contrasting POS versus ISO allows investigating the effect of the positive association with the 

human, disentangled from the effect of isolation from the group during testing. To control for caloric 

intake, ISO animals received a similar amount of food as the COG and POS goats, but to avoid positive 
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association with the human, the food was provided scattered over the floor of the waiting room where 

goats were kept before they were individually isolated in the test arena.  

 

All goats in ET were between 15 and 18 months old when tested in the ABT (mean ± SD: dairy goats: 

494 ± 3 d, dwarf goats: 537 ± 1 d) and in the PST (mean ± SD: dairy goats: 491 ± 3 d, dwarf goats: 533 

± 1 d). In DU, the goats were between 19 and 20 months old in the ABT (mean ± SD: dairy goats: 586 ± 

0 d, dwarf goats: 616 ± 3 d) and in the PST (mean ± SD: dairy goats: 579 ± 0 d, dwarf goats: 608 ± 3 d). 

 

A-not-B detour test 

The ABT according to Osthaus et al. (Britta Osthaus et al., 2010) is a test that requires animals to learn 

to detour around a spatial barrier before (= A trials) and after (= B trials) the placement of the barrier 

is altered. Thus, the animal is required to suppress the once successful response (in A trials) and adapt 

to the new spatial setup (B trials). Due to the nature of the ABT, the animals are expected to show a 

spatial perseveration error in the B trials following a variable number of A trials with the degree of 

error depending on their level of impulse control. It is assumed that animals that more strongly 

suppress their previously learned response make fewer errors. 

Test setup and procedure 

The experiment was conducted in a large rectangular arena, which was divided by a movable fence 

into two same-sized compartments while leaving a gap on one or the other side of the arena (Fig. 10). 

The size of the arena differed slightly in ET and DU, but the angle between test subject and gap location 

was kept the same (approximately 15.2°) by adjusting the fence length accordingly (see Fig. 10). In ET, 

a mobile pen, familiar to the goats, was used to take the tested individuals in groups of 4–10 to the 

test arena. The mobile pen served as a holding area next to the test pen while individual goats were 

being tested. In DU, the test arena was much closer to the home pens of the goats, hence the goats 

were led individually to the test arena. In the arena, the goat was taken to the opposite side of the 

arena and restrained by Experimenter 1 (E1; Fig. 10 and Appendix III: Fig. S1). A second experimenter 

(E2) stayed at the side of the entrance, shaking a container, familiar to the goat, with dry pasta to 

motivate the goat to walk through the gap towards the food. The trial started when E1 released the 

goat. Each goat received eight trials: during the so-called ‘acquisition phase’, the goat received four 

trials with the gap on one side of the arena (= Trials A1–A4). Subsequently, the fence was moved, and 

the goat received four trials with the gap on the other side of the arena (= Trials B1–B4). If the tested 

goat moved through the gap, it was allowed to feed for approximately five seconds from the container 

before it was led back to the starting point through the same gap. Between the A and B trials, E2 

switched the position of the gap, while E1 was holding the tested goat and covered its eyes. For half 
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of the goats, the gap was first on the left side and for the other half it was first on the right side of the 

arena.  

 

 

 

Figure 10: Schematic drawing of the test arena used for the A-not-B detour test in Ettenhausen (ET) and Dummerstorf (DU). 

Positions of the two experimenters are indicated with E1 and E2. The blue dotted line indicates the imaginary line that was 

used to determine whether a goat stepped towards the correct or the incorrect direction (= Accuracy). 

Behavioural measures 

Two parameters of performance were determined: 1.) Accuracy, a binary response being either correct 

(1) or incorrect (0) depending on whether the first step over an imaginary line (Fig. 10) was or was not 

directed towards the side of the arena where the gap was located and 2.) Latency, defined as the time 

(in seconds) from the first step until passing the gap in the fence with the shoulders. If a goat did not 

pass the gap in less than 60 seconds after it had been released, the trial was coded as not available 

and the animal was taken back to the starting point and the next trial began. 

 

Problem-solving test 

The setup and procedure of the PST are less standardised than the ABT and vary considerably between 

different studies. Experimental PST setups differ for example in the type of device used, such as 

containers, puzzle boxes, and tubes, as well as in the required opening techniques, including pulling a 

stick, sliding a lid, moving a lever, and rotating a lid (Benson-Amram & Holekamp, 2012; Cole & Quinn, 

2012; Sol, Griffin, & Bartomeus, 2012; Thornton & Samson, 2012). The PST test in our study is an 
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instrumental manipulation test that requires the animal to open a familiar food container covered with 

a lid novel to the animal. 

Habituation phase 

A round plastic container (11.5 cm tall, 34 cm in diameter) with a light wooden lid (38 cm in diameter, 

0.33 kg) was used as manipulandum for the PST. The goats were already familiar with this container 

and the notion that it contains food from their general handling routines. During the habituation phase, 

the container was open with the lid leaned against the container. The goats were allowed to investigate 

the container and the lid, first in pairs, whereby the container was baited 10 times with one piece of 

pasta per goat. Once they fed out of the container repeatedly, they were allowed to investigate it 

individually until they had reliably eaten the reward out of the container in five consecutive trials. 

Test setup and procedure 

For the test phase, the container was covered with the wooden lid such that physical manipulation 

was necessary to open the container and access the food reward. Before the start of the test phase, 

each goat was individually led into the test arena (Fig. 11) and allowed to eat a piece of pasta from the 

open container. One experimenter (E1) then restrained the goat on one side of the test arena, while 

the other experimenter (E2) placed a piece of pasta into the container and covered it with the lid. 

Subsequently, the goat was released and allowed to approach the container. Each goat received five 

consecutive trials within a single day. A motivation trial with the lid open was administered between 

the test trials to maintain motivation. 
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Figure 11: Schematic drawing of the test arena used for the problem-soling test in Ettenhausen (ET) and Dummerstorf (DU). 

Positions of the two experimenters are indicated with E1 and E2. 

 

Behavioural measures 

As measures of motivation to engage with the test, we recorded 1.) if the goat touched the lid or not 

(with any body part, = Touched) and 2.) the latency to touch (= LatencyT) measured from release to 

first touch of the lid (with any body part). As measures of proficiency, we recorded 1.) if the goat 

opened the container or not (= Opened) and 2.) the latency to open (= LatencyO) defined as the time 

from first touch with any body part to opening the lid. If a goat did not approach the container within 

a 1-m radius within 30 seconds after it had been released, the trial was coded as not available and the 

animal was taken back to the start for the next trial. 

 

Data coding and statistical analysis 

All trials were videotaped with a camcorder (ET: Sony HDR-CX240E; DU: Panasonic HDC-SD60), and 

most parameters were additionally recorded live by the experimenters. For the analysis of the ABT, we 

used the live-recorded data. For the PST, we decided in retrospect to code additional variables from 

video and therefore used the more comprehensive video-coded data for analysis.   

 

To perform the reliability analysis for the ABT, an external person not familiar with the hypotheses 

coded 50% of the trials from videos. Inter-observer reliability was found to be very high (Accuracy: κ = 

0.966, z = 14.2, p < 0.001; Latency: r = 0.99, p < 0.001). For the PST, only the variables Opened and 

LatencyO were coded live, thus we used these two measures to analyse inter-observer reliability and 

compared them with the corresponding data coded by an external person from video. Again, inter-

observer reliability was found to be very high (Opened: κ = 0.903, z = 10.4, p < 0.001; LatencyO: r = 

0.98, p < 0.001). 

 

All statistical analyses were performed in R v4.0.3 (R Core Team, 2020). In the ABT and PST, seven 

dwarf goats and one dairy goat did not participate because they were too stressed during training for 

the preceding object-choice tests and thus could not receive their assigned treatment. In the ABT, we 

excluded nine animals because they jumped over or crawled under the fence, or due to latencies above 

60 seconds. In addition, goats that showed an incorrect response in A3 and A4 trials were excluded 

from the analysis (n = 19) because they likely had not learnt the correct response by the end of the A 

trials and were thus, per definition, not able to show the perseveration error in the subsequent B trials. 

In the PST, we excluded 29 individuals during the training trials before the actual PST test because they 
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did not meet the training criteria (= reliably eating the reward out of the open container within five 

trials) and four more animals that had missing trials due to human errors or technical failure. In sum, 

statistical analysis was performed on data of 28 COG, 22 POS and 27 ISO goats in the ABT and 23 COG, 

24 POS and 20 ISO goats in the PST.  

 

To test for the perseveration error in the ABT, we applied one-sided paired McNemar tests (exact2x2 

function from the R package exact2x2 (M. P. Fay, 2010)) and one-sided paired Wilcoxon signed-rank 

tests (base R function wilcox.test). McNemar tests were used to test whether B1 trials were less 

frequently correct than the corresponding A4 trials (binary variable Accuracy). Similarly, Wilcoxon 

signed-rank tests were used to test whether B1 trials were characterised by longer Latency as 

compared with the A4 trials.  

 

To analyse the effects of the treatments (COG, POS, ISO) on the dependent variables in the ABT and 

the PST, we employed linear mixed-effects models from the R package lme4 (Bates, Mächler, et al., 

2015). For binary responses, i.e. Accuracy in the ABT and Touched and Opened in the PST, the models 

were estimated as generalised linear mixed model (GLMM) with logit link by using the glmer function. 

For the continuous responses, i.e. Latency to cross the fence in the ABT and LatencyT and LatencyO in 

the PST, the models were estimated as ordinary linear mixed model by using the lmer function. We 

visually inspected residuals of all models by using the package DHARMa (Hartig, 2020). To achieve 

better normal distribution of residuals, we log2-transformed the latencies before model fitting.  

 

For the ABT model, formulas in lme4 syntax were as follows:  

 

response ~ 0 + Type:Treatment + Type:Treatment:I(Trial-1) + (1|SelectionLine) +  

(1|Site/Pen/Individual) 

 

We included an intercept for each type of trial (= A and B trials) and treatment interaction individually 

(0 + Type:Treatment) and a slope for trial number for each type–treatment interaction 

(Type:Treatment:I[Trial-1]). The trial number was included as Trial-1 to render the intercept to 

correspond to Trial 1 instead of the non-meaningful Trial 0. Besides these fixed effects, a random 

intercept for selection line (1|SelectionLine) and for individual nested within the pen and within site 

(1|Site/Pen/Individual) was included to account for repeated testing and a potential effect of the 

affiliation to pen (A–F, U–Z) and site (ET, DU).  

 

For the PST, the model formulas in lme4 syntax were as follows:  
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response ~ 0 + Treatment + Treatment:I(Trial-1) + (1|SelectionLine) + (1|Site/Pen/Individual) 

 

Here, we included an intercept for each treatment (0 + Treatment) and a slope for trial for each 

treatment (Treatment:I[Trial-1]). Besides these fixed effects, a random intercept for individual nested 

within the pen and within site (1|Site/Pen/Individual) was included to account for repeated testing 

and potential effects of pen and site affiliation. Only dairy goats opened the container and could 

therefore be analysed with respect to the corresponding behavioural responses. In contrast to all other 

models, the models for Opened and LatencyO have thus no random intercept for selection line. To 

investigate differences in all behavioural responses between the treatments, we tested treatment 

contrasts for the fixed effects with the glht function from R package multcomp (Hothorn et al., 2008). 

The p-values for fixed-effect estimates and for the contrasts were obtained by using Wald z-tests 

(summary.ghlt function, multcomp package).  

Results 

A-not-B detour test (ABT) 

In the ABT, we recorded Accuracy (Fig. 12) and Latency to cross the fence (Fig. 13). For both behavioural 

measures, the individual variability in B trials was large and no consistent patterns were apparent for 

treatment groups, selection lines, or for sites. A spatial perseveration error was indicated for all 

treatment groups: For B1 trials as compared with A4 trials, the McNemar test suggested a lower 

proportion of correct responses (COG: p < 0.001, POS: p = 0.002, ISO: p < 0.001) and the Wilcoxon 

signed-rank test a higher latency (COG: p = 0.006, POS: p < 0.001, ISO: p = 0.009). 

 

According to the GLMM results, treatments did not differ in their Accuracy, neither in A (POS-COG: p 

= 0.83, ISO-COG: p = 0.87, ISO-POS: p = 0.96; Appendix III: Table S2) nor in B trials (POS-COG: p = 0.13, 

ISO-COG: p = 0.19, ISO-POS: p = 0.81; Appendix III: Table S2). Consistent across the three treatment 

groups, the probability for the goats to choose the correct side increased with increasing number of B 

trials, but with high statistical certainty only for the COG treatment, which showed the steepest 

increase in log odds over B trials (Treatment:I[Trial-1]: COG: est. = 0.73, p < 0.001, POS: est. = 0.41, p = 

0.07, ISO: est. = 0.38, p = 0.07; Appendix III: Table S2). The estimated variance components for the 

random effects (Appendix III: Table S3) indicated large deviances among Individuals (SD = 0.76), among 

Selection lines (SD = 0.35) and among Sites (SD = 0.20). These deviances were within the range of the 
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absolute values of the (statistically not supported) treatment contrasts (|est.| ≤ 0.87; Appendix III: 

Table S2).  

 

 

Figure 12: Accuracy shown as the number of correct trials for dwarf (top panels) and dairy goats (bottom panels) of the COG, 

POS, and ISO treatment groups during A trials and B trials in Ettenhausen (four left panels) and Dummerstorf (four right 

panels). The size of circles indicates the number of animals. As in the statistical analysis, goats that showed an incorrect 

response in A3 and A4 trials are excluded from this figure.  

The linear mixed model for Latency to cross the fence did also not statistically detect treatment 

differences in A (POS-COG: p = 0.80, ISO-COG: p = 0.84, ISO-POS: p = 0.96; Appendix III: Table S4) or B 

trials (POS-COG: p = 0.19, ISO-COG: p = 0.67, ISO-POS: p = 0.37; Appendix III: Table S4). The estimation 

of the variance components indicated deviances among Individuals (SD = 0.59) and among Residuals 

(SD = 1.07; Appendix III: Table S5) that were larger than the absolute values of the (statistically not 

supported) treatment contrasts (|est.| ≤ 0.4; Appendix III: Table S4).  



Chapter IV 

 80 

 

 

Figure 13: Latency to cross the fence for dwarf (top panels) and dairy goats (bottom panels) of the COG, POS and ISO 

treatment groups in Ettenhausen (four left panels) and Dummerstorf (four right panels). Distribution of individual latencies 

(jittered points) are summarised as boxplots. As in the statistical analysis, goats that showed an incorrect response in A3 and 

A4 trials are excluded from this figure.  

Problem-solving test (PST)  

In the PST, we recorded the occurrence of interactions with the lid as variables Touched and Opened 

(Fig. 14) and the corresponding latencies as LatencyT and LatencyO (Fig. 15). In all these behavioural 

measures, no consistent patterns with respect to the treatment groups were apparent, but the goats 

differed largely between selection lines and sites. The average number of touches of the treatment 

groups ranged from 0 to 2.5 for dwarf goats and from 3.0 to 4.4 for dairy goats depending on selection 

lines and site (Fig. 14a). In DU, dwarf goats from the ISO group never touched the container. For both 

selection lines, the average number of touches for each treatment group was consistently higher in ET 

than in DU. At both sites, none of the dwarf goats opened the container (data not shown in figures). 

The average number of trials for each treatment group in which a dairy goat opened the container was 

always smaller than 0.9 in DU, whereas it ranged from 3.2 to 3.9 in ET. 
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Figure 14: Number of trials in which dwarf (top panels) and dairy goats (bottom panels) of the COG, POS and ISO treatment 

groups a) touched and b) opened the container in Ettenhausen (left) and Dummerstorf (right). The cross indicates the mean, 

and the size of circles indicates the number of animals that chose the correct side. If not indicated otherwise, observations (n 

= 45) and animals (n = 9) were complete. 

 

Consistent for all treatment groups, in ET the average LatencyT was around five seconds in dairy goats 

and 10 seconds or more in dwarf goats (Fig. 15a). Because dwarf goats in DU almost never touched the 

lid, corresponding latencies could be measured on only a few occasions. Only the average LatencyT for 

the POS dairy goats in DU was similar to the LatencyT of the corresponding treatment group in dairy 

goats in ET (Fig. 15a). In ET, shortly after the dairy goats touched the lid, most of them also opened it 

(LatencyO, Fig. 15b). In DU, the few dairy goats that opened the lid had on average a similar LatencyO 

as the dairy goats in ET.  
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Figure 15: a) LatencyT to touch the container in dwarf (top panels) and dairy goats (bottom panels) and b) LatencyO to open 

the container in dairy goats in Ettenhausen (left) and Dummerstorf (right) from the COG, POS and ISO treatment groups. 

Distribution of individual latencies (jittered points) are summarised as boxplots.  

 

In the GLMM for Touched, no effect of treatment on the probability of the animals to touch the 

container was detected (POS-COG: p = 0.37, ISO-COG: p = 0.23, ISO-POS: p = 0.71; Appendix III: Table 

S6). The probability for Touched decreased over trials in all groups, but with varying statistical certainty 

(Treatment:I[Trial-1]: COG: est. = −0.28, p = 0.12, POS: est. = −0.70, p < 0.001, ISO: est. = −0.63, p = 

0.003; Appendix III: Table S6). Estimated variance components indicated deviances among Selection 

lines (SD = 1.51), among Sites (SD = 0.92) and among Individuals (SD = 1.10; Appendix III: Table S7) that 

were similar to or larger than the absolute values of the (statistically not supported) treatment 

contrasts (|est.| ≤ 0.98; Appendix III: Table S6). Similarly, in the GLMM for Opened, no effect of 

treatment on the probability of the goats to open the container was detected (POS-COG: p = 0.65, ISO-

COG: p = 0.58, ISO-POS: p = 0.33; Appendix III: Table S8). The estimated variance components indicated 
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deviances among Individuals (SD = 3.97) and among Sites (SD = 4.28; Appendix III: Table S9) that were 

larger than the absolute values of the (statistically not supported) treatment contrast (|est.| ≤ 2.35; 

Appendix III: Table S8).  

 

The linear mixed model did not statistically detect differences in LatencyT between the COG, POS and 

ISO treatments (POS-COG: p = 0.18, ISO-COG: p = 0.93, ISO-POS: p = 0.21; Appendix III: Table S10). The 

model estimated small increases in LatencyT of 7–15% (0.1–0.2 log2 units) with every additional trial 

for all treatments (Treatment:I[Trial-1]: COG: est. = 0.12, p = 0.05, POS: est. = 0.21, p = 0.001, ISO: est. 

= 0.16, p = 0.01; Appendix III: Table S10). The estimation of variance components suggested deviances 

among Selection lines (SD = 0.74), among Individuals (SD = 0.48) and among Residuals (SD = 0.75; 

Appendix III: Table S11) that were larger than the absolute values of the (statistically not supported) 

treatment contrasts (|est.| ≤ 0.34; Appendix III: Table S10).  For LatencyO in dairy goats, the linear 

mixed model suggested longer latency to open the lid in the POS versus the ISO treatment (POS-COG: 

p = 0.32, ISO-COG: p = 0.22, ISO-POS: p = 0.03; Appendix III: Table S12). With increasing trial number, 

LatencyO was estimated to decrease by 15–41% (0.2–0.5 log2 units) in all treatments 

(Treatment:I[Trial-1]: COG: est. = −0.35, p < 0.001, POS: est. = −0.51, p < 0.001, ISO: est. = −0.24, p = 

0.02; Appendix III: Table S12). Estimated variance components indicated deviances among Sites (SD = 

0.55) and among Residuals (SD = 0.84; Table S13) of similar magnitude as the absolute values of the 

estimates for the treatment contrasts (|est.| = 0.84; Appendix III: Table S12).  

Discussion 

We investigated whether participation in cognitive tests (here: visual discrimination and reversal 

learning as well as a cognitive test battery consisting of object-choice tests) over a period of 4–5 

months affects the performance of goats in subsequent conceptually different cognitive tests, namely 

a spatial ABT and an instrumental PST. By comparing three treatment groups (COG, POS, ISO), we 

aimed to disentangle possible effects of the preceding cognitive test exposure (COG-POS) from effects 

of positive human–animal interactions (POS-ISO). We found only subtle differences between our 

treatment groups in terms of their behavioural flexibility in the ABT or their performance in the PST. 

Our results are thus in line with previous research suggesting that cognitive test exposure does not 

substantially alter performance in subsequent conceptually different tests (Müller, Riemer, Virányi, 

Huber, & Range, 2016; e.g. Tia et al., 2018; van Horik & Madden, 2016). In contrast to the treatments, 

individuals, selection lines, and sites accounted for large amounts of the variation in our data (see 

Appendix III: Tables S3, S5, S7, S9, S11, S13). 
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We hypothesised that cognitive training via object-choice tests does improve the performance in a 

subsequent spatial detour test (the ABT) and therefore expected the COG treatment group to be more 

behaviourally flexible in the ABT than the other treatment groups, i.e. to detour the fence more often 

correctly and faster. However, we did not find support for this hypothesis. All treatment groups were 

similarly affected by the switch of the gap and had longer latencies and fewer correct responses in B1 

than in A4 trials, indicating a spatial perseveration error. The improvement of correct responses over 

trials was only statistically certain for COG goats. This finding may indicate that cognitive stimulation 

(COG treatment) affected the goats’ ability to better inhibit their initially learned response in the B 

trials over time. The lack of a treatment effect between POS and ISO suggests that the additional 

positive human–animal interaction in the COG and POS groups had not substantially affected the goats’ 

behaviour in the spatial ABT. As discussed in Langbein et al. (Jan Langbein, Krause, & Nawroth, 2018), 

maybe the daily standard handling during husbandry procedures had already altered the behaviour of 

the goats of all treatment groups, interfering with the effect of the additional human contact during 

the application of the treatments.  

 

In the PST, we hypothesised that the COG treatment enhances goats’ problem-solving ability and thus 

that these goats would touch and open a covered container more often and faster than POS goats. Our 

findings did not support this hypothesis because no effect of COG on any of the variables in the PST 

was found. This result is in contrast to studies on dogs which showed that high levels of training 

generally improved the dogs’ problem-solving abilities and their probability to interact with novel 

objects (Marshall-Pescini et al., 2016, 2008; B. Osthaus et al., 2003). However, trained dogs often 

experience different management conditions than non-trained dogs, and they may show improved 

performance due to other reasons than cognitive test experience per se. In addition, we expected that 

POS goats also perform better than goats from the ISO treatment. However, POS dairy goats showed 

an even longer latency to open the lid than ISO dairy goats. In our study, the probability to touch the 

container over trials decreased, suggesting that the goats may have lost interest in the container with 

increasing trial number. Again, this development occurred similarly in all treatment groups. The 

motivation to explore and learn is a strong predictor of problem-solving success (Wat, Banks, & 

McArthur, 2020), but it may decrease with increasing exposure to the novel item (Gifford, Cloutier, & 

Newberry, 2007; Trickett, Guy, & Edwards, 2009), given the problem is not kept challenging enough by 

regular modification (Meehan & Mench, 2007). In sum, these results suggest that cognitive test 

exposure (COG) did not substantially affect the outcomes of the ABT and the PST, even though 

exposure to the cognitive testing was longer than in other studies (Tia et al., 2018; e.g. van Horik & 

Madden, 2016).  
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To increase the heterogeneity of our sample and thus the external validity of our findings, we tested 

two selection lines of goats (dairy goats and dwarf goats) at two research sites (Voelkl et al., 2020, 

2018; Würbel, 2017). In the current study, we found a high variance of Site and Selection line which 

highlights the importance of effects of location as well as phenotypic variation on cognitive test results. 

We found site differences within dwarf goats although subjects from both sites originated from mainly 

the same population, indicating that other factors than genetics should be considered. Because we 

used almost the same experimental setup and the same human experimenters at both sites, this 

variation might for example be caused by different previous experiences with animal care staff at the 

two research sites (Boivin, Garel, Mante, & Le Neindre, 1998; Hausberger, Roche, Henry, & Visser, 

2008), size of the farms where the goats were bred (Mattiello et al., 2010), rearing history, i.e. human- 

or dam-reared (Lyons, 1989), or isolation and handling at a young age (Boivin & Braastad, 1996).   

 

Possible explanations for the phenotypic variations may be genetic and/or environmental factors. Van 

Horik and Madden (van Horik & Madden, 2016) found that inherent motivational traits, such as the 

motivation to approach an apparatus or the persistency to solve a test, best predict the success in a 

PST. These traits have often been linked to personality traits. Dogs described as active, playful and bold 

were found to be more likely to learn complex behaviours and perform well in situations requiring 

persistence (Svartberg, 2002). Similarly, bold and exploratory animals were found to be particularly 

likely to be innovative (Boogert, Reader, & Laland, 2006; Overington, Cauchard, Côté, & Lefebvre, 

2011; Webster & Lefebvre, 2001) and to overcome novel challenges faster compared with less bold 

animals (Reader & Laland, 2003). Learning speed in reversal tests was also found to be correlated with 

individual variation in exploration, but this relationship differed between tests and age (Zidar et al., 

2018). Interestingly, personality seems to affect learning performances especially if individuals are in 

a state of stress (Valenchon et al., 2013). Thus, the differences we found in the PST in dwarf goats 

compared with dairy goats may also be explained by other factors such as different levels of stress, 

which were found to be linked to the motivation to explore (Matzel et al., 2006).  

 

Additionally, fear towards the experimenter may have affected performance in the PST (Brajon et al., 

2016) by reducing the motivation of stressed individuals to approach the container positioned next to 

the experimenter. Although both selection lines were handled in a similar manner, dairy goats might 

have been more inclined to approach humans during training and test sessions compared with dwarf 

goats. Research in chicken and sheep suggests that selection for high productivity has reduced stress 

reactivity towards humans (C. Lindqvist & Jensen, 2008; Schütz & Jensen, 2001). If we apply this 

assumption to our study, it seems that the selection for high productivity in dairy goats may have 

decreased fear towards humans and as a result also increased the goats’ inclination to approach and 
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manipulate the container positioned next to the experimenter. As it is common for the dairy industry, 

the dairy goats used in this study had been separated from their dam right after birth. In contrast, 

dwarf goats had been allowed to stay with their mothers for six weeks. Early separation from the dam 

and rearing by humans has been shown to increase tameness scores in goats (Lyons et al., 1988).  

 

When comparing the variances in performances of the two tests applied in this study, we found that 

the ABT showed less variation in factors such as Site and Selection line compared with the PST (see 

Appendix III: Tables S3, S5, S7, S9, S11, S13). In contrast to the PST, in the ABT both, dwarf and dairy 

goats, were able to solve the problem (i.e., to detour the fence). This finding may indicate that the 

standardised ABT setup is better suited for ungulate species (Nawroth, Baciadonna, et al., 2016; Britta 

Osthaus et al., 2013) than the PST setup that was used in our study. Nevertheless, both tests seem to 

assess biologically relevant skills for goats as a species. Goats show highly selective feeding behaviour 

adapted to seasonal changes in plant abundance (Aldezabal & Garin, 2000). Hence, they need to have 

the ability to manipulate specific plants and to overcome spatial barriers to access feed sources that 

are out of reach. Indeed, domestic goats were shown to possess good spatial learning abilities in a 

maze learning paradigm (J Langbein, 2012) and were found to be capable of opening containers in 

other studies (Briefer et al., 2014; Jan Langbein et al., 2018; Nawroth, Brett, et al., 2016). The 

manipulation test in this study might have induced different levels of neophobia between selection 

lines and thus likely would have required higher levels of habituation to the setup. Even though the 

suitability of different test paradigms cannot be conclusively answered with our study, our findings 

suggest that caution must be taken when comparing different selection lines or phenotypes of a 

species if general claims about their cognitive capacities are to be made.  

Conclusion 

Our results suggest that cognitive testing per se and exposure to a testing environment via human-

presented object-choice tests and isolation do not appear to notably affect the performance in 

subsequent conceptually different cognitive tests in goats. Furthermore, we found that variability 

induced by differences in phenotype and research site can be considerably greater than the effect of 

treatments when investigating the performance in spatial detour tests and instrumental problem-

solving test. We therefore suggest that further cognitive research should conduct multi-lab studies to 

control for factors associated with testing on single sites or specific phenotypes of a species. 
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General Discussion 

Captive animals live in restrictive environments with little opportunities to perform species-specific 

behaviour (Averós et al., 2010; Morgan & Tromborg, 2007). However, animals are highly motivated to 

engage in certain activities such as exploration, the acquisition of resources or problem solving, and 

their welfare may be impaired if they lack opportunities to do so (Hughes & Duncan, 1988; Hughes, 

1997; Poole, 1992; Spinka & Wemelsfelder, 2017). The provision of opportunities to solve problems 

and control some aspects of the environment allows animals to engage evolved cognitive skills and can 

improve their welfare (Clark, 2017). In Chapter II, we assessed if goats have a need for cognitive 

stimulation and thus are willing to execute a cognitive task to receive a reward when the same reward 

is simultaneously available for free. By giving goats the choice between free food and opening a little 

sliding door to receive food, we showed that goats will invest effort in order to receive a valuable 

resource. In contrast to previous research, suggesting that the selection for high productivity has 

decreased the motivation to work for food (Lindqvist & Jensen, 2009; Schütz & Jensen, 2001), we found 

that dwarf and dairy goats are equally interested to work for a reward. In Chapter III and IV, we 

assessed the effect of long-term exposure to cognitive tests/experiments on measures of stress 

reactivity and behavioural flexibility in goats. We found that the participation in cognitive tests had 

only very subtle effects on measures of stress and behavioural flexibility. In this general discussion, I 

will critically examine our current results and previous findings on animals’ motivation for cognitive 

stimulation. Then, I will discuss potential factors that might constitute the positive effects of cognitive 

enrichment in general and the lack of effects in our study as well as their implications for goat welfare. 

Due to the high variation between research sites and selection lines in our findings, I further highlight 

why we should account for variation in cognitive tests. Finally, I will give a brief outlook on future 

perspectives of the field of animal cognition and welfare. 

Do animals want to be cognitively stimulated? 

Seventy years ago, Harlow et al. (1950) found that captive rhesus macaques (Macaca mulatta) would 

explore mechanical “puzzles” for several hours a day and learn to open them without any food reward. 

The author concluded that the animals seem to have a drive to manipulate “which may be as primary 

and as important as the homeostatic drives."(Harlow et al., 1950). Since then, evidence has been 

accumulating that not only primates, but also other species are willing to voluntarily invest time and 

effort to solve challenging tasks or access a resource, even if they have the choice to get the same 

resource for free, a phenomenon called contrafreeloading (CFL, reviewed by Inglis et al., 1997). In 

Chapter II, we showed that goats would voluntarily perform in a cognitive task and choose to open a 
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closed door rather than feeding from an open door (Rosenberger et al., 2020). Although many possible 

explanations for the occurrence of CFL exist, it seems likely that CFL is partly driven by an intrinsic need 

to gather information and to manipulate the environment. Both behaviours are a key for survival in 

the wild and thus might be an adaptive behaviour in animals in captivity. It may be an exaggeration to 

say that animals “want” to be cognitively enriched, but the stimulation of cognitive processes involved 

in information seeking, exploring and manipulating the environment possibly represent a behavioural 

need of animals. 

White’s Competence Theory (White, 1959) postulates the need of animals to control and modify their 

surroundings.  The CFL task we provided offered a possibility to gain control for the goats. As many 

goats opted to open the closed door several times, it is likely that the animals found the manipulation 

of the door rewarding. In previous studies, it has been also suggested that learning has reinforcing 

properties especially when making improvements in learning (Hagen & Broom, 2004). As goats were 

taught how to open the door before the CFL experiment started, we can exclude that it was the positive 

reinforcement of learning that prompted the goats to open the door. In other words, learning was 

already finished before the test and thus the task might not have been a cognitive challenge any longer. 

The more likely explanation for why goats chose to open the closed door is that the execution of the 

task was stimulating the need to manipulate the environment. Manipulating the environment may 

give the animal a feeling of control, which is an important aspect of animal welfare (Meehan & Mench, 

2007).  

The motivation to participate in (cognitive) experiments is depending on many factors. Participation 

may be hampered if a task is too difficult causing frustration (Meehan & Mench, 2007), if it is not 

appropriate or ecologically relevant for a species, or if the test environment is too stressful. Thus, 

participation rates might be a good indicator whether the provided task and experimental setup is 

adequate for a species but also the individual. A low participation rate in previous CFL literature often 

caused the exclusion of many animals from the experiment (Meagher et al., 2020). This may result in 

low sample sizes and selection bias towards certain individuals of a species and thus may reduce the 

validity of test results. In our study on CFL, we had very high participation rates, which suggests that 

the task was suitable and the test environment adequate. In contrast, in the PST in Chapter IV, hardly 

any dwarf goats, and very few dairy goats choose to open the lid of a container. Hence, one might infer 

that goats showed low motivation for this cognitive task. However, it is also possible that the 

motivation to manipulate the container was hampered by high stress levels during the test (Matzel et 

al., 2006). In case that participation rates are low, the response to “not participate” should be 

incorporated in the statistical analysis anyhow as it is a valid response by the animal (e.g. by means of 

IRTrees as suggested in Chapter II).  
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Whether and how fast a cognitive learning device finds acceptance by an animal may be partly 

determined by genetics, e.g. selection line. It has been proposed that the motivation for energy-

demanding behaviours such as foraging or CFL was reduced in chicken selected for high productivity 

(Lindqvist & Jensen, 2008; Schütz & Jensen, 2001). In contrast, we found that dairy goats were faster 

than dwarf goats to choose the closed door and thus perform CFL in initial trials. Dwarf goats, which 

were not selected for productivity, took longer to reach similar levels in the extent of CFL like dairy 

goats. Another possible explanation for this initial reservation to manipulate the closed door in dwarf 

goats is that they were more fearful during the first trials than dairy goats. Animals selected for high 

productivity often show reduced stress reactivity in various stressful situations (Campler et al., 2009; 

Colpoys et al., 2014; Kilgour & Szantar-Coddington, 1995; Lindqvist & Jensen, 2008; Romeyer & 

Bouissou, 1992; Schütz & Jensen, 2001). Potentially higher stress levels of dwarf goats may have caused 

them to avoid the more difficult option in the beginning, until they settled and habituated to the testing 

procedure.  

We cannot conclusively answer if the motivation behind CFL is a need for cognitive stimulation, the 

need to gather information, or the experience of a feeling of control. Either way, goats appear to have 

a high motivation to manipulate their environment, which may have intrinsic reinforcing properties. 

Our results confirm the findings by Langbein et al. (2009) who proposed that goats search for cognitive 

challenges beyond the motivation to get the reward and support the existing evidence that solving a 

challenging task can have intrinsic value for an animal. The provision of such challenges may even fulfil 

a behavioural need by stimulating cognitive abilities evolved to enhance survival in the wild. Thus, the 

incorporation of opportunities to engage species-specific cognitive skills into captive housing 

conditions may be an integral part of good animal husbandry. 

What constitutes the positive effects of cognitive enrichment? 

Captive husbandry conditions often lack opportunities for the stimulation of cognitive processes and 

may thus cause boredom in animals (Meagher, 2019). The provision of cognitive enrichment aims to 

engage animals in learning tasks and by this, provide opportunities to take control over their 

surroundings. Previous literature stated that cognitive stimulation by means of learning devices has 

positive effects on several measures of animal welfare (Oesterwind et al., 2016; Puppe et al., 2007; 

Zebunke et al., 2013). In our case, cognitive stimulation was provided in the form of human-

administered cognitive tests. In contrast to previous studies, we could not find a substantial effect of 

cognitive stimulation in the studies in Chapter III and IV on welfare measured by stress reactivity, or 

on behavioural flexibility, respectively. Our results raise the questions: what caused the welfare-
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relevant behavioural changes described in previous studies applying cognitive enrichment? Moreover, 

what may be different in the way we provided cognitive stimulation? 

Currently, there are many different approaches to providing cognitive enrichment. For instance, 

various types of cognitive enrichment devices have been used in the past, from “puzzle feeders” to 

touch screen; these have been provided to individual animals as well as to a group and sometimes they 

involve human contact, but often they do not. This is making it very difficult to disentangle which 

aspect of the provided cognitive stimulation caused the positive effects on welfare in previous studies. 

For instance, Zebunke et al. (2013) used a call-feeding station based on auditory conditioning to 

cognitively enrich pigs. The pigs first had to learn to associate an acoustic signal with their name in 

order to get a reward and at a later stage they additionally had to press a button to receive the food. 

The authors found that the enriched pigs were less fearful and more explorative in a combined open 

field/novel object test and concluded that successful coping with the call-feeding station caused this 

result. However, as the enrichment device also reduced agonistic interactions in the home pen of pigs, 

changes in behaviour may have been caused indirectly by reduced aggression rather than cognitive 

stimulation per se. Therefore, it appears that welfare parameters might be indirectly affected by the 

exposure to this specific task.  In addition, time of exposure to cognitive stimulation may play a role. 

In the current thesis, COG animals in Chapter III and IV were exposed to 44 cognitive test days per 

animal spread over a period of 4-5 months. This exposure might have been too short or too irregularly 

to produce detectable differences between treatment groups. In contrast, Zebunke et al. (2013) 

enriched pigs daily, but only over 7 weeks and found positive effects on feeding behaviour and 

behaviour in stressful situations. Puppe et al. (2007) had used the same call-feeding station before and 

reported a reduction in open-field activity as well as a reduced excitement and fear behaviour in 

enriched compared to control pigs. They suggested that the call-feeding station may induces positive 

appraisal in pigs by the association of successful coping with a demanding behavioural task. Again, 

other behavioural patterns recorded within the housing environment, namely locomotor behaviour 

and belly nosing, were affected as well by the enrichment. The causational pathways of these effects, 

i.e. whether they are directly or indirectly associated with the cognitive stimulation, are not clear. In a 

study by Oesterwind et al. (2016), cognitive stimulation was provided in the form of a learning device 

where goats had to solve a visual four-choice discrimination task. The learning device was provided in 

a separate compartment of the enriched pens, which goats had to enter individually. The authors 

found that cognitively enriched goats were more curious and explorative towards a novel object in a 

novel object test than non-enriched goats. While goats interacted with the learning device they were 

inevitably separated from their conspecifics for a short period of time. This part-time separation may 

allowed enriched goats to habituate to isolation, in contrast to control animals, which have not been 

separated from their group in a similar manner. In addition, goats had visual and olfactory contact in 
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the compartment containing the learning device which may made the separation less stressful (Siebert 

et al., 2011). As a result, it is difficult to determine if enriched goats were more explorative due to the 

cognitive stimulation or due to habituation to isolation (or an interaction of both). It becomes apparent 

from these studies that not only cognitive stimulation itself, but also many confounding factors 

associated with cognitive enrichment, such as human contact or separation from the group, could 

indirectly cause changes in behaviour as well.  

One possible explanation for the lack of an effect on stress reactivity or behavioural flexibility in our 

tests is that our administered cognitive stimulation did not affect the behaviour of enriched goats 

substantially or that confounding effects associated with our study design hampered a detection of 

potential effects. In the standardised cognitive tests we used to enrich COG goats, a confounding factor 

that could have indirectly affected goat behaviour was the human-animal interaction and the 

separation of goats during testing. Using this approach, we did not find an effect of cognitive 

stimulation (COG) or human interaction (POS) on stress reactivity in an NA, NO, NH or weighing test. 

The previously mentioned studies applying cognitive stimulation successfully (Oesterwind et al., 2016; 

Puppe et al., 2007; Zebunke et al., 2013) incorporated the cognitive enrichment device in the home 

pen where the animals could actively decide to enter a test compartment and to participate or not. 

Thus, the animals could execute a certain amount of control. The acquisition of control has been 

suggested to be an important determinant of animal welfare (e.g. Broom, 1991) and a central part of 

cognitive enrichment (Clark, 2017). If opportunities to take control are lacking, cognitive enrichment 

may lose its purpose and thus will not produce positive effects.  Thus, a lack of control in the way 

cognitive stimulation was provided in Chapter III and IV might explain the absence of a treatment 

effect. Goats in the COG treatment were taken into the test room by an experimenter and therefore 

could not decide by themselves when to seek cognitive stimulation. In addition, they had no control 

over being isolated, which is a major stressor particularly for social animals. Nonetheless, goats could 

still actively decide not to participate in the tests once they were in the test room. Further, it is possible 

that certain aspects of the cognitive testing procedure such as unpredictable training events were 

experienced as negative (Doyle et al., 2011; Galhardo et al., 2011). Autonomous enrichment devices 

may be perceived as very predictable for the animal. They can be used under the animal’s terms 

regarding time of the day or frequency of use. COG as applied in Chapter III and IV was not always 

predictable for goats. Although tests started at the same time on test days, breaks in between test 

blocks made it impossible for the animals to predict when tests would start again. Also during testing 

itself, things were not always predictable for goats. For instance, the order of goats to be tested was 

randomised making it hard for the animal to anticipate its turn. These necessary steps and factors of 

cognitive testing might have been stressful for test subjects and reduced controllability and 

predictability for goats of all treatment groups. If cognitive testing had an effect at all, the high 
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unpredictability may caused a flooring effect (by e.g. decreasing welfare) that prevented us to detect 

differences.  

A second potential explanation for the lack of an effect of cognitive testing in Chapter III and IV on 

welfare measures is that the applied tests were not targeting ecologically relevant behavioural needs 

in order to be enriching. Different enrichment types are potentially stimulating/satisfying a variety of 

different behaviours such as foraging or exploration. In their study on pigs, Puppe et al. (2007) suggest 

that the call-feeding station may have satisfied a motivational need to forage for food in pigs. In the 

standardised tests we used to test COG goats, the goats had to discriminate between differently 

coloured pots, and interpret human-given physical and social cues to receive a food reward. In order 

to receive the reward, they had to indicate the location with their snouts through a metal fence, but 

they were not able to access the food without the help of the experimenter. This might not be an 

ecologically relevant task for goats as they usually browse for food in shrubs or graze and are not 

dependent on cooperation with conspecifics or even humans. Thus, the cognitive tests could not 

satisfy a behavioural need in this respect. This explanation is rather unlikely though, as the benefits of 

cognitive stimulation have been documented when providing animals with both, naturalistic 

challenges, such as species-specific foraging opportunities (de Jonge et al., 2008), as well as artificial 

problem-solving opportunities via the provision of computerised devices (Jan Langbein et al., 2004; 

Oesterwind et al., 2016). For instance, Langbein et al. (2004) and Oesterwind et al. (2016) used visual 

discrimination tasks presented on a touch screen as enrichment and found changes of vagal activity 

and behaviour indicative of a positive effect of such cognitive challenges. We also assessed visual 

discrimination learning in addition to physical and social cognition, but tasks were presented by a 

human experimenter. Hence, other factors than the type of enrichment applied likely played a more 

important role. 

A third potential explanation for the lack of an effect of COG could be the very high amount of 

environmental enrichment and stimulation of all treatment groups. The applied test design, as well as 

the goats’ living conditions and the frequent handling during tests might be seen as enrichment itself 

and thus may caused a ceiling effect in the welfare parameters we measured. An individual from a 

complex, enriched home environment may not find a task as rewarding as would an individual from a 

less stimulating or barren home environment. Various studies of farm animals have demonstrated that 

not only cognitive, but also structural enrichment can cause animals to be less fearful and more 

exploratory (Beattie et al., 2000; Hillmann et al., 2003; Oesterwind et al., 2016; Puppe et al., 2007). All 

treatment groups were kept in enriched home pens with climbing and hiding opportunities, and hay 

and straw being provisioned ad libitum. In addition, they were regularly taken out of their pens and 

exposed to new environmental settings, novel objects (i.e. activity loggers, ECG monitors), novel 

smells, and sounds, especially during test times. Taken together, all these factors may have raised the 
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environmental enrichment and stimulation to a level where additional cognitive stimulation could not 

affect goats substantially any more.  

Cognitive tests and consequences for welfare 

It has been suggested that engagement in cognitive processes and thus the satisfaction of cognitive 

needs may be an important aspect of welfare for a range of species (Duncan & Petherick, 1991; 

Meehan & Mench, 2007; Nawroth et al., 2019; Spinka & Wemelsfelder, 2017). Participation in 

standardised cognitive tests as applied in Chapter III and IV does not appear to affect goats’ response 

to different stressors or behavioural flexibility substantially. First, these results may suggest that 

cognitive tests commonly applied in animal (cognitive) research do not negatively affect goats’ 

responses to future stressful situations or challenging tasks. The lack of finding an effect of the COG 

treatment may suggest that e.g. the type of cognitive tests used were not appropriate to stimulate 

relevant cognitive processes in goats. Another possible reason might be that the cognitive tests 

provided to the goats did not stimulate biologically relevant behaviours and thus had no obvious 

benefits for goats. Whether it is the aspect of ‘thinking’ or ‘doing’ that is enriching and as a result 

improving welfare, has yet to be determined. In light of these findings, the introduction of cognitive 

enrichment does not seem to be enriching for animals per se. Many factors such as the type of test, its 

difficulty, its biological/ecological relevance and its design, i.e. testing in isolation, are determining 

whether the cognitive stimulation provided is enriching or not.  

Biological variation – a blessing and a curse?  

In research, high reproducibility of a study enables the comparability of results of independent 

replicate studies (Goodman et al. 2016). The common approach in laboratory animal research to 

achieve reproducibility is strict standardization of both the test subjects and also their environment 

(Laukens, Brinkman, Raes, De Vos, & Vandenabeele, 2015; Willmann et al., 2012). However, this 

approach neglects the unavoidable existence of biological variation, caused by genetic differences, but 

also ontogeny, age, early experience, and social status (Voelkl et al., 2020). In their paper, Voelkl et al. 

(2020) propose a deliberate heterogenization of environmental factors to increase reproducibility of 

experimental studies. 

For this thesis, we tested two selection lines of goats at two research sites. This approach allowed us 

to investigate how much variation was caused by selection line and by site. Genetic (i.e. selection for 

productivity) or environmental factors (i.e. housing conditions) may cause inter-individual variation. It 

has been suggested that it is necessary to appropriately incorporate differences between individuals 
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rather than deriving conclusions from group level to prevent ecological fallacy (Robinson, 1950). 

Understanding the causes and consequences of individual differences in cognitive tests will improve 

the interpretation of animals’ performances in these tests and allow accommodating better for their 

cognitive needs.  

 

Variation caused by genetics – differences between selection lines 

Genetic differences can lead to variability at the individual but also group level and may explain why 

some individuals are more likely to participate in and benefit from cognitive enrichment than others.  

Domestication and the selection for certain production traits in farm animals has also led to side-

effects such as changes in behaviour and physiology (reviewed by Rauw et al., 1998). The literature 

suggests that the selection for high feed efficiency simultaneously led to a reduced stress response 

described in terms of physiological stress indicators such as lower cortisol levels (e.g., Knott, Cummins, 

Dunshea, & Leury, 2008; Sadler, Johnson, Lonergan, Nettleton, & Dekkers, 2011) and also in terms of 

behavioural stress indicators such as shorter duration of freezing and less escape attempts in pigs 

(Colpoys et al., 2014). Accordingly, we used two selection lines of goats differing in their grade of 

domestication and expected that dairy goats selected for high productivity will be less reactive towards 

different stressors and more explorative than dwarf goats that were not selected for high productivity.  

In both, the CFL task as well as the PST, dwarf goats took longer to approach the test device than dairy 

goats, suggesting higher stress reactivity in dwarf goats. However, we did not find general differences 

in reactivity in a NO, a WH or a NH test between the two selection lines of goats. Contrary to our 

expectations, dwarf goats were even less reactive to isolation in a novel arena test than dairy goats 

(Chapter III). Thus, stress reactivity appears to be expressed in a differential and context-depending 

manner, likely because the various situations in which we measured it included a variety of different 

stressors (separation from group, human presence, etc). However, no overall trend towards lower 

stress reactivity of dairy goats compared to dwarf goats could be observed. 

 

Another trait that facilitates the approach of a novel problem is risk-taking behaviour. Risk-taking 

behaviour is described as a behaviour that may lead to negative consequences (Oliver & Hyde, 1993). 

High reactivity towards stress can affect and even reduce risk-taking behaviour (Maner et al., 2007). In 

Chapter IV in the PST, we found that dwarf goats touched a closed container less often than dairy 

goats. As the container was covered with a novel lid unknown to the animals, the approach of the 

container and subsequent touch required the animal to take a risk. Negative affective states such as 

fear play an important role in the decision-making process in humans and animals (e.g. Bechara, 2003; 

Mendl, Burman, Parker, & Paul, 2009). Fearful animals might touch the container less often and thus 

take lower risks by staying away from the container. Animals with low fear levels may be taking higher 
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risks and touch the container more often. As risk-taking behaviour is a highly heritable trait (Van Oers, 

Drent, De Goede, & Van Noordwijk, 2004), it is possible that dairy goats were unintentionally selected 

for higher risk-taking behaviour as a by-product of the selection for high feed efficiency. In the model 

for the PST, we found that most variance was explained by Individual and Selection line rather than 

Treatment. In other words, the exposure to different treatments caused less variation in the variable 

Touched than genetic factors. In addition, risk-taking behaviour correlates with an individual’s 

motivation to explore (Van Oers et al., 2004). If dairy goats have been unintentionally selected to take 

higher risks, they should also be more explorative. In the NO in Chapter III, we assessed the motivation 

to explore a novel object, amongst other things. We found that only ISO dwarf goats were less 

explorative than ISO dairy goats, while COG and POS dwarf goats were as explorative as COG and POS 

dairy goats. Voelkl et al. (2020) state that “.., treatment effects can be assessed and interpreted 

meaningfully only against biological variation — including gene × environment interactions”.  Thus, the 

combination of exposure to cognitive testing (COG), human-animal interaction (POS) and genetic 

differences in stress reactivity may explain the variation between treatment groups best. However, in 

the absence of statistically meaningful treatment effects, this is only one of many possible 

explanations.   

 

Stress is known to influence many cognitive processes such as memory formation, i.e. how and what 

we learn in humans (Schwabe, Wolf, & Oitzl, 2010), and in animals (Mendl, 1999).  In the ABT (Chapter 

IV), the Accuracy to detour a fence was used as a measure for behavioural flexibility of goats. In this 

parameter, we found that most variation in the data was explained by Individual rather than 

Treatment, Site or Selection line. This was also the case for the Latency to detour the fence and suggests 

that individual differences in reactivity towards stress could explain differences in the goats’ ability and 

speed to make accurate decisions. In pigs, already mild stressors such as isolation, a novel food source, 

or a novel spatial environment have been shown to impair spatial memory, i.e the relocation of food 

sources (Mendl, Laughlin, & Hitchcock, 1997). Regolin et al. (1995) reported that the ability of chicks 

to succeed in an object permanence task was masked under stress, namely when tested in social 

isolation. In contrast, Brust et al. (2013) found that more fearful and active zebra finches are more 

flexible and perform better in reversal learning, as they are more attentive to their environment than 

less active birds. I suggest that individual variation in stress reactivity should be accounted for to 

implement cognitive enrichment successfully and to assess cognitive abilities correctly.  

 

In addition, individuals may differ in their motivation to solve a cognitive task and in their abilities. 

Although the provision of cognitive enrichment has been suggested to engage cognitive skills and 

improve welfare (Clark, 2017), not every individual may be equally interested in cognitive stimulation. 
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For instance, Clark et al. (2013) found that two out of six subjects in a group of male dolphins were 

“high users” and used a cognitive device significantly more than their groupmates. Similarly, in the CFL 

study in Chapter II, all except of four goats chose to open the closed door at least once. However, inter-

individual variation in the extent of performing CFL was high and ranged from one to seven of ten trials 

(Fig. 2, Chapter II). This indicates that the need for cognitive stimulation seems to be highly variable 

between individuals and can affect the motivation to use cognitive enrichment devices. In addition, 

individuals may differ in the level of stress that they experience when being confronted with a cognitive 

challenge. An animal that is successful in a task will likely have a rewarding experience, which will 

increase the probability to engage in the same task again. In contrast, an animal that cannot succeed 

due to impaired cognitive skills may be frustrated and does not want to repeat the task. In a study by 

Yamanashi and Matsuzawa (2010), individual chimpanzees differed in their reactions to making an 

error and to the task difficulty. While three out of the six chimpanzees exhibited higher rates of self-

directed behaviours, an indicator for negative emotions, after incorrect trials and in difficult tasks, the 

other three chimpanzees did not. These results suggest that cognitive tests can be used to cognitively 

enrich animals, but their success is dependent on the appropriateness of the task and the individuals’ 

motivation to engage in it. 

 

Variation caused by the environment - differences between sites  

Although variation in behavioural traits of an animal is often genetically determined, it is constantly 

modulated by the interaction of genetic traits with the environment (Boissy & Bouissou, 1995). In the 

current thesis, the environmental factor Site caused a lot of variation in the behavior of goats in tests, 

which highlights the importance of multi-lab/site approaches in cognitive research. For instance, in the 

PST, we found that dwarf goats in DU almost never touched the container, while all dwarf goats in ET 

touched it at least once. Dwarf goats across both sites mainly originated from the same dwarf goat 

population, thus environmental factors rather than genetics likely affected behaviour. In dairy goats, 

the average number of touches was also consistently higher in ET than in DU, again indicating that 

variation was caused by environmental factors. However, as mentioned earlier, the most variation in 

the variable Touched was explained by Individual. Thus, it is also possible that individual variation and 

site variation were interfering with each other. At both sites, none of the dwarf goats opened the 

container, while almost all dairy goats in ET, but hardly any dairy goat in DU did so. In order to open 

the container, goats had to approach the experimenter who was standing next to the container. One 

explanation could be that previous experiences with animal care staff at the two research sites 

differed. These experiences may caused differences in stress reactivity towards humans in goats in ET 

compared to DU (Boivin et al., 1998; Hausberger et al., 2008). This is supported by the fact that we 

found a high variance in selection lines between research sites in terms of sociability towards a novel 
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human in the NH (Chapter III). Further, differences in the size of the farms where the goats were bred 

(Mattiello et al., 2010), their rearing history, i.e. human- or dam-reared (Lyons, 1989), or habituation 

to isolation and handling at a young age may affected goats differently at the two sites (Boivin & 

Braastad, 1996).   

Final Conclusions 

To conclude, we could show that domestic goats are willing to work for food even if the same food is 

available for free, which might reflect a need for stimulation of species-specific cognitive processes. 

Thus, the incorporation of opportunities to engage evolved cognitive skills into captive housing 

conditions may be an integral part of good animal husbandry. Further, we did not find an effect of 

long-term cognitive testing per se or human-animal interaction on responses to different stressors or 

goats’ detour or problem-solving performance. Possible explanations may be that the feeling of control 

was lacking in the way cognitive stimulation was provided in Chapter III and IV. If opportunities to take 

control are lacking, cognitive enrichment may lose its purpose and will not produce positive effects.  It 

is also possible that the level of environmental enrichment was so high that the additional cognitive 

stimulation did not affect goats substantially or in a biologically meaningful way. The selection for high 

productivity did not reduce the willingness to perform CFL in goats, but it seems that it decreased 

stress reactivity towards humans and as a result also increased the goats’ inclination to approach a 

human and improved the performance in a problem-solving task. In addition to differences between 

selection lines, we also found that individual goats differ in their motivation to solve challenging tasks 

and in their reactivity towards stressors. These differences between selection lines and individuals may 

be also used to inform handling procedures and husbandry conditions for goats. In sum, we found high 

variation between individuals when systematically varying the genotype (different selection lines) of 

the target species, and by introducing uncontrolled variation in the form of a multi-site approach (as 

suggested by Voelkl et al., 2020). It becomes evident that heterogenization of both test subjects and 

the environment is not only a necessity for external validity and reproducible results, but also 

beneficial for the interpretation of test results. 
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Outlook and perspectives 

Farm animals such as domestic goats have been found to seek cognitive stimulation, albeit to various 

extents. Its provision can improve animal welfare, likely by targeting a behavioural need.  This need 

should be considered in the design of husbandry systems for farm animals by means of opportunities 

to engage species-specific cognitive capacities. Further, cognitive tests commonly used in comparative 

cognitive research such as object-choice tasks do not seem to negatively affect welfare of goats. 

However, we could not find substantial benefits of cognitive testing on goat welfare either. This 

suggests that more research is needed to disentangle possible confounding factors, e.g., testing 

individuals in isolation or the human-animal-relationship from effects of cognitive stimulation per se.  

Future research in comparative cognition/applied animal welfare should thrive to consider certain 

aspects: 

Separation from the group is a potential stressor for animals. In future studies, we should thrive to 

design tests in such a way that animals can be tested either in a group or at least close to it with visual 

contact. This will not only reduce stress for the animal but also lead to more valid test results, as stress 

can impair many cognitive functions. Thus, testing animals in a social setting can lead to increased 

validity of tests and improve animal welfare. 

 

Individual animals differ in their motivation, experiences, and skills. Thus, modular devices should be 

applied that allow adapting the level of difficulty of a task to the individuals’ skills and needs. This may 

also help to avoid frustration in animals that are not able to solve a task or boredom in the very skilled 

ones, as only appropriate challenges will have beneficial effects on test subjects and produce lasting 

effects for animal welfare. 

 

Large differences in the type and provision of cognitive enrichment devices are making comparisons 

between studies very difficult. Currently, there is no consensus whether it is the ‘thinking’ or ‘doing’ 

aspect of cognitive stimulation that is enriching and targeting a need and as a result improving welfare. 

To determine what constitutes the positive effects of cognitive enrichment, more studies investigating 

controllability, predictability, and the reinforcing properties of learning itself are needed.  

 

By increasing the heterogeneity of our test design, we were able to explain variation caused by 

individuals, selection lines, and sites in our studies. To increase external validity and to improve 

reproducibility of future studies in the fields of animal research, different phenotypes and a multi-

lab/site approach should be favoured.  
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Appendix I for Chapter II 

Goats work for food in a contrafreeloading task. 

 

Table S1: IRTree GLMM of behavioural responses. Intercepts correspond to Trial 1 (see Methods). This 

table is an extended version of Table 1 in the paper. Results with p-value ≤ 0.05 are given in 

bold. 

 
Node 1: Participation 

p participation 

Node 2: Door type 

p closed door 

 Dwarf Dairy Dwarf Dairy 

 est. s.e. z p est. s.e. z p est. s.e. z p est. s.e. z p 

Intercept 2.43 0.64 3.77 <0.001 3.32 0.69 4.82 <0.001 -0.85 0.29 -2.92 0.003 -0.27 0.26 -1.05 0.29 

(Trial -1) 
0.03 0.07 0.39 0.69 -0.15 0.07 -2.07 0.04 0.11 0.05 2.14 0.03 0.00 0.05 0.03 0.97 

 Dwarf - Dairy Dwarf – Dairy 

 Contrast in… est. s.e. z p est. s.e. Z p 

Intercept 0.90 0.90 0.99 0.32 0.58 0.38 1.51 0.13 

(Trial – 1) 
-0.18 0.10 -1.77 0.08 -0.11 0.07 -1.55 0.12 

 
Node 3: Approach time closed door 

p long approach time  

Node 4: Approach time open door 

p long approach time 

 Dwarf Dairy Dwarf Dairy 

 est. s.e. z p est. s.e. z p est. s.e. z p est. s.e. z P 

Intercept 0.25 0.78 0.32 0.75 -0.72 0.65 -1.11 0.27 0.55 0.48 1.15 0.25 0.99 0.48 2.08 0.04 

(Trial -1) 
0.07 0.10 0.71 0.48 0.04 0.08 0.57 0.57 -0.21 0.08 -2.65 0.008 -0.07 0.07 -0.95 0.34 

 Dwarf - Dairy Dwarf - Dairy 

 Contrast in… est. s.e. z p est. s.e. z p 

Intercept -0.98 1.01 -0.97 0.33 0.45 0.66 0.68 0.50 

(Trial – 1) 
-0.03 0.12 -0.21 0.84 0.15 0.10 1.38 0.17 
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Table S2: Random effect variance components and correlations of the IRTree GLMM. 

Random effects       

Groups Name Variance Std. Dev. Corr   

Obs (Intercept) 0.00 0.00    

ClosedSide:(Individual:Pen) NodeN1 0.25 0.50    

 NodeN2 0.22 0.47 0.34   

 NodeN3 0.09 0.30 0.33 -0.77  

 NodeN4 0.15 0.39 1.00 0.39 0.28 

Individual:Pen NodeN1 2.90 1.70    

 NodeN2 0.00 0.0.03 1.00   

 NodeN3 1.00 1.00 -0.33 -0.33  

 NodeN4 1.14 1.07 -0.77 -0.77 0.86 

Pen Node 1 0.36 0.60    

 Node 2 0.01 0.10 1.00   

 Node 3 0.64 0.80 1.00 1.00  

 Node 4 0.10 0.31 1.00 1.00 1.00 

 

Table S3: Random effect variance components of the LMM with continuous approach time as 

response. 

Random effects 
 

 
 

Groups Name Variance Std. Dev. 

ClosedSide:(Individual:Pen) (Intercept) 0.02 0.14 

Individual:Pen (Intercept) 0.13 0.36 

Pen (Intercept) 0.03 0.18 

Residual  0.53 0.73 

 
 

 

Figure S1: a) Test apparatus with left sliding door open (= free reward) and right sliding door closed (= 

work). b) Test setup 

with dwarf goat feeding from the open door. 

 

a) b) 
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Figure S2: Distribution of approach times of dwarf and dairy goats towards the open and closed doors. 
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Appendix II for Chapter III  

Reactivity of domesticated goats towards different stressors following long-term 

cognitive test exposure 

 
Description of habituation to isolation and shaping to the cognitive test procedures 
 
All animals were habituated to the test arena at first the whole group of a pen (2 d; 20 min per day), 

then in groups of two (4–6 d), and finally individually (7–13 d). For the COG and POS treatment, the 

habituation continued until each animal confidently took a reward (a piece of uncooked pasta) from 

the sliding board. Only COG goats continued with the following ‘shaping’ phase (10 trials per session) 

where the animals were trained to indicate a choice. A plant saucer (2 cm high, Ø 14 cm) with a reward 

was placed in the middle of the sliding board (4 trials). As soon as the animal stuck its nose through 

the middle of the grid, it received the reward from the experimenter. In the next step, the reward was 

covered with a plant pot (light brown, 10.5 cm high, Ø 12 cm) before the animal could make a choice 

(6 trials). The goal of the shaping phase was achieved, if at the end of the shaping phase, the animals 

showed no signs of stress during the manipulation of and feeding from the sliding board. This phase 

was followed by further training sessions of 10 trials, where 2 pots with saucers were positioned on 

the left and right side of the sliding board (30 cm distance). The experimenter baited, visible to the 

goat, one of the saucers, and then covered both saucers   with pots. The goat received the reward only 

if it chose the baited pot. The rewarded pot was presented in a pseudo-randomised manner on each 

side. The training criterion required that the goat chose the baited side in at least 8 out of 10 trials over 

two consecutive sessions to proceed to the cognitive tests (see Supplementary Table S1). 
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Table S1: Detailed description of handling and cognitive tests used in the COG, POS and ISO treatments. NA = not applicable. 

Treatment Test name  Task description (all of type object choice) Rewards Time isolated in test arena 
Sessions 

(1 session per day) 

COG 

1st phase 

Visual-discrimination task 
Object choice 

between a black or a white cup 

Dependent on number of trials solved, 

but a max. of 14 (= 12 trials plus 2 

motivational trials) 

 

Until all trials solved or a max. of 

10 minutes 

 

20 sessions of 12 trials 

Reversal-learning task Object choice with reversed cup colours 

COG 

2nd phase 

 

Cognitive test battery: Direct visual exclusion  

Of two cups, only one is baited with food, but both are 

lifted providing direct visual information regarding the 

location of a food reward 

Dependent on number of trials solved, 

but a max. of 14 (= 12 trials plus 2 

motivational trials) 

Until all trials solved or a max. of 

10 minutes 
12 sessions of 12 trials 

Cognitive test battery: Indirect visual exclusion 

Of two cups, only one is baited, and only the empty cup is 

lifted providing indirect visual information regarding the 

location of a food reward 

Cognitive test battery: Direct auditory exclusion  

Of two cups, only one is baited, but both are shaken 

providing direct auditory information regarding the 

location of a food reward 

Cognitive test battery: Indirect auditory 

exclusion  

Of two cups, only one is shaken providing indirect auditory 

information regarding the location of a food reward 

Cognitive test battery: Transposition task  

One of two cups is baited in full view of the individual 

before the left cup is moved to the right side and the right 

cup to the left side 

COG 

3rd phase 

 

Cognitive test battery: Sustained pointing 

The experimenter is positioned in the middle between two 

cups and points at the baited cup until individual makes a 

choice 
Dependent on number of trials solved, 

but a max. of 14 (= 12 trials plus 2 

motivational trials) 

Until all trials solved or a max. of 

10 minutes 
12 sessions of 12 trials 

Cognitive test battery: Momentary pointing 
The experimenter is positioned in the middle between two 

cups and will point at the baited cup for about one second 
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Cognitive test battery: Pointing vs. body 

position 

The experimenter is positioned behind the empty cup and 

points with ipsilateral arm and finger at the baited cup 

Cognitive test battery: Body orientation 
The experimenter is positioned in the middle between two 

cups and orients body and head towards the baited cup 

Cognitive test battery: Marking of correct cup 
The experimenter is positioned in the middle between two 

cups and places a marker on top of the baited cup 

POS NA NA 
Median reward delivery of all ‘test’ 

individuals from previous test session 

Mean test time of all ‘test’ 

individuals from previous test 

session 

20 sessions 

ISO NA NA No rewards 

Mean test time of all ‘test’ 

individuals from previous test 

session 

20 sessions 
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Table S2: LMER model and random effect variance components for the rotated component “active” in 

the novel arena test (NA). 

Fixed effects Dwarf Dairy 

  est. s.e. p est. s.e. p 

COG -0.13 0.52 1.00 -0.24 0.50 0.98 

POS 0.30 0.51 0.94 -0.23 0.50 0.98 

ISO -0.11 0.50 1.00 0.13 0.49 1.00 

  

Random effects variance sd n groups       

Pen 0.13 0.36 12       

Site 0.36 0.60 2       

Residual 0.73 0.85 87       

  

Treament contrasts Dwarf Dairy 

  est. s.e. p est s.e. p 

POS - COG 0.44 0.35 0.22 0.01 0.31 0.98 

ISO - POS -0.41 0.33 0.22 0.36 0.30 0.22 

ISO - COG 0.03 0.33 0.94 0.37 0.30 0.22 

  

Selection line contrasts COG     POS     ISO           

  est. s.e. p est. s.e. p est. s.e. p       

Dairy-Dwarf -0.11 0.40 0.789 -0.53 0.39 0.17 0.24 0.37 <0.001       

 

Table S3: LMER model and random effect variance components for the rotated component “reactive 

to isolation” in the novel arena test (NA). 

Fixed effects Dwarf Dairy 

  est. s.e. p est. s.e. p 

COG -0.53 0.29 0.30 0.49 0.26 0.28 

POS -0.41 0.28 0.57 0.48 0.26 0.29 

ISO -0.91 0.27 0.005 0.48 0.25 0.28 

  

Random effects variance sd n groups       

Pen 0.19 0.44 12       

Site 0.00 0.00 2       

Residual 0.55 0.74 87       

  

Treament contrasts Dwarf Dairy 

  est. s.e. p est s.e. p 

POS - COG 0.12 0.31 0.69 -0.01 0.27 0.96 

ISO - POS -0.50 0.29 0.08 0.00 0.26 0.99 

ISO - COG -0.38 0.29 0.19 -0.02 0.26 0.95 
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Selection line contrasts COG     POS     ISO           

  est. s.e. p est. s.e. p est. s.e. p       

Dairy-Dwarf 1.02 0.39 0.009 0.89 0.38 0.02 1.38 0.37 <0.001       

 

Table S4: LMER model and random effect variance components for the rotated component “active” in 

the novel object test (NO). 

Fixed effects Dwarf Dairy 

  est. s.e. p est. s.e. p 

COG 0.30 0.35 0.91 -0.36 0.32 0.75 

POS 0.65 0.37 0.31 -0.53 0.33 0.39 

ISO 0.38 0.33 0.71 -0.20 0.32 0.98 

  

Random effects variance sd n groups       

Pen 0.05 0.22 12       

Site 0.10 0.32 2       

Residual 0.77 0.88 89       

  

Treament contrasts Dwarf Dairy 

  est. s.e. p est s.e. p 

POS - COG 0.35 0.38 0.35 -0.17 0.31 0.57 

ISO - POS -0.27 0.36 0.45 0.34 0.30 0.27 

ISO - COG 0.09 0.34 0.80 0.16 0.30 0.58 

  

Selection line contrasts COG     POS     ISO           

  est. s.e. p est. s.e. p est. s.e. p       

Dairy-Dwarf 
-
0.66 

0.36 0.06 -1.18 0.38 <0.001 -0.58 0.33 0.08       

 

Table S5: LMER model and random effect variance components for the rotated component 

“explorative” in the novel object test (NO). 

Fixed effects Dwarf Dairy 

  est. s.e. p est. s.e. p 

COG -0.35 0.37 0.84 0.13 0.35 1.00 

POS 0.44 0.39 0.71 0.29 0.35 0.90 

ISO -0.62 0.35 0.28 0.31 0.34 0.86 

  

Random effects variance sd n groups       

Pen 0.00 0.00 12       

Site 0.14 0.38 2       

Residual 0.83 0.91 89       

  

Treament contrasts Dwarf Dairy 

  est. s.e. p est s.e. p 
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POS - COG 0.80 0.39 0.04 0.17 0.32 0.60 

ISO - POS -1.06 0.37 0.00 0.02 0.31 0.96 

ISO - COG -0.27 0.35 0.44 0.18 0.31 0.55 

  

Selection line contrasts COG     POS     ISO           

  est. s.e. p est. s.e. p est. s.e. p       

Dairy-Dwarf 0.48 0.34 0.16 -0.15 0.37 0.68 0.93 0.31 <0.001       

 

Table S6: LMER model and random effect variance components for the rotated component “sociable 

towards a novel human” in the novel human test (NH). 

Fixed effects Dwarf Dairy 

  est. s.e. p est. s.e. p 

COG -0.23 0.69 0.97 0.14 0.69 1.00 

POS -0.32 0.69 0.89 0.11 0.69 1.00 

ISO -0.51 0.69 0.68 0.26 0.68 0.94 

  

Random effects variance sd n groups       

Pen 0.02 0.12 12       

Site 0.87 0.93 2       

Residual 0.49 0.70 89       

  

Treament contrasts Dwarf Dairy 

  est. s.e. p est s.e. p 

POS - COG -0.09 0.28 0.73 -0.03 0.26 0.92 

ISO - POS -0.19 0.26 0.46 0.15 0.25 0.55 

ISO - COG -0.28 0.27 0.29 0.12 0.24 0.61 

  

Selection line contrasts COG     POS     ISO           

  est. s.e. p est. s.e. p est. s.e. p       

Dairy-Dwarf 0.37 0.28 0.184 0.44 0.27 0.11 0.78 0.25 0.002       

 

Table S7: LMER model and random effect variance components for the rotated component “active” in 

the novel human test (NH). 

Fixed effects Dwarf Dairy 

  est. s.e. p est. s.e. p 

COG -0.44 0.39 0.65 0.33 0.37 0.82 

POS -0.53 0.38 0.46 0.71 0.38 0.20 

ISO -0.59 0.37 0.33 0.60 0.37 0.31 

  

Random effects variance sd n groups       

Pen 0.03 0.16 12       

Site 0.18 0.43 2       

Residual 0.64 0.80 89       
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Treament contrasts Dwarf Dairy 

  est. s.e. p est s.e. p 

POS - COG -0.09 0.32 0.78 0.38 0.29 0.20 

ISO - POS -0.07 0.29 0.82 -0.10 0.29 0.72 

ISO - COG -0.16 0.31 0.61 0.27 0.28 0.33 

  

Selection line contrasts COG     POS     ISO           

  est. s.e. p est. s.e. p est. s.e. p       

Dairy-Dwarf 0.77 0.32 0.02 1.23 0.32 <0.001 1.20 0.29 <0.001       

 

Table S8: LMER model and random effect variance components for the rotated component “reactive 

towards handling” in the weighing test (WH). 

Fixed effects Dwarf Dairy 

  est. s.e. p est. s.e. p 

COG -0.04 0.55 1.00 -0.47 0.54 0.71 

POS 0.74 0.55 0.38 0.01 0.55 1.00 

ISO 0.03 0.54 1.00 0.05 0.54 1.00 

  

Random effects variance sd n groups       

Pen 0.06 0.25 12       

Site 0.49 0.70 2       

Residual 0.64 0.80 94       

  

Treament contrasts Dwarf Dairy 

  est. s.e. p est s.e. p 

POS - COG 0.78 0.31 0.01 0.48 0.28 0.09 

ISO - POS -0.71 0.30 0.02 0.04 0.28 0.90 

ISO - COG 0.06 0.29 0.83 0.52 0.27 0.06 

  

Selection line contrasts COG     POS     ISO           

  est. s.e. p est. s.e. p est. s.e. p       

Dairy-Dwarf -0.43 0.32 0.18 -0.73 0.33 0.03 0.02 0.31 0.95       

 

Table S9: LMER model and random effect variance components for the variable “entering score” in the 

weighing Test (WH). 

Fixed effects Dwarf Dairy 

  est. s.e. p est. s.e. p 

COG 2.77 0.24 <0.001 2.51 0.22 <0.001 

POS 2.73 0.25 <0.001 2.38 0.23 <0.001 

ISO 2.58 0.23 <0.001 2.28 0.21 <0.001 
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Random effects variance sd n groups       

Pen 0.00 0.00 12       

Site 0.00 0.00 2       

Residual 0.82 0.91 94       

  

Treament contrasts Dwarf Dairy 

  est. s.e. p est s.e. p 

POS - COG -0.04 0.35 0.92 -0.14 0.32 0.66 

ISO - POS -0.15 0.34 0.65 -0.10 0.31 0.76 

ISO - COG -0.19 0.33 0.57 -0.24 0.31 0.44 

  

Selection line contrasts COG     POS     ISO           

  est. s.e. p est. s.e. p est. s.e. p       

Dairy-Dwarf -0.25 0.33 0.44 -0.36 0.34 0.29 -0.30 0.31 0.33       

 

 

 

 

 

  



Appendix III for Chapter IV 

 138 

Appendix III for Chapter IV  

Performance of goats in a detour and a problem-solving test following long-term 

cognitive test exposure 

 

 

Figure S1: Camera view (in Dummerstorf) of test arena with dwarf goat moving from Experimenter 1 
to Experimenter 2 while crossing the fence. 
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Table S2: GLMER model for Accuracy in the four A trials and the four B trials.  

Fixed effects 
        

  
        

                

A trials         B trials         

  est. s.e. z p   est. s.e. z p 

COG 2.41 0.72 3.36 <0.001 COG -0.24 0.49 -0.50 0.62 

POS 2.62 0.82 3.21 <0.001 POS 0.63 0.51 1.23 0.22 

ISO 2.56 0.72 3.56 <0.001 ISO 0.49 0.48 1.01 0.31 

COG:I(Trial-1) 1.09 0.65 1.67 0.09 COG:I(Trial-1) 0.73 0.22 3.27 <0.001 

POS:I(Trial-1) 15.87 193.52 0.08 0.93 POS:I(Trial-1) 0.41 0.23 1.80 0.07 

ISO:I(Trial-1) 1.09 0.65 1.67 0.09 ISO:I(Trial-1) 0.38 0.21 1.82 0.07 

 Contrast in… est. s.e. z p  Contrast in… est. s.e. z p 

POS-COG 0.21 1.00 0.21 0.83 POS-COG 0.87 0.58 1.50 0.13 

ISO-COG 0.15 0.92 0.17 0.87 ISO-COG 0.73 0.56 1.30 0.19 

ISO-POS -0.06 1.00 -0.06 0.96 ISO-POS -0.14 0.58 -0.24 0.81 

 
 
Table S3: Random-effect variance components of the GLMER model for Accuracy. 

Random effects    

Groups Name Variance Std.Dev. 

Individual (Intercept) 0.58 0.76 

Pen (Intercept) 0.00 0.00 

Site (Intercept) 0.04 0.20 

SelectionLine (Intercept) 0.12 0.35 

 
 
Table S4: LMER model for Latency to cross the fence in A trials and B trials. 

Fixed Effects 
        

  
        

                

A trials         B trials         

  est. s.e. z p   est. s.e. z p 

COG 1.90 0.26 7.40 <0.001 COG 2.86 0.26 11.13 <0.001 

POS 1.83 0.26 6.91 <0.001 POS 2.47 0.26 9.32 <0.001 

ISO 1.85 0.25 7.28 <0.001 ISO 2.74 0.25 10.77 <0.001 

COG:I(Trial-1) -0.10 0.09 -1.07 0.28 COG:I(Trial-1) -0.06 0.09 -0.68 0.50 

POS:I(Trial-1) -0.14 0.10 -1.44 0.15 POS:I(Trial-1) 0.02 0.10 0.17 0.86 

ISO:I(Trial-1) 0.09 0.09 0.97 0.33 ISO:I(Trial-1) -0.08 0.09 -0.82 0.41 

 Contrast in… est. s.e. z p  Contrast in… est. s.e. z p 

POS-COG -0.08 0.31 -0.25 0.80 POS-COG -0.40 0.31 -1.31 0.19 

ISO-COG -0.06 0.30 -0.20 0.84 ISO-COG -0.13 0.30 -0.43 0.67 

ISO-POS 0.02 0.30 0.05 0.96 ISO-POS 0.27 0.30 0.89 0.37 

 
 
Table S5: Random-effect variance components of the LMER model for Latency to cross the fence.  

Random effect 
 

  

Groups Name Variance SD 

Individual (Intercept) 0.35 0.59 

Pen (Intercept) 0.01 0.12 

Site (Intercept) 0.00 0.00 
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SelectionLine (Intercept) 0.04 0.20 

Residual  1.15 1.07 

 
 
Table S6: GLMER model for Touched.  

Fixed effect 
        

        

  est. s.e. z p 

COG 0.86 1.37 0.62 0.53 

POS 1.52 1.38 1.11 0.27 

ISO 1.83 1.42 1.29 0.20 

COG:I(Trial-1) −0.28 0.18 −1.57 0.12 

POS:I(Trial-1) −0.70 0.20 −3.58 <0.001 

ISO:I(Trial-1) −0.63 0.21 −2.99 0.003 

 Contrast in…     

POS-COG 0.67 0.75 0.90 0.37 

ISO-COG 0.98 0.81 1.21 0.23 

ISO-POS 0.31 0.82 0.38 0.71 

 

Table S7: Random-effect variance components of the GLMER model for Touched.  

Random effect    

Groups Name Variance SD 

Individual (Intercept) 1.20 1.10 

Pen (Intercept) 0.40 0.64 

Site (Intercept) 0.85 0.92 

SelectionLine (Intercept) 2.28 1.51 

 

Table S8: GLMER model for Opened (dairy goats only). 

Fixed effect 
        

        

  est. s.e. z p 

COG −2.85 3.59 −0.79 0.43 

POS −3.86 3.55 −1.09 0.28 

ISO −1.51 3.52 −0.43 0.67 

COG:I(Trial-1) 0.00 0.37 0.00 1.00 

POS:I(Trial-1) 0.64 0.36 1.77 0.08 

ISO:I(Trial-1) 0.51 0.38 1.33 0.18 

 Contrast in…     

POS-COG −1.01 2.23 −0.45 0.65 

ISO-COG 1.34 2.45 0.55 0.58 

ISO-POS 2.35 2.39 0.98 0.33 

 

 
Table S9: Random-effect variance components of the GLMER model for Opened (dairy goats only). 

Random effect    
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Groups Name Variance SD 

Individual (Intercept) 15.79 3.97 

Pen (Intercept) 1.61 1.27 

Site (Intercept) 18.35 4.28 

 

Table S10: LMER model for LatencyT.  

Fixed effect 
        

        

  est. s.e. z p 

COG 2.90 0.62 4.71 <0.001 

POS 2.56 0.61 4.19 <0.001 

ISO 2.88 0.61 4.69 <0.001 

COG:I(Trial-1) 0.12 0.06 1.95 0.05 

POS:I(Trial-1) 0.21 0.06 3.25 0.001 

ISO:I(Trial-1) 0.16 0.06 2.47 0.01 

 Contrast in…     

POS-COG −0.34 0.25 −1.34 0.18 

ISO-COG −0.02 0.26 −0.08 0.93 

ISO-POS 0.31 0.25 1.26 0.21 

 

Table S11: Random-effect variance components of the LMER model for LatencyT.  

Random effect    

Groups Name Variance SD 

Individual (Intercept) 0.23 0.48 

Pen (Intercept) 0.01 0.11 

Site (Intercept) 0.13 0.36 

SelectionLine (Intercept) 0.55 0.74 

Residual  0.56 0.75 

 

Table S12: LMER model for LatencyO (dairy goats only).  

Fixed effect 
        

        

  est. s.e. z p 

COG 3.79 0.49 7.77 <0.001 

POS 4.18 0.50 8.34 <0.001 

ISO 3.34 0.47 7.03 <0.001 

COG:I(Trial-1) −0.35 0.10 −3.49 <0.001 

POS:I(Trial-1) −0.51 0.11 −4.72 <0.001 

ISO:I(Trial-1) −0.24 0.10 −2.37 0.02 

 Contrast in…     

POS-COG 0.38 0.39 0.99 0.32 

ISO-COG −0.46 0.37 −1.22 0.22 

ISO-POS −0.84 0.39 −2.13 0.03 
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Table S13: Random-effect variance components of the LMER model for LatencyO (dairy goats only). 

Random effect    

Groups Name Variance SD 

Individual (Intercept) 0.04 0.19 

Pen (Intercept) 0 0 

Site (Intercept) 0.29 0.55 

Residual  0.71 0.84 
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Summary  

1. The assessment of heart rate (HR) and heart rate variability (HRV) based on electrocardiograms 

(ECG) is considered a good proxy for stress in a wide range of animal species. However, 

problems can occur e.g., when measuring ECG in ambulatory settings such as recording of 

unrestrained animals using non-invasive devices. Artefacts caused by technical (i.e. bad 

electrode contact) or physiological (i.e. ectopic beats, non-cardiac muscle potentials) sources 

are common and can disturb the ECG signal. As HRV analysis is highly sensitive to artefacts in 

the interbeat interval (RR-interval) time series the process of visual inspection of the raw signal 

to detect and correct these is essential. Most of the commercially available software requires 

intensive training and extensive manual work to accomplish this task and/or is often not 

available to access for free. 

2. EasieRR is an open-source, stand-alone software optimized for analysing ECG in non-restrained 

animals. The program allows a species-specific analysis and calculation of recommended 

standard HRV parameters in both, the time- and the non-linear domain (RMSSD, SDNN, SD1, 

and SD2).  

3. Visualization of data by using Poincaré plots and tachograms of RR-intervals eases the 

validation of correct heart cycle interval detection and minimizes manual work for the user. 

Automatically detected peaks can be manually corrected via deletion, correction of spurious 

detections or marking of undetected peaks. 

4. The HRV analysis can be exported using common formats (TXT, MAT). Figures can be plotted 

and exported in various formats (PDF, SVG, PNG, JPG, TIFF, EMF, EPS). 

5. Included in EasieRR is the possibility for synchronization of ECG data with video to link cardiac 

responses to specific behavioural responses.  
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Introduction 

Measures of heart rate (HR) and heart rate variability (HRV) have a long history as indicators of cardiac 

health, and stress in humans (Fleisher, 1996, Delaney and Brodie 2000, Hall et al. 2004, Carney, 

Freedland & Veith, 2005), and have gained considerable interest in animal behavioural studies during 

the last 30 years (Hopster, Werf & Blokhuis., 1998, von Borell, 2000, Mohr et al., 2002, Kovács et al., 

2014). HRV is based on the analysis of normal fluctuations in the time intervals of consecutive 

heartbeats = interbeat intervals (IBIs) or RR-intervals. It reflects the interplay between sympathetic 

(SNS) and parasympathetic nervous system (PNS) and thus also provides information about cardiac 

vagal tone (Porges, 1995, von Borell et al., 2007). Analysing HRV is regarded as a suitable approach to 

determine the activity of the autonomic nervous system (ANS) in the context of stress, affect and 

emotion (Appelhans & Leucken 2006, Boissy et al., 2007, Thayer et al. 2012), and is progressively 

emerging as a suitable indicator of welfare states in farm animal research.  

 

Further, animals of the same species cope differently with environmental challenges. As the ANS has 

major impact on regulation of fundamental physiological functions related to coping and stress 

resilience, many of these phenotypic differences in stress response are mediated by different 

activation of the ANS. ANS activity in different autonomic phenotypes of free-living streaked 

shearwater (Calonectris leucomelas) was linked to stress level (Muller et al. 2018), consistent across 

time and context. Evans et al. (2016) used HR and HRV to investigate the impact of ecological 

mechanisms on the hibernation process in free-ranging brown bears. These studies have speculated 

ANS may be a key mechanism driving phenotypic variation in animal populations and is therefore a 

potentially important mediator in the evolution of life history (Evans et al., 2016, Muller et al., 2018). 

 

The process of artefact correction of the ECG signal has been shown to be essential for the appropriate 

analysis of HRV data (Berntson & Stowell, 1998; Shaffer & Combatalade, 2013). This makes HRV 

analysis especially challenging for data derived from unrestrained animals where, due to technical or 

physiological interference, a high occurrence of artefacts is likely. However, even when recording ECG 

during resting states, visual inspection is important to detect artefacts like atrioventricular blocks (AV 

blocks type 1-3), due to disturbances in impulse conduction at the heart. These types of artefacts can 

be relatively commonly found in horses, but also in other animals and if not excluded, can result in 

very high HRV. In veterinary and behavioural animal research, human heart rate monitors, such as 

POLAR ® devices (POLAR Electro Oy, Helsinki, Finland) has been widely used in unrestrained animals. 

The major disadvantage of many of these devices has been that only RR-intervals were extracted but 
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the ECG itself was not accessible, allowing no visual inspection of peaks detected. The implemented 

routines for the correction of artefacts are often not comprehensible or transparent.  

 

Recently, advanced technologies used in medical science capable of assessing the ECG from electrical 

differences on the body surface (e.g., with a sensor attached via a belt) have found application in 

animal science (e.g., BioHarness™, Zephyr Technology Corporation, Annapolis, MD, U.S.A.). This 

progression in technology has not only made raw ECG data accessible, but also confronts researchers 

working on physiology and behaviour in unrestrained animals with the challenge of correct pre-

processing of data before HRV analysis.  

 

Commercial HRV analysis programs such as AcqKnowledge 4.4, (BIOPAC System Inc.), Nevrokard® 

(Nevrokard, Izola/Slovenia), or Kubios HRV Premium (University of Eastern Finland, Kuopio/Finland; 

Niskanen, Tarvainen, Rantaaho, & Karjalainen, 2004), but also Open-Source software such as Artiifact 

(Kaufmann, Sütterlin, Schulz & Vögele, 2011) are available for HRV analysis (see Table1). However, 

these programs require experience in the field and can be time-consuming to learn to use correctly. In 

this article, we describe an open-source software with an intuitive graphical user interface (GUI) that 

imports ECG from any csv file or txt files exported from AcqKnowledge software, detects the prominent 

peaks, makes correction of spurious detections easy and transparent, and calculates a variety of HRV 

parameters in the time- and nonlinear domain. 

 

Table 1: Common software available for ECG processing and HRV analysis compared to EasieRR.  

Software 
name 

Supported 
domains of 

HRV 
analysis 

Supported 
data 

formats 

Peak 
detection 
algorithm 

Artefact 
detection and 

processing 

Analysis 
reports and 

export of 
results 

Availability 

Kubios HRV 
(Premium) 

Time, 
frequency, 
non-linear 
domain 

Inter-beat-
interval 
data from 
HR 
monitors or 
text file, 
ECG data* 

QRS 
detection 
based on 
Pan-
Tompkins 

Automatic 
(threshold-
based) artefact 
detection 
algorithm, 
Cubic spline 
interpolation, 
manual 
correction 

Text file 
(import into 
MS Excel or 
SPSS), MAT-
file, PDF 
report, 
SPSS-
friendly 
batch 
process 

Standard 
version: 
open 
access/ 
premium 
version: 
purchase via 
Kubios 
website 
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Acq-
Knowledge 

Time, 
frequency, 
non-linear 
domain 

NA 
(software 
only reads 
its own 
data) 

Modified 
Pan-
Tompkins 
QRS 
detector; 
ECG QRS 
Peak event 

Cubic spline 
interpolation, 
manual 
correction 
using 
waveform 
transformation
s 

HRV 
statistics as 
MS Excel 
file, 
Poincaré 
plot as Acq 
file 

Purchase via 
BIOPAC 
website 

ARTiiFact Time, 
frequency 
domain 

Inter-beat-
interval 
data, ECG 
data 

Global or 
local 
threshold 
detection 

Distribution 
based artefact 
detection 
algorithm, 
manual 
correction: 
deletion, linear 
interpolation, 
cubic spline 
interpolation;  
batch 
processing,  

MS Excel 
file, text file, 
PDF report, 
batch 
processing 
possible 

Open-
access, 
download 
via ARTiiFact 
website 

EasieRR  Time, non-
linear 
domain 

ECG data Peak 
promin-
ence 

Manual 
correction: 
deletion, 
insertion or 
movement of 
peaks 

Text file and 
MAT-file, 
Figures in all 
commonly 
used 
formats 

Open-
source, 
download 
via figshare 
or Github 

*only for Kubios HRV Premium version 

EasieRR: Computational background and theory 

EasieRR is an open-source software developed to assist researchers in the use of heart rate parameters 

and their processing and analysis. Special emphasis was put on an intuitive GUI to ease detection and 

manual correction of artefacts. 

EasieRR has been programmed using MATLAB 2018b (Mathworks, Natick, MA, USA) and compiled as 

a stand-alone application with the MATLAB compiler 7.0 for Microsoft Windows operating systems 

(Version 7 and upwards). EasieRR is hosted at https://figshare.com/projects/EasieRR/68831 and 

distributed under the terms of the GNU General Public License.  

Peak detection 

EasieRR applies by default a band pass filter (4. Order 0-degree Butterworth filter with low cut-off at 1 

Hz and high cut-off at 20 Hz), hence removing high frequency peaks in the signal as well as removing 

any voltage offset. These two cut-off frequencies have been shown to be applicable for HRV analysis 

in goats but can be modified by the user for optimal use on other species. The extraction of time 

intervals between heart beats is traditionally done by detecting R-peaks (RR-intervals), because they 
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are usually the most distinct peaks (Lippmann et al. 1994). However, if variability within the heart rate 

cycles is calculated, other peaks and thus intervals i.e., S-S intervals can be used in case they are more 

prominent. It is essential that the type of peak used for detection is consistent within and between all 

individuals of an experiment (personal communication, Berntson). There are various algorithms for R-

peak detection applied within different programs, i.e., global/local threshold detection (Berntson, 

Quigley, Jang & Boysen, 1990), Pan-Tompkins QRS detector (Pan & Tompkins, 1985) or template 

matching (Friesen et al., 1990). In EasieRR, the peak detection used for heart cycle interval 

determination is based on the peak prominence. This allows for robust R-peak detection when 

combined with the band pass filtering and a predetermined minimum timespan between RR-intervals 

(i.e., heart refractory time of the species used).  

Artefact detection and processing 

Currently available software uses different approaches to correct artefacts such as deletion of spurious 

RR-intervals, interpolation of missing or extra beats, i.e., cubic spline interpolation, linear 

interpolation, but also manual correction (see Table 1). To maximize transparency and reliability, 

EasieRR does not detect artefacts automatically. Instead, the GUI is specifically designed for easy visual 

examination and detection of artefacts. For this purpose, EasieRR is displaying the raw (and band pass 

filtered) ECG signal, a tachogram as well as a Poincaré plot simultaneously. Significant deviations 

between the lengths of successive interbeat intervals are often caused by spurious peak detection and 

artefacts. These divergent intervals are easily recognisable as distinct peaks in the tachogram and can 

also be outliers in the typically elliptical shaped Poincaré plot. Figure 1.1-1.3 displays in detail the 

procedure of artefact detection and correction using the 3 correction options: move mark, insert mark, 

mark outlier. 

In contrast to most existing software which use interpolation algorithms for outlier correction (i.e., 

Kubios), EasieRR is based on a deletion algorithm. This method has been shown to be best suited for 

time-domain measures (Rincon Soler et al. 2015) and analysis of shorter sequences of ECG recordings 

(Lippmann, Stein & Lerman, 1994). The latter is often the case when data is obtained in ambulatory 

settings. Besides deleting outliers, EasieRR also allows selection of missed peaks and movement of 

misplaced marks. 
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Figure 1.1: Example of artefact correction using “mark outlier” button (Cycle detection 

method=negative peak: correction is displayed on red marks and lines only). a) Before correction: 

Circles mark signs of spuriously detected peak.  b) After correction: Circles mark location of changes 

in ECG (deleted data point marked with “x” and tachogram (colored yellow for deleted data). Outliers 

have disappeared in Poincaré plot. 
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Figure 1.2: Example of artefact correction using “insert mark” button (Cycle detection 

method=negative peak: correction is displayed on red marks and lines only). a) Before correction: 

Circles mark signs of undetected negative peak in ECG, tachogram and Poincaré plot. b) After 

correction: Circles mark location of changes in ECG (“+” for new data point) and tachogram (dotted 

line for new data). Outliers have disappeared in Poincaré plot.  
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Figure 1.3: Example of artefact correction using “move mark” button (Cycle detection 

method=negative peak: correction is displayed on red marks and lines only). a) Before correction: 

Circles mark signs of spuriously detected negative peak.  b) After correction: Circles mark location of 

changes in ECG (“+” for moved data point, “x” for deleted data point) and tachogram (dotted line for 

new data). Poincaré plot is a more defined ellipse. 

 

Analysis in the time and non-linear domain 

Assessment of HRV has been commonly done using time-domain parameters which are based on the 

calculation of successive RR-intervals, also called normal-to-normal (NN) intervals. EasieRR calculates 

the time-domain measures SDNN (Standard deviation of NN-intervals), RMSSD (Root mean square of 

successive differences between normal heartbeats) and mean HR (heart rate). While HR is a good 
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indicator for overall arousal or activity, it does not allow to draw inferences on the activity of the two 

autonomic nervous branches, the PNS and the SNS. In contrast, RMSSD has been found to reflect PNS-

mediated HRV and can quantify the instantaneous beat-to-beat variance in heart rate. SDNN rather 

reflects the long-term variability of beat-to-beat intervals and is usually interpreted as an indicator of 

the sympatho-vagal balance (Task Force of the European Society of Cardiology and the North American 

Society of Pacing and Electrophysiology, 1996).  

In recent years, the use of non-linear methods has been gaining more interest. Non-linear methods 

like the Poincaré plot make it possible to include nonstationary data in the analysis (Guzik et al., 2007). 

A Poincaré plot is a scatter plot where each RR-interval is plotted as a function of the previous RR-

interval. This typically results in an elliptical shaped scatter plot tilted 45 degrees counterclockwise 

relative to the x-axis (see Fig. 2). From these data points, it is possible to calculate the standard 

deviation in two dimensions: Along the minor axis of the ellipse (SD1) and the major axis (SD2). SD1 is 

describing the instantaneous variability of the RR-interval time series (see RMSSD) and reflecting 

parasympathetic efferent activity at the sinus node. SD2 is describing the long-term variability of the 

RR-interval time series. Commonly these two standard deviations are visualized within the Poincaré 

plot via an ellipse where the minor axis illustrates the SD1 and the major axis illustrates SD2. Thus, the 

major advantages of using Poincaré plots is their suitability as a quantitative visual tool allowing 

immediate recognition of artefacts (Myers, Workman, Birkett, Ferguson & Kienzle, 1992) as well as 

estimation of the activity of the PNS (Woo, Stevenson, Moser & Middlekauff, 1994; Kamen, Krum & 

Tonkin, 1996).  

To validate EasieRR, we analysed different HRV parameters (Table 2) using identical ECG data lasting 

20 sec for the programs described in Table 1. While all programs calculated almost identical values 

for HR and mean-RR, there are small deviations in the time-domain and non-linear parameters. This 

is probably due to the different underlying algorithms for artefact correction used in the different 

programs. 
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Figure 2: Poincaré plot of RR-data series with typical elliptical distribution and SD1 (red) and SD2 
(green). 
 

 

Table 2: Comparison of basic HRV parameters calculated using EasieRR and other commonly used 
HRV software. (ECG data was the same for all software; X= not available in the software analysis) 

Software name imported data 

format 

bpm mean 

RR(ms) 

RMSSD SD1 SD2 SDNN 

EasieRR ECG 188.57  318.18 7.57 5.37 23.60 17.13 

Kubios HRV 

Premium 

ECG 188.25 318.71 5.45 3.86 21.91 15.72 

AcqKnowledge ECG 188.02 319.11 7.64 X X 17.13 

ARTiiFact ECG 188.63 318.08 10.53 X X 17.87 

Kubios RR data series, 

generated with 

Kubios 

Premium  

188.77 318.17 6.69 X X 17.07 
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Program description 

The GUI is split into three separate interactive windows (Fig. 3): an upper window displaying the ECG 

signal (raw and filtered) which allows to visually inspect automatically detected QRS complexes and to 

correct artefacts. The lower left window shows the corresponding tachogram facilitating the efficient 

location of artefacts and a Poincare plot at the lower right.  

 

 

Figure 3: Graphical user interface of EasieRR displaying (1) raw (and filtered) ECG signal from a goat, 

(2) tachogram and (3) Poincaré plot. 

 

The EasieRR GUI is operated via a range of buttons. The ‘Choose data range’ button allows the user to 

select a sequence to be analysed. Time-domain as well as non-linear parameters are then 

automatically calculated and the corresponding Poincaré plot is generated in the lower right window. 

For artefact correction, the GUI offers 3 buttons with the options of either manually mark (delete) 

artefacts, move marks of spuriously detected peaks, or insert marks for missed peaks. Their 

corresponding ‘Undo’ buttons allow the user to reverse their last action. After each artefact correction, 

the ‘Recalculate’ button will create a new tachogram as well as Poincaré plot. After artefact correction 

is finished the data range can be saved using the ‘save range’ button and viewed with the ‘Check data’ 

button. When analysis is finalized, pressing the ‘save to file’ button will save all analysed time ranges. 
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A more detailed user manual can be found in the documentation hosted here: 

(https://figshare.com/projects/EasieRR/68831).  

 

Synchronization with behaviour 

HRV data can also be synchronized with observed behaviour via import it into common software for 

behavioural video analysis (e.g., The Observer®). More information is provided in the user manual 

available online.  

Conclusion and future directions 

EasieRR is a free software for evaluating ECG in non-restrained animals and allows for calculation of 

recommended standard HRV parameters in both, the time- and the non-linear domains. The intuitive 

GUI facilitates the detection and correction of artefacts through the visualization of RR-intervals in 

tachogram and Poincaré plot. 
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