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Simple Summary: Animal agency — the ability of animals to make choices and exert control over
their environment in a way that aligns with their needs and preferences - is a key part of animal
welfare. Animal-computer interactions can enhance animal agency and improve welfare through
enabling choice and control over environmental conditions and social interactions, and providing
cognitive challenge. Though there are some potential limitations, with careful design and imple-
mentation, animal-computer interaction can be an important contributor to improving animal wel-
fare.

Abstract: Recent discussions in animal welfare have emphasised the importance of animal agency
— the ability of animals to make choices and exert control over their environment in a way that aligns
with their needs and preferences. In this paper we discuss the importance of animal agency for
welfare, and examine how use of some types of animal-computer interaction can enable animals to
exercise more agency in captive environments through increased choice and control, cognitive chal-
lenge, and social interactions; as well as considering some of the potential limitations of such efforts.
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1. Introduction

Animal agency refers to the ability of an animal to make choices and exert control over
their environment in a way that aligns with their needs and preferences. Recent
definitions of animal agency have emphasised animals” motivation and capacity to freely
engage with the environment. This means that animals are capable of forming basic goals
(e.g. a desire for some resource) and recognising that their actions can influence whether
they achieve them (e.g. receive the resource they desire). For instance, Littlewood et al.
define agency as “the capacity of animals to engage in voluntary, self-generated, and goal-
directed behavior that they are motivated to perform” [1] while Englund and Cronin
define it as “the ability to successfully engage with the environment beyond satisfying
immediate needs ... by achieving goals, developing skills, acquiring information, and
pursuing future plans” [2] and Spinka as “inner-motivated behavioural engagement with
the environment” [3]. Agency is also closely related to the concepts of choice and control
and in this paper we will sometimes also talk about these functions. Choice refers to an
animal having the ability to select between different options, whereas control refers to the
ability to predictably influence aspects of the environment [2]. There is a growing
recognition of the value of animal agency for animal welfare [1-3], and in this paper we
will look at how this may be facilitated through use of technology, specifically animal-
computer interaction (ACI).

There are several different competing definitions of animal welfare, with the most
common being the ‘three orientations’: biological function, natural living, and affective
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state [4]. These can be taken as different aspects of welfare, or as independent theories of
welfare. Here, we adopt the affective state (or hedonic) view, in which the welfare of an
animal is made up of its positively and negatively valenced mental states, either at a time
or over a lifetime (see [5] for a defence of this view). This is a commonly used definition
within animal welfare science, forming the basis of the popular Five Domains model of
animal welfare [6]. On this view, what matters for welfare is the range of affective states
an animal experiences, both positive and negative. While sometimes simply referred to as
‘pleasures’ and “pains’, in actuality these can include a wide range of different experiences,
including bodily states such as hunger, nausea, and comfort; perceptual experiences such
as pleasant or unpleasant sights, sounds, and smells; and responses to external conditions,
such as fear or curiosity. On this definition of welfare, exercising agency will contribute
to welfare when doing so creates positive welfare experiences. There are two ways in
which agency may improve welfare. The first is directly, when the exercise of agency itself
leads to positive affective experiences by the animal (e.g. joy, satisfaction). The second is
indirectly, when animals use their agency to choose resources or activities they enjoy (e.g.
selecting a favoured food resource). In this paper we will look at both possibilities.

Regarding the direct welfare benefit of the exercise of agency, there is a growing body of
evidence that animals find agency rewarding. For example, zoo animals given the choice
between indoor and outdoor access will show lower incidence of stress-related behaviours,
even if they only remain in one space [7]. Merely having the choice, and being able to
exercise agency over where they are located, is enough to deliver a benefit. Other
experiments have shown that primates and rodents, when given access to a switch that
provides the option of turning a light in the enclosure on or off, will press it regardless of
the initial light condition, again suggesting that the mere ability to control the
environment is itself rewarding [8-11]. A recent review of choice-based animal welfare
studies found a positive welfare benefit in most cases, although the study was unable to
differentiate direct from indirect benefits [12]. There is also the observed phenomenon of
contrafreeloading in which animals across a wide range of taxa will choose to work for a
reward such as food, even when the same reward is also freely available [13,14] - for
instance, one study found that maned wolves (Chrysocyon brachyurus) spent a lot of time
searching for scattered food, even when food was simultaneously available on a tray [15].
Again, this suggests that the animals find it additionally rewarding when their actions
lead to food access, as compared to just receiving the food on its own. While this evidence
is suggestive, we also want to note that it is possible to interpret differently. Animals may
pursue hard-wired instincts, rather than express genuine preferences. Some of the data
for contrafreeloading may also just reflect boredom, rather than a desire for control.
Nevertheless, sophisticated experiments control for alternative explanations and do not
seem to be entirely reducible to them, thus leaving (at least some) room for the importance
of agency. Indeed, it has been argued that agency has an adaptive benefit: the survival
advantage of being motivated to make choices and perform flexible goal-directed
behaviour, proximately motivated through accompanying positive affective states [3,16].
The direct importance of agency for welfare has been highlighted in recent reworkings of
the Five Domains model, which have emphasised the agential nature of the fourth domain
‘Behavioural Interactions” which they also term the “Agency Domain’ [1].

On the indirect benefit, when animals exercise agency, they are able to make choices that
can benefit their welfare. As we noted above, exercising agency is tied to an animal’s needs
and preferences. Some very influential work in animal welfare science emphasises the
importance of considering animal preferences [17,18]. Insofar as we take these to be linked
to welfare (i.e. that what an animal needs and wants will typically be associated with
valenced affective experiences), then animal agency can improve animal welfare by being
better able to provide animals with welfare-enhancing conditions. Animal welfare science
aims at discovering what conditions (e.g. food, shelter, social groups) are best for animals;
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but this is still a young science, and a difficult one. It is not always easy to determine what 95
is best for an animal, and in many cases it may be easier to allow them to decide for 96
themselves (e.g. through providing choice of several shelters or substrates). This can also 97
better account for differences between individuals, or changes in a single individual 98
across time. However, this approach must always be taken with caution, as animals can 99
choose according to their short-term desires while leading to their longer-term detriment 100
(e.g. overconsumption of less healthy food options)!'. Caregivers must also use their 101
knowledge to appropriately constrain and guide animal choices when welfare is at risk, 102
but this does not preclude the provision of choice wherever possible and practical. 103

As captive environments necessarily restrict the options and control available to captive 104
animals, animal-computer interactions are one important way in which animals may be 105
given increased agency in captive environments. Animal-computer interactions refertoa 106
range of technological innovations that allow animals to directly interact with computers 107
or similar digital technologies, not just responding to but also able to have input into the 108
actions of computational devices, to perform actions such as choosing resources or 109
activating environmental features [19,20]. These include screens, physical objects (e.g. 110
buttons, toys), tracking technologies, and wearable technologies, among others [20]. In 111
this paper we will explore how ACI can enhance opportunities for animal agency and 112
through doing so also improve animal welfare, in contexts such as farms, zoos, research 113
laboratories, and domestic pets. It is not our intention here to provide a comprehensive 114
review of the use of such technologies (see [20] for a thorough review), but rather to take 115
some illustrative examples and examine them through the lens of how they might 116
contribute to the growing interest in the role of animal agency for welfare improvements. 117

The rest of the paper will proceed as follows. In Section 2 we will look at how ACI 118
promotes agency (and welfare) through enabling the animal to have choice and control 119
over its environment. In Section 3, we will look at the potential social benefits of ACL. In 120
Section 4, we will look at the benefits of ACI when used for cognitive challenge, such as 121
through the provision of computer games. In Section 5, we will discuss some potential 122
limitations of the use of ACI to enhance animal agency and welfare, and how they may be 123
overcome. Finally, Section 6 concludes the discussion and points to some potential future 124

research directions. 125
126
2. Environmental choice and control 127

The first, and possibly most important, role for ACI in enabling animal agency and 128
enhancing welfare is through providing the animal with choices and control over their 129
environment. As we have discussed in Section 1, this could have both direct benefits in 130
terms of the positive feelings attendant with agency and indirect benefits in terms of 131
allowing the animal to select what they want, when they want it, without needing to wait 132
for the schedules of caregivers. Much of the work in this area has taken place in zoos, 133
following the pioneering work on ‘behavioural engineering’ by Hal Markowitz [21,22] 134
who implemented a range of novel technological solutions for improving animal housing 135
and husbandry, giving animals choice and control within their environments. However, 136
even the basic ‘Skinner’ boxes popular in laboratory animal research since the early 20th 137
century, giving animals such as rats and pigeons control over lights, sounds, or food 138
through interaction with buttons or levels [23], are a precursor to more complex forms of 139
animal-computer interaction. 140

1 We thank an anonymous reviewer for highlighting this point.
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One way this can work is to give animals choices about their environmental conditions. 141
Use of buttons or sensors can allow animals to choose, for example, the temperature and 142
light levels within their environments. This allows them to solve their own problems (e.g. 143
thermal discomfort) without the need for outside input from caregivers. They could even 144
potentially be given choices over which habitats to occupy or trails to explore through use 145
of RFID tags or similar devices [24]. Rhesus monkeys (Macaca mulatta), for instance, have 146
been shown to be able to detect available choices [25-28]. Although this type of technology 147
has typically been adopted within zoo settings [24,29] it could be at least as valuable in 148
settings such as farms, where animals often have minimal choice over their conditions of 149
living; however there will obviously be limitations for animals living in large groups who 150
may have differing preferences at any one time. 151

Animals can also be given options for environmental enrichments such as choices of 152
ambient noise, or videos to watch. Although it is not uncommon for caregivers to provide 153
auditory enrichments such as music or nature sounds [30], these are typically played 154
directly into the enclosure without any say from the animals about what they want to hear, 155
or whether they want any additional sound at all. Some research on provision of optional 156
video or audio enrichment (in this case, saki monkeys [Pithecia pithecia] ‘opted in” by 157
entering the tubes with the video or audio playback) showed that the animals would 158
frequently choose to engage with these, and would select noises that the experimenters 159
had not expected them to like (e.g. traffic sounds) [31,32]. This last point is important, as 160
it demonstrates the indirect value of giving the animals agency - animals may have 161
preferences that surprise us and that we have not anticipated; and these preferences may 162
change over time. Using ACI allows animals to choose when and what they experiencein 163
line with their own (potentially changing) desires. 164

A similar point holds for animals being able to activate various enrichment activities, such 165
as showers or automated brushes [24]. Activities that rely on the presence of caregivers 166
will be restricted by the (typically very busy) work schedules and may cause animals 167
frustration when they have to wait for something they want. Many animals enjoy being 168
sprayed with a hose, for instance, but have to wait for a caregiver to have time to provide 169
them with this. Using ACI to allow animals to activate such activities (e.g. a sensor or 170
button to switch on a shower) [24] allows them to choose when and for how long they 171
participate, without being restricted by caregiver schedules. Access to automated brushes 172
that do not rely on farmer presence have positively impacted cow welfare, with research 173
showing they will work as hard to access these brushes as they will for fresh food [33]. 174
Automated milking systems that allow cows to choose when they are milked can similarly 175
increase cows’ agency [34]. Allowing animals to have the experiences they want or need 176
at the time they want them, can therefore have both direct and indirect welfare benefits. 177

This is especially important when considering the long hours most animals are left alone 178
without caregivers present - overnight for farm, laboratory, and zoo animals and during 179
the day for many domestic pets - when many activities are otherwise unavailable to them. 180
Computer-activated feeding devices could even allow animals to choose when they have 181
their food delivered, rather than waiting on caregiver schedules. Brando and Buchanan- 182
Smith [35] have emphasised the importance of a ‘24/7" approach to animal welfare that 183
provides for animals’ needs throughout the whole of their day, even when caregivers are 184
not present. Particularly for nocturnal animals, overnight provisions may be more 185
important than those during the day. ACI can allow animals to access what they need 186
overnight, including ongoing feeding, even when caregivers are not present. 187

188
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Finally, some forms of ACI may even allow animals to more directly communicate their 189
needs through use of ‘interspecies communication devices’, such as lexigrams produced 190
by chimpanzees (Pan troglodytes) (see [36] for a review). This is an especially important 191
usage of ACI because it goes beyond the natural means animals typically have available 192
to them to express their preferences and needs. Preference tests using touchscreen are the 193
most obvious development in the literature and have shown promising results for 194
practical applications across a range of species in laboratories and zoos [37-39]. Indeed, 195
touchscreen tests may overcome some of the biases present in manual preference tests, 196
such as the risk of cuing the animals to a particular option [37]. Preference tests have 197
been implemented in species as diverse as American black bears (Ursus americanus) [40] 198
and several species of turtles [41]. Auditory preference tests have also been conducted in 199
gorillas (Gorilla gorilla) [42]. Other promising examples have been the use of ‘soundboards” 200
with dogs [43]. These boards allow dogs to push a button to produce basic words (e.g. 201
food, water, outside). Some dogs have been shown to understand a large number of words 202
and can competently produce [44] and respond [45] to them appropriately. Although it 203
has long been established that dogs can learn and understand a wide range of human 204
words [46], until recently they have not had the capacity to produce words in return. These =~ 205
technologies provide a means by which animals can directly communicate to their human 206
caregivers. Unlike some technologies that merely aim to interpret the usual vocal outputs 207
of animals [47-49], these engage the agency of the animals - they can choose if and when 208
to produce the words, and choose what they want to say. While the research is still new 209
and the results need to be replicated and confirmed, it seems undeniable that at the least 210
the dogs are able to communicate some basic needs such as a desire for food, water, play, 211
or to go outside. The ability to communicate one’s needs to another is a powerful agential = 212
tool, as it allows one to exert some control over the behaviour of others. Giving this tool 213
to animals may have the direct benefits of having them feel this sense of agency within 214
their interactions with caregivers, as well as the indirect benefits of receiving what they 215
want or need when they want it, rather than when a caregiver makes the decision on their 216
own. As humans are often busy and can miss many cues given by animals, direct 217
communication circumvents some of the problems of human fallibility. It could also 218
enhance agency within social interactions more generally, another benefit to which we 219

will now turn. 220
221
3. Social agency 222

A second similar role for ACI in enabling animal agency and welfare is through providing 223
social choice and the attendant benefits. For many animals, interactions with conspecifics 224
(or with keepers/handlers) is a central part of their welfare experience. The Five Domains 225
framework has recently been updated to emphasise the importance of these types of 226
behavioural interactions [6]. Using ACI to give animals more control over their social 227
interactions could thus be another important way of improving their welfare, especially 228
in laboratory settings where animals sometimes lack social contact 229

One example of this is the use of video technology to allow animals at different institutions 230
or even different parts of the world to call and interact with one another. This has already 231
been trialled with pet parrots. Parrots are social animals, and when kept alone can suffer 232
for the lack of companionship with conspecifics. The video calling technology allows the 233
birds to select a social partner and place a call to them to view and communicate with one 234
another over the video link [50]. The birds have agency over who and when they call, and 235
although this study did not include the option, it would be relatively simple to allow birds 236
to decide whether they want to receive a call. This allows them to make decisions about 237
the social interactions they engage in. Other devices have allowed dogs to call their 238
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owners when they are away from the house [51]. Similar initiatives could be used for other 239
species, particularly social species that have had to be kept alone for medical or 240
management reasons. Work in laboratory mice has demonstrated a preference for 241
watching videos of conspecifics engaging in social interactions [52], which may also have 242
social welfare benefits, especially where animals are provided with choice over whether 243
and when to watch such videos. 244

However, we would caution (as we will detail in Section 5), that this should not be seen 245
as a replacement for the provision of appropriate social groups, but rather a remedial 246
measure for improving welfare during periods of unavoidable isolation (e.g. when an 247
animal is unwell, is awaiting a companion, or cannot be integrated into another social 248
group), or an enhancement on top of normal forms of social interaction. 249

Another way in which ACI could be used to enhance animal welfare and agency along 250
the social dimension is through providing methods that allow animals to choose their 251
social companions. For example, use of sensor-activated doors (e.g. RFID chips, as 252
mentioned in Section 2) can allow animals to choose when they enter an enclosure with 253
conspecifics and when they spend time alone, without others being able to follow them. 254
Females could choose if and when they have access to males inside or out of breeding 255
season. There is even the possibility of animals being able to select - say through a touch- 256
screen setup - which caregiver they would prefer for their daily care (though of course 257
this will be restricted by limitations on staffing flexibility). As an anecdotal example, HB 258
used to work with a solitary-housed chimpanzee who received her main social contact 259
through time spent with keepers - having the option to signal to the keepers (e.g. through 260
a button) when she wanted someone to visit her and who she wanted, may have helped 261
her feel more in control of her social experiences. Some zoos have also employed 262
technologies that allow animals to interact with visitors, such as competition between 263
animals and visitors, or spraying them with jets of water or puffs of air [29]. Facilitating 264
an increased range of social interactions and giving animals agency over how and when 265

they occur, is therefore an important potential welfare benefit of ACIL 266
267
4. Cognitive challenge 268

A final role for animal-computer interaction is the provision of cognitive challenge, 269
through computer games for animals. Although this may seem unusual, many of the 270
welfare benefits animals derive from interactions with computers are likely to come in the 271
form of satisfying a desire for curiosity and exploration (i.e. the SEEKING system; [53]) 272
that also provides them with cognitive stimulation. Indeed, in much of the research on 273
choice and control via ACI, animals do seem to enjoy the exploratory aspects of exercising 274
their agency, rather than via mere choice alone. 275

Notably, animal-computer interactions have been used in laboratory research 276
(particularly for primates) for over 50 years [54,55], so it should not be surprising that 277
these have developed to a sufficient level of complexity to earn the label ‘computer games 278
for animals’. When voluntarily interacting with computer games, animals are exercising 279
their agency in choosing how to spend their time. Indeed, some animals such as sun 280
bears (Helarctos malayanus) show a preference for computerized enrichment over other 281
forms of enrichment [56]. The cognitive challenges can also help in building competence 282
in the form of cognitive and behavioural skills that can later be applied to other challenges 283
and increase the range of behavioural options available to the animal, further enhancing 284
agency [1,3,57,58]. This is similar to the role of play for young animals. Animal ‘computer 285
games’ could thus provide an ideal form of enrichment, enhancing welfare through 286
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challenge and the exercise of agency. Additionally, use of cognitive games could not only
enhance animal welfare but also tell us a lot about the cognitive abilities of animals in
laboratory/research settings. Indeed, cognitive and psychological testing in laboratories
has been one of the primary drivers of the initial development of animal-computer
interaction technologies. We might see, for instance, animals surpassing new challenges
previously assumed to be beyond their cognitive abilities, challenging preconceptions
about animal intelligence.

Of course, this is not as simple as just providing human-oriented computer games to
animals. Nonhuman animals have cognitive and physical differences from humans,
including in many cases the lack of appropriate bodies to interact with computers. This
then requires careful programming and design. Games designed for animals can be much
simpler than the complex computer games available for humans, while nevertheless still
counting as computer games. There are also a range of physical interface options that can
be adapted for use by animals - even dolphins have been successfully provided with
underwater keyboard systems [59]. Much ACI technology uses touch-screen interfaces,
which have been used for a long time in zoos to test animals’ cognitive capacities as well
as provide them with cognitive stimulation to improve their welfare [60]. As an example,
Zoo Atlanta successfully implemented a touchscreen in a tree of the orangutan enclosure
called the “Learning Tree”.2 Here, they were able to run “games” such as the match-to-
sample task which involves matching a choice of pictures with a central one [61]. Success
in these experiments resulted in automatically delivered food rewards. After this task,
orangutans (Pongo abelii) were presented with a paint task that allowed them to select a
colour to paint the screen without any food rewards [61]. Although in the first instance
the status as a “‘game’ may be compromised by the extrinsic rewards, in the latter example
the reward was the activity itself and is therefore arguably closer to a more pure form of
play. Related to the first role discussed in Section 2 (environmental control), touch screens
could also enable animals to choose between games to pick their favourite without any
coercion - thus further enabling their agency.

Another computer game that was successfully implemented for animals is a digital
version of Whack-a-Mole, through the use of an underwater touchscreen in a dolphin
enclosure at the National Aquarium Baltimore.? Instead of a mole, however, the dolphins
are able to interact with “swimming” fish on a screen. Overcoming the limitation of
requiring physical touch, researchers have created acoustic “touchscreens” that operate
via echolocation [62]. This means that animals less reliant on vision and touch, such as
bats, may also be able to play similar games. Different animals have different internal
models of the world (umuwelts) arising from their varied perceptual capacities and this will
change how they experience their surroundings and interact with the environments they
inhabit. All that is needed is that we open our imagination to new forms of cognitive
games for animals very different from ourselves, with creative design options to
accommodate their abilities.

This voluntary form of enrichment is a promising solution to the boredom and
understimulation animals can face in captivity. Zoos are the perhaps perfect place to
implement such enrichment devices, with much of the research taking place in
collaboration between universities and zoos [63,64]. Lincoln Park Zoo, for instance, has
used ACI to allow Snow Monkeys (Macaca fuscata) to select their offspring names, among
other applications.* The American Society of Primatologists conducted interviews with

2 https://zooatlanta.org/orangutan-learning-tree/
3 https://www.rockefeller.edu/news/19742-researchers-create-interactive-touchscreen-dolphins/

4 https://www .lpzoo.org/pressroom/snow-monkey-uses-touch-screen-to-choose-name/
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primatologists on the potential usages of ACI for welfare and research, demonstrating the 333
potential breadth of application within zoos and research laboratories.> Researchers have 334
even used computers to give animals the opportunity to play games developed from 335
behavioural economics [65]. Capuchins (Cebus apella), for instance, have been shown to 336
fail to act prosocially in such economic games [66,67] while Western lowland gorillas 337
(Gorilla gorilla gorilla) [68] succeeded. ACI research has also been conducted in less 338
typically studied species, such as researching image discriminations in American black 339
bears (Ursus americanus) [69]. Similar cognitive challenges could be introduced in other 340
contexts such as farms or laboratories, where animals typically have fewer enrichment 341
options than in zoos. These could be additionally valuable, especially for research into 342
cognitive capacities and cognitive enrichment. 343

A further benefit of computer games for animals might be the fostering of cooperation. 344
While touch-screen tests are usually restricted to one animal, it is in principle conceivable 345
that we could implement so-called multiplayer games for animals that would require 346
them to cooperate with each other or perhaps a human (e.g. a caregiver or visitor). Thisis 347
linked to the potential social benefits of ACIL as discussed in Section 3. 348

Additional welfare benefits from computer games could come in the form of physical 349
exercise. Although computer games in humans are often associated with a lack of 350
movement, ACI setups can be designed to encourage more movement. For instance, small 351
animals may chase a moving point on a screen that is comparatively large for their size, 352
requiring them to move around. Indeed, touchscreen studies in laboratory mice and rats 353
are now quite common, perhaps unsurprisingly due to their status as model organismsin 354
research [70-76]. Motion-sensor technology, as has been used with orangutans [77], is 355
another way of moving ACI beyond a single screen and encouraging more widespread 356
movement. Physical exercise is another means of developing competence for future 357

agency, as described above. 358
359
5. Possible problems and limitations 360

From our discussion throughout this paper, it should be clear that ACI holds many 361
potential benefits for animals in terms of enabling agency through choice and control over 362
environmental conditions and social interactions, as well as providing cognitive 363
challenges. This of course does not mean that there cannot be any problems with it or 364
limitations to its implementation. Nevertheless, we shall argue in this section that 365
arguments against the use of ACI do not succeed; and that careful design and ongoing 366
research can overcome many of the limitations. 367

Perhaps the strongest objection to the use of ACl is that it is bad for animals, in the sense 368
of making their lives less natural. This comes from one of the common definitions of 369
welfare as consisting in the living of a natural life in accordance with the evolved ‘telos” 370
of the species. We think this is unwarranted, as simulated environments can bring many 371
of the benefits of real environments and therefore constitute a great opportunity for 372
increasing animal agency and welfare. Furthermore, as we alluded to earlier in this paper 373
we do not think that the idea of naturalness being a part of welfare, while popular, has 374
merit. There has been a lot of work aiming to show why naturalness should not be 375
considered an intrinsic component of welfare, but should rather be considered 376
instrumentally valuable [5,81,82]. Concerns for naturalness likely arose as a response to 377
animals housed in appallingly impoverished conditions - such that the wild seemed 378

5 https://asp.org/2024/05/29/touchscreens/
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idyllic in comparison - but this does not have to mean that a completely natural life is the 379
best life for an animal. Animals housed in captivity can benefit from many of the 380
“unnatural’ interventions provided, such as treatment of diseases and parasites, shelter 381
from climatic extremes, and ongoing access to food and water sources. Focussing on the 382
affective states the animal experiences shows that neither captivity nor a ‘natural’ life in 383
the wild are inherently better; what matters is the provisions for the animals’ needs. 384
Thinking about zoos: while animal enclosures were historically quite barren and small, 385
significant efforts have been made to provide animals with various forms of enrichment 386
to keep them engaged. It is even possible that animals in captivity could have a more 387
enriched life than most wild animals if sufficient effort is made to provide the necessary 388
resources and opportunities. Though it is of course true that many captive environments 389
are both unnatural and impoverished, we take the latter to be the primary problem and 390
ACI to be one of the solutions. 391

A related problem to concerns about naturalness is that ACI technologies may be 392
unpopular with visitors or the general public. Particularly in zoos, there is often a worry 393
about using unnatural forms of enrichment where visitors can see [83]. It is well 394
established that naturalistic enclosure design is important to zoo visitors [84-89] and this 395
then raises the concern that unnatural additions could reduce the sense of immersion and 396
the idea that an enclosure is representative of the environments these animals may have 397
been surrounded with in the wild. However, such worries appear to be misguided. 398
Researchers have found that zoo visitor attitudes towards the use of a touch-screen 399
embedded in a tree were actually highly positive, evaluating it as both acceptable and 400
likely to improve animal welfare [61]. Perhaps large, overt unnatural objects may createa 401
more negative response , but this can easily be accommodated by trying to implement 402
ACl in as naturalistic a manner as possible. Again, careful design that takes into account 403
both the needs of the animal and of the institution is key. 404

In line with this is the fact that ACI is designed by humans and can thus have inherent 405
biases toward human, rather than animal use. Several researchers have raised concerns 406
that as animals are not able to participate in the design of ACI technologies, these could 407
become exploitative [64,90,91]. Even when they are designed with the aim to improve 408
animal agency and welfare they may still only reflect what humans think is best for the 409
animals rather than what the animals themselves want or need [64]. Yet, though we think 410
this concern is worth taking seriously, we believe that these worries are overblown. 411
Discussions of ACI are already taking very seriously the importance of considering the 412
perspective of animals as key stakeholders [19,92]. For instance, Webber et al. [57] are 413
directly responding to this worry in their call for “animal-centric technology design” that 414
takes the animal’s point of view. While we have to be careful when considering the 415
animals’ point of view, it is not true that we cannot get any input from animals regarding 416
the design of ACI. Non-linguistic reports can still be valuable and there are methods 417
developed from animal welfare scientists using interpretation of animal behaviour to 418
better understand animals’ interests. It is therefore entirely possible for ACI designers to 419
pay attention to animals in the design and refinement of prototypes for ACI technologies. 420
Additionally, this technology can be useful for gathering data about animals. This is 421
valuable both for humans (in terms of increasing knowledge) and animals (when the 422
knowledge gained can be applied to improved husbandry and welfare), and ideal design 423
should facilitate this. 424

Fundamentally, there is no difference between ACI and other technologies in regards to 425
this risk. There is no real alternative to taking a human perspective of trying to understand 426
what is best for the animals; though ACls themselves may help provide part of the picture, 427
in an iterative process. What matters is to ensure we do not just assume what animals’ 428
interests are without investigating, but put careful time and effort into understanding the 429
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animal end-users. There needs to be a prime directive for ACI, that it should be 430
fundamentally designed with animal welfare in mind such that this technology is 431
primarily for the animals themselves. This also needs to take into account the differences 432
between individuals, not just species. However, through providing choices, well- 433
designed ACI can better account for individual differences than many other traditional 434
methods of provision. 435

Another potential problem is that ACI could be used in place of other more important 436
welfare provisions. We raised this concern in Section 3, when discussing the social side of 437
ACL If ACI was used to provide animals with digital playmates instead of real 438
conspecifics, this could be an overall harm to the animals. The same is true for replacing 439
other ‘real’ activities, such as providing computer games in place of physical or 440
behavioural challenges. This is why it is important for ACI to be treated as an addition to, 441
rather than a replacement for, other important factors that can improve animal welfare. 442
This can also help prevent potential behavioural, cognitive, and developmental problems 443
that might arise from an overuse of computer interactions. Just as with children, one may 444
limit an animal's screen time following research to determine what is safe or optimal. 445

Time limitations would also help allay concerns that animals could end up forced to ‘play’ 446
computer games or engage in ACI more generally in order to receive access to food or 447
other valuable resources. It would be a bad outcome if animals were to be trapped in the 448
equivalent of Skinnerian operant conditioning chambers in which they have to performa 449
desired task to receive food. This would end up doing the opposite of what is intended, 450
reducing the choices available to the animals and their opportunities for agency. However, 451
we do not see this as an issue - many ACI initiatives in zoos have shown animals will 452
engage with touchscreens or other technologies even when food is not withheld. Indeed, 453
we mentioned the phenomenon of contrafreeloading in Section 1, where many animals 454
seem to prefer working for food rewards rather than getting food for free [13,93], and the 455
same has been observed for ACI [61]. So long as the animals have both options, there is 456
not a problem. Again, it should be a supplement to rather than a replacement for other 457
means of acquisition. 458

On the opposite end are the worries that ACI may be too desirable and where typical 459
interfaces can only be used by one animal at a time, this could lead to agonistic behaviours 460
and worsen social relations in groups [61]. This was observed to some extent in 461
orangutans (Pongo pygmaeus), who showed aggression around ACI, leading researchers 462
to recommend these tools as perhaps best suited for solitary animals [94]. Nevertheless, 463
some of the same researchers noted in a different paper that these challenges can likely be 464
overcome if there are sufficient alternative enrichment opportunities “in the environment 465
(e.g. foraging, social interaction, watching the public, etc.)” ([61], p.29). Other forms of 466
careful implementation could offset this effect, such as having multiple devices available, 467
or setting limits on how long different individuals can use devices before they are locked 468
out (using individual recognition). Again, it is crucial to think about the typical behaviour 469
of the animals in the design phase, and use prototype testing and refinement to identify 470
and overcome any such issues if they arise. 471

The final set of problems refer to the pragmatic constraints on implementing ACI on-site. 472
First, the technologies are likely to be expensive and many institutions housing animals 473
lack funds for such extras. A survey of zoo professionals indicated cost to be the primary 474
barrier to implementing such technologies [29]. For contexts such as farming, introducing 475
costly technologies could raise prices beyond what consumers are willing to pay, making 476
them non-viable. The added financial pressures of using ACI could increase stress on 477
institutions who feel like they need to introduce these to meet their ethical duties to their 478
animals, or price them out of the market. However, we think these are manageable 479
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problems. ACI technologies can range from simple to complex, and not all institutions 480
need to implement all of them. Rather, they can focus on what is affordable for their 481
context. Zoos already invest in environmental design and enrichment and as we believe 482
welfare should be the ultimate aim of zoos [89] this investment is worthwhile. Research 483
has also shown that visitors pay attention to animal welfare [95] and this also therefore 484
makes good business sense. It is also important to note that ACI is not the only option 485
available and animals can also be provided with other opportunities to engage their 486
agency, choice, and control. It is valuable, but not necessary, for improving welfare. 487

Second, it can be difficult to design ACI in a form that allows the animal to safely interact 488
with it, without breaking the device and/or putting themselves at risk. Many animals are 489
large and strong and can easily break objects designed for humans, such as tablets. This 490
requires careful design and prototype testing before allowing animals unsupervised 491
access, further adding to expense. The requirement for specialised staff to maintain and 492
repair damaged equipment can also be costly [29]. This therefore largely falls under the 493
financial concerns already discussed; as well as providing further emphasis on the need 494
for careful design and prototype testing with an eye for the capacities and needs of the 495
animals [57]. 496

Overall, ACI has some problems and limitations that need to be considered in contrast to = 497
the hype surrounding these technologies. But as we have shown here, many of these can 498
be overcome and those involved with animals should have an open mind about how ACI 499

can be used to enhance animal agency and welfare. 500
501
6. Conclusion 502

We hope to have demonstrated in this paper that animal-computer interaction (ACI) bears 503
great potential to improve the welfare of animals by enhancing their agency as well as to 504
offer us opportunities to learn about their cognitive abilities. We have discussed three of 505
what we consider the most promising pathways. 506

First, ACI can provide animals with control over their environments as well as the 507
opportunity to engage in more choices. Typically, animals in captivity have limited 508
control over their environments, which can cause frustration and boredom, compared to 509
the environments of wild animals. Here, ACI could even go beyond these environments 510
by giving animals the opportunity to engage in more choices and have more control than 511
is possible for their wild counterparts. Further, as caregivers necessarily spend only 512
limited time with their animals, ACI can provide animals with round-the-clock 513
enrichment opportunities they would otherwise lack. 514

Second, we have discussed the benefits of ACI in enhancing animals’ social agency. 515
Although use of such technology might seem solitary at first, it has already been applied 516
in several contexts to enable communication between animals across different sites as well = 517
as communication between animals and their caregivers. 518

Finally, we discussed the possibility of computer games for animals as a form of cognitive 519
stimulation. What may initially sound absurd has in fact already been a wide success. 520
Many of the computerised tasks developed to probe the cognitive abilities of other 521
animals can already be considered as legitimate games, such as whack-a-mole or matching 522
games. These games can provide animals with an opportunity to exercise their agency 523
and cognitive control to improve their welfare and develop competence to face future 524
challenges, among other benefits such as the potential for physical exercise. 525
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While there are potential problems and limitations to ACI, we have argued that many of
these have been exaggerated and can be overcome. Particularly for novel applications in
zoos, farms, and companion animals, paying attention to the longer history of ACI in
laboratory research (e.g. through use of computer game tasks) could help solve problems
of design and implementation. For a technology that is still in its infancy there is much
promise here to improve animal welfare by allowing animals to exercise their agency
across a range of domains. Ongoing research and development in ACI should bear this in
mind, maintaining a focus on centering the animals as agents and how they can benefit
from using the technology.
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