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Digital technologies offer new ways to ensure that animals can lead a good life in managed settings. As interactive enrichment and smart environments appear in zoos, farms, shelters, kennels and vet facilities, it is essential that the design of such technologies be guided by clear, scientifically-grounded understandings of what animals need and want, to be successful in improving their wellbeing. The field of Animal-Computer Interaction proposes that this can be achieved by centering animals as stakeholders in technology design, but there remains a need for robust methods to support interdisciplinary teams in placing animals' interests at the heart of design projects. Responding to this gap, we present the Welfare through Competence framework, which is grounded in contemporary animal welfare science, established technology design practices and applied expertise in animal-centered design. The framework brings together the “Five Domains of Animal Welfare” model and the “Coe Individual Competence” model, and provides a structured approach to defining animal-centric objectives and refining them through the course of a design project. In this paper, we demonstrate how design teams can use this framework to promote positive animal welfare in a range of managed settings. These much-needed methodological advances contribute a new theoretical foundation to debates around the possibility of animal-centered design, and offer a practical agenda for creating technologies that support a good life for animals.
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INTRODUCTION

Digital technologies offer new ways to ensure that animals in human care can lead a good life across a wide range of contexts. These contexts include, for example, zoos, farms, domestic settings, kennels, stable facilities, veterinary hospitals, animal shelters, research facilities, and wildlife sanctuaries. Such sectors are rapidly increasing the use of animal-centric devices such as wearable tracking devices, digital enrichment, automated feeders, robotic gates, and milking machines. In many settings is also common for carers and other humans to use technological devices as part of animal management and care, which may impact on animals and on human-animal interactions. These include data gathering devices, veterinary equipment, communication systems including screens and audio-visual equipment. However, in designing for animals' physical and mental wellbeing, a significant challenge lies in “centering” the animal—that is, identifying and prioritizing design objectives from the animal's viewpoint. Historically, design for animals has been guided by the drive for efficiency, economic gain, the preferences and goals of human carers, and by tradition or common practice, rather than by understandings of animals' ancient evolutionary nature and welfare needs. For example, although zoos have a long history of creating naturalistic environments, their design is often heavily influenced by visitor experience objectives, the practicalities of cleaning and animal management, and by the practice of imitating or improving on existing exhibits at other zoos. In the animal production sector, technological innovation may respond primarily to industry standards and to commercial pressure to increase efficiency and productivity.

Animal-centric goals are essential as a focus in design projects, to ensure that technology interventions' outcomes promote life-long mental and physical wellbeing for animals. The emerging discipline of Animal-Computer Interaction (ACI) proposes that design of technologies can achieve an animal-centered orientation and uncover new opportunities for technology to contribute to a good life for animals, by adapting the processes and methods of interaction design, as used in human-centered innovation projects (1–3). However, a core challenge of this approach lies in identifying what animals “need” or “want” (2). On the other hand, animal welfare scientists and designers of environments for animals (such as zoos, shelters, farms, and kennels) have a strong understanding of what is required to address animals' essential welfare needs but may miss opportunities to deploy design practice as a way to learn more about animals' preferences and about the potential benefits of digital technologies to animals. Increased understanding of animal sentience has highlighted the importance of enabling animals to be active agents in their lives. This emphasizes the need for opportunities for animals to develop independent competence within managed settings, which technology can support in novel ways. Our aim is to build on and advance ACI research toward a methodology that includes animals as key collaborators in multi-stakeholder design projects. To date, recommendations for conducting animal-centric design projects have been fragmented, and have not addressed the critical issue of how animals' wellbeing goals can guide a project from its outset. The purpose of this paper is to address this gap by proposing a framework for designing technology to promote a good life for animals, which integrates interaction design practice with models of animal welfare and design for animal competence.


A Good Life for Animals

To successfully design for animal wellbeing, a clear understanding of what constitutes a good life for animals is required. The concept of animal welfare can be considered equivalent to quality of life and wellbeing; an animal's welfare status is informed by many facets of its life and can vary from very poor to very good (4). The subjective experience of an individual animal is influenced by how the conditions in which it lives impact its affective state (5–7). That is, what does the animal need to do to cope and thrive in life, and how does that make the animal feel? Considering positive welfare, or a good life for animals as “enjoying good health (having what they need) and having access to what the animals themselves want, while also liking what they have” provides a modern, animal-centered perspective on what is meant by animal welfare (8).

Recent advancements in animal welfare science demonstrate evidence from areas such as neuroanatomy, comparative cognition, and physiology that has established the sentience of animals. This means that vertebrate animals and a growing number of invertebrate animals (e.g., octopus and lobster) can consciously experience awareness and different feelings such as pain, joy, frustration, loneliness and comfort. Understanding that animals are sentient requires us to identify the needs of animals as a significant moral obligation. This is particularly true for animals kept under human care, where environmental, social and behavioral opportunities are often restricted (9, 10). This is reflected in the recent recognition of animal sentience in legislation globally, and shifting community attitudes of concern toward animals and the industries that manage or interact with them (11). These new understandings of animals' sentience imply that humans should ensure that the animals they care for enjoy a good life, going beyond the minimization of negative experiences such as harm or discomfort. As part of this shift toward ensuring positive experiences, there is growing attention to the value of exercising agency, building competencies and appropriate levels of challenge as important contributors to wellbeing of animals in human care (12–14).

Historically, the management of animals has been anthropocentric. Across modern animal care settings, the attitudes and consequent behaviors of people responsible may not align with the animal welfare evidence base or animal preferences (15). In response, some people have proposed that the animals must change to cope with the settings people have placed them in; that there is a need for animals to be resilient to cope with welfare challenges and robust to maintain productivity without compromise (16). An alternative strategy, which aligns with the change in community attitudes toward animals, is to seek new ways to care for animals in managed settings that prioritize their wellbeing. Where practices relating to animal care and management have been shown to conflict with community expectations, industries have experienced significant interruption or termination of their social license to operate (17). For example, community concerns about animal welfare played a substantial role in the reshaping of zoos (18) and have recently had considerable impact on the use of exotic animals in circuses (19) and greyhound racing (20). Similar shifts are now occurring in public attitudes regarding farm animal welfare (21), which has substantial implications for the sustainability of animal production (22, 23). The importance of promoting positive welfare has relevance for the horse racing sector (24) and for working dogs, as reflected in official standards for security and detection dogs (25). Taken together, these points highlight the need to provide all animals under human care with a good life, by creating environments, equipment and systems centered on animals, aligning with community expectations and modern scientific understanding of critical factors such as animal sentience.



Designing for Animal Wellbeing

Sectors in which animals are managed, notably zoos and farms, have a history of designing built environments to meet essential welfare needs. Standards of care for animals' environments have traditionally been based on the “Five Freedoms” principles of animal welfare, which arose from the livestock-focused Brambell Report (26, 27). The Five Freedoms principles aimed to provide animals with “freedoms from” negative conditions and suffering: 1) Freedom from hunger and thirst and malnutrition (through ready access to fresh water and adequate diet to maintain full health); 2) Freedom from discomfort (by providing an appropriate environment that allows for shelter and rest); 3) Freedom from pain, injury or disease (by preventative health care and/or provision of rapid diagnosis and treatment); 4) Freedom to express normal behavior (through provision of sufficient space, resources and social interaction); and 5) Freedom from fear and distress (by providing conditions and treatment which avoid mental suffering). These principles guided the provision of a minimum baseline of acceptable welfare which should be met in the design and management of farms and other settings.

As scientific understanding and societal concern regarding animal welfare have grown in recent decades, new methods to consider and assess animal welfare have emerged. These modern methods have influenced the provision of environments and resources in some settings, including good, modern zoos (10, 28). The current animal welfare models recognize that animals should feel well, be biologically functional and lead reasonably natural lives (29, 30). The assessment of animal welfare is today most commonly informed by the structured Five Domains of Animal Welfare Model (7). The Five Domains offers a systematic way to assess indicators of internal and external physical and functional states, environmental conditions and how these then influence the subjective mental experiences of animals. Unlike the older Five Freedoms, the Five Domains Model combines “freedom from” and “freedom to” by considering both negative and positive mental states. This model provides a valuable tool for assessing and remedying existing facilities and programs, but does not specifically address the issues of promoting animal competence, generating animal-centric design requirements or including animals in design practice.

There has been increasing recognition that species-specific strategies and interventions are needed to improve the lives of animals. Such strategies include being required to “work” for their food (31), creating opportunities to exercise highly-motivated natural behaviors, variation of the environment and addition of sensory stimuli, and allowing animals some degree of independent control over their lives. Many of these strategies can be achieved through “environmental enrichment,” which takes many animate and inanimate forms, including “occupational” enrichment such as food puzzles, control of the environment and physical exercise; “physical” enrichment from interacting with complex environments including structures and appropriate substrates; “sensory” enrichment, including visual, auditory, and olfactory stimuli; “nutritional” enrichment through variation of delivery, food type and challenging presentation; and “social” enrichment comprising interactions with other animals and with humans (32, 33). In recent decades, zoos, aquariums, and similar facilities have pioneered the design, creation, and evaluation of enrichment (34, 35). The use of enrichment has demonstrated benefits to animal welfare for animals living in a range of contexts, including laboratory, farm, zoo, aquatic, and kennel environments [e.g., (15, 32, 36–38)]. Important considerations in the design and provision of enrichment are that it should be relevant to the animal's “behavioral needs” (39), and context (40), and that it should provide appropriate levels of challenge (41). Enriched and challenging environments play an important role in enabling animals to gain competence, including flexible problem-solving skills and mastery in specific tasks (12). To develop competence and exercise agency, an animal must be exposed to novelty, broad sensory experiences and opportunities for learning through interaction. Through gathering environmental information, exposing themselves to risk and training their capabilities through exploration and play, animals build the ability to solve problems that are meaningful to them, with respect to their ecological niche (12). Indeed, opportunities to develop competence may play a significant role in addressing ethical and welfare concerns associated with keeping animals in managed settings (14).

The potential for technological devices to contribute to animal wellbeing was explored as early as the 1970s, notably by Markowitz and colleagues at Portland Zoo. As cognitive enrichment for primates housed in barren environments, Markowitz created installations which required animals to push specific buttons or levers in response to artificial stimuli such as lights, or work to obtain tokens which could then be exchanged for food rewards (42). Operant training was used to shape animal behavior and teach animals how to play the games (42). In cognitive research programs, primates and other animals have long used technologies such as joystick-controlled computers and touchscreen interfaces (43, 44), and there are claims that this type of activity can be enriching for animals (44). In recent years, researchers have explored the potential of using sensor-based technologies to provide animals with greater variety, and more opportunities for active interaction and agency in their environment (45–48) and to offer substitutes for natural behaviors, such as hunting live prey (49). In parallel, there has been a rapid uplift in the potential for conducting digital monitoring and tracking of animals in zoos, farms and other settings, using animal-attached sensors, bioacoustics (50), video-based analysis (51, 52), and other technologies embedded into animals' environments. Technologies such as precision agriculture systems are generally grounded in the needs of human stakeholders and the aims of improving efficiency and productivity, but can also contribute to animal welfare goals (53), and be designed with consideration of the needs of animal stakeholders (54).



The Challenges of Animal-Centric Design

With the increasing use of digital technologies for and with animals in a range of settings, there is an urgent need for technology design methods which can account for and respond to the needs and interests of animals and, at a minimum, ensure that there are no negative impacts on animal welfare. The field of ACI addresses this challenge, investigating how animal-centric digital technologies can best contribute to a good life for animals, and to develop relevant methods and theories to achieve this. A commonly cited aim, formulated by Steve North, is that ACI would “build only what they [animals] want or need” (55). Researchers from animal sciences have drawn attention to the breadth of opportunities that interactive technologies offer for enhancing animal welfare (56). However, there is a risk that such interventions can introduce unintended harms, or inadvertently promote misconceptions about animals' needs, if they are created without inclusion of appropriate expertise and careful attention to the genuine needs and interests of the animal (59). Limited attempts to include the perspective of the “non-verbal other” (60) in design entails the risk of attributing desires to an animal which correspond with preconceived notions of what animals need or want (59). North has also drawn attention to the risk of “unconscious projection of personal design priorities and enthusiasms” onto “voiceless co-designers” (55) as part of a call for robust, interdisciplinary methods for ACI design and research.

As an interdisciplinary field, ACI has applied a variety of theoretical and methodological lenses to the question of how we can elicit and respond to animals' requirements in designing digital technologies. Mancini's manifesto proposed that user-centered design methods, commonly used by interaction designers and human-computer interaction researchers, could be used alongside methods and knowledge developed in animal sciences, to access an animal's perspective (1). One approach for formalizing an animal-centric design process, the “Agility, Welfare as value and Animal eXpert involvement” model (AWAX), was devised by van der Linden and Zamansky (61). The AWAX process is initiated with specifications created by a technical team, rather than starting with what is known about the animal to identify design opportunities and objectives. French et al. draw on their experience in designing for elephants and other animals to propose a deck of “Concept Craft Cards” which are intended to support designers in envisioning ACI interventions, with prompts related to aesthetics, species characteristics, values and user experience (62). To leverage scientific and zoo-based knowledge in defining design objectives, Veasey proposes the “Animal Welfare Priority Identification System” (APWIS), an approach based on the Delphi method, in which animals' needs are identified and weighed by a panel of species experts and specialists (63, 64). It remains unclear however, how animals' needs might be incorporated into an iterative design project, or revisited as new knowledge emerges through the design process.

ACI designers face substantial challenges in imagining how an animal will respond to new interactive opportunities (65), and in crafting experiences which will be aesthetically interesting to animals (62) and be of ongoing interest and benefit. Many ACI researchers seeking to enhance animals' lives have found that animals respond to novel interventions with disinterest (66), fear (67), or active destruction (68). Such investigations can be costly and time consuming if they entail extensive work to ensure that hardware components are safe and sufficiently robust for animal use (48, 68) or require considerable training for animals to use them successfully (67). Even ACI installations which are initially used successfully can fall into disuse, suggesting that they require modification to provide ongoing meaningful benefits to animals (46, 69). This suggests that there is a need for methods which will guide designers in identifying appropriate solutions while minimizing effort and cost spent on exploring alternatives which might not be beneficial or successful.

There remains a need for structured approaches that guide interaction designers, animal scientists and carers to systematically explore animal wellbeing design opportunities, convert them into animal-centric design objectives, keep them in focus and refine them through the course of a design project. It is notable that the interdisciplinary nature of animal-centric design means that methods and tools should be accessible to interaction designers, animal experts and carers, and should help teams to communicate and collaborate despite differences in methodological backgrounds. In this paper, we draw on our cross-disciplinary experience of designing and evaluating interventions for animal welfare, and extend the prior work of designers (62), animal welfare experts (63), and computer scientists (61) to present the Welfare through Competence framework (WtC), grounded in interaction design practice, animal welfare science and expertise in world-leading zoo design. This framework is offered as a guide and support for teams of practitioners and researchers aiming to create technologies that contribute to a good life for animals.




MATERIALS AND EQUIPMENT

In this section, we introduce the existing models of animal welfare and competence, design for animals and interaction design that we employ as a foundation for animal-centered design. As a contemporary model of animal welfare focused on identifying positive welfare outcomes, we adopt the Five Domains model developed by Mellor, Beausoleil and colleagues, most recently presented in Mellor et al. (7). We complement this with the Coe Individual Competence Model (70, 71), which provides designers a structure for thinking about the long-term needs of animals in managed settings and which emerged from extensive design work in zoos and sanctuaries. The third model we deploy is the interaction design cycle, an approach to iterative, user-centered prototype-based design widely used by design practitioners and human-computer interaction researchers.


The Five Domains of Animal Welfare Model

The Five Domains of Animal Welfare Model (7) is widely recognized as a paradigm for systematic consideration of how animals' wellbeing relates to their lived experiences. The Model assesses indicators of welfare across the physical and functional domains of (1) Nutrition, (2) Environment, (3) Physical Health, and (4) Behavioral interactions, which together inform the final domain, (5) Mental State. In addition to placing Mental State at the center of animal welfare considerations, the Five Domains provides a Model that observes positive states with equal emphasis as negative states. In assessing an animal's welfare, the Five Domains Model relies on behavioral and physical indicators and resource provision to infer animal wellbeing. This acknowledges that animal welfare is experienced subjectively at the level of the individual; we must rely on these indicators as the absence of validation and consensus mean that we are not yet able to directly measure an animal's subjective welfare (72, 73). The success of the Five Domains Model is evidenced by its widespread international adoption, including by organizations such as RSPCA UK and the Zoo and Aquarium Association Australasia. It is a valuable tool for the systematic examination of the different aspects of an animal's present experiences. However, it does not provide a process for envisaging possible futures or generating solutions to deficiencies, other than identifying improvement in mental state as an indicator of success. While not a fault of the Five Domains Model, suggested solutions to compromised welfare tend to be framed as: “What can people do for the animals to improve their welfare in this domain?” rather than empowering animals to competently improve their own welfare as they prefer.



The Coe Individual Competence Model

The Coe Individual Competence model (71) was developed to provide a practical agenda for designers of managed animal facilities and enrichment to create environments which enable animals to develop competence as part of positive animal welfare. Competence can include broad capacity to address challenges and novel problems, as well as mastery in specific tasks (12). This model responds to the growing body of research which attends to competency and agency in animal wellbeing (13), and the significance of factors such as novelty, predictability, complexity, challenge and sensory experience (12).

The Coe Individual Competence model calls for animals to be offered opportunities which entail (1) Choice, (2) Control, (3) Variety, and (4) Complexity, which all contribute to the development of (5) Competence (71). With a focus on freedom to rather than freedom from as also described in the Five Freedoms principles, the Coe Individual Competence Model provides a structure to identify enrichment opportunities that can contribute to animals' ongoing development of physical, social, and mental capabilities for living a good life. Ideally, levels of competence can be compared to, but not limited to, species-typical natural behaviors recorded in the wild. For example, zoo-housed orangutans should have the strength and dexterity to be agile climbers as wild conspecifics are, but may also become competent to use symbolic language on a touchscreen computer interface if they wish. This approach is based upon providing animals with an enabling environment, and supportive training and conditioning opportunities, to develop necessary levels of competence and agency to benefit from the increased opportunities listed here. We have defined each of the foci of this model for clarity as follows.


Choice

Choice entails having opportunities to select between two or more options. Choice is provided by enabling animals to make decisions and encouraging animals to exercise agency (13). As well as being inherently rewarding (14), opportunities to choose can enable animals to address their physical, homeostatic needs, as in the case of having nutritional choices (74), and to develop the competencies they may need to access desired resources in future (13). Managed settings often restrict animals' freedom of movement and other behavioral choices (e.g., social interaction and breeding opportunities), but can be designed to provide greater access to preferred environments and experiences as compared to wild settings (14). Choice is often based upon relative, rather than absolute preference. Choices offered to the animal should remain within the limits of what may be helpful and not harmful.



Control

Increased control or agency has been proven to improve welfare (13, 75). It entails giving animals the power to influence (limit, order, or direct) behavior, actions, environment, or the course of events, enhancing individual capacity to cope with novel problems. Control is provided when animals can actively decide when, how, where and/or with whom to interact without external interference. While many animals under human care lack opportunities for control, they can derive inherent benefit from features specifically designed to allow them to say, activate showers, trigger food delivery, or change lighting (42, 70, 76). Exercising control and agency is intimately linked to developing competency, in that it enables animals to gather knowledge, develop novel behaviors and enhance skills through exploration and play, instrumental or social learning, and communication (13). The term “competency-building agency” has been used to denote a level of agency which may not deliver immediate outcomes but enhances animals' capacity for, say, more efficient foraging, or addressing future challenges (13). It should be noted that an animal choosing not to use an enrichment feature or other intervention is also exercising agency. Coe (77) has suggested that the organisms with the greatest degree of choice and control have the greatest degree of relative freedom.



Variety

Variety involves experiencing quality or states that are diverse. In the wild, animals move through a varied spectrum of environments to meet their needs and are likely to encounter changes with the seasons and over time. Variety entails novelty and is a prerequisite for building competency (12). Facing new objects, situations, events and challenges encourages “inspective exploration” and “inquisitive exploration,” and enables animals to develop flexible problem-solving abilities (12). For animals in human care, variety can be introduced by incorporating a range of physical and sensorial features, making alterations over time, or by providing access to multiple, different spaces. Variety can also take the form of different foods, varied social opportunities, and opportunities to exercise a variety of behaviors—for example, using different foraging strategies.



Complexity

Complexity involves engaging with many interrelated parts (e.g., objects, ideas, activities, environments, etc.) that may be connected in intricate and complicated ways, with no simple solution. Complexity is provided when animals find situations or tasks challenging to analyse, understand or solve and rewarding to achieve (41). The challenges presented by rich, complex and unpredictable environments demand ongoing learning. From an animal's perspective, a complex environment that is also variable is highly probabilistic: repeated attempts and intense engagement may be required to access resources, and this provides a setting where animals can build mastery and perhaps come to detect hidden contingencies (12). Animals evolved to prosper in an often-changing complexity of physical and social environments, and welfare can be compromised through boredom leading to frustration and a lack of physical conditioning and mental acuity (32).



Competence

Competence is gained by animals who achieve the functional abilities (physical and mental, innate, and learned) to be able to realize desired outcomes effectively and efficiently. In an evolutionary sense, the successful wild animal is de facto physically, mentally, and socially competent, exercising choice and control amid a wide variety of complex physical and social environments to achieve success. We suggest that offering animals in human care opportunities to engage and gain skills in these areas will help them to better manage their own lives through increased agency and competence (73). Competence requires the development of capacities along several dimensions: physical, social, cognitive capacity, knowledge acquisition (12). It allows for problem-solving and achieving desired outcomes in the short and long term. Developing competence is life-long and incremental, and need not be rushed. Competence along any of the above focal dimensions (exercising Choice or Control, and responding to Variety or Complexity) may take time to acquire, depending upon the physical, social and management environments. Progress toward competence can be evaluated using the Five Domains Model. Competence to achieve a high level of physical, mental, social, innate and learned abilities may be considered the measure of the self-actualized animal (71) in nature or in managed care (78). Competence is the set of demonstrable characteristics and skills that enable increasing agency and self-determination for the animal resulting in a good life.

Time and timing (occurrence, frequency and duration) is a factor or opportunity for consideration in each of the competence focal categories (79). For example, Choice of timing, frequency and duration of enrichment occurrence; Control of timing of occurrence, frequency and duration; Variety and Complexity of timing options could all support development the animal's Competence. Ideally, enrichment opportunities should be scheduled to coincide with the species' natural circadian rhythms rather than caregiver working hours. However, success of interventions also requires that they be feasible for animal caretakers to implement—a factor which is associated with workplace satisfaction and caretakers' mental health (80).

The design of interventions for animal competence should account for the prior experiences and competence of the animal, and should consider how competence can be augmented over time. As part of this, it is important for designers to consider how new animals will be introduced to environments in which ACI interventions have been deployed; for example, habituation, training and incremental introduction may be required. In addition, it is important to consider the exit process for animals who will be removed from an enriched environment to one in which they have lower levels of choice, control, variety or complexity.




The Interaction Design Process

Building on the approaches suggested by ACI scholars (1, 55), we adapt and extend interaction design methods, which are widely used to create user-centered digital technologies such as interactive websites and mobile applications (81). The process of interaction design entails learning about the future users of a digital product, using these insights to define what should be built, creating prototypes (rough representations or approximations), and evaluating these prototypes. A key aim of interaction design methods is to gain input and feedback from potential users and other stakeholders throughout the process. The steps are often portrayed as a design “cycle” which should be conducted iteratively, on the basis that information gained through testing early prototypes can give designers important new understandings of what should (or should not) be built, and how to build it successfully (82). This iterative approach to design contrasts with “waterfall” development methods in which all research and requirements gathering is performed upfront, before design takes place (83).

Interaction design commences with understanding users, or developing “empathy,” and learning about the problem space, i.e., the nature of the goals and issues faced by potential users, the limitations of existing solutions, and the context of use. This information, collectively, is used to define objectives for the product, i.e., to determine what should be built. Designers are encouraged to undertake creative ideation, generating multiple alternative ideas about how the objectives could be addressed through e.g., brainstorming. Ideation, especially if conducted in collaboration with future users and stakeholders, can lead to new insights about the problem, enabling the team to refine the objectives. From these candidate ideas, one or more will be selected as the basis for prototyping. As part of the iterative process of learning, the first prototypes are created with the intention that they will be thrown away, and so should be low-cost and quick to create. Early prototypes may include storyboards (84), paper prototypes (85) and “Wizard of Oz” solutions, in which the role of a future system is played by a human operator (86). These are often referred to as “low fidelity” prototypes (87): they look very different from the envisaged product they represent, but can still allow people to give valuable feedback about what a product will deliver, and how it will be used. Later on (after a few iterations of the interaction design cycle), design teams are likely to turn to software and interactive devices to create “high fidelity” prototypes, which look and behave more closely like the envisaged product (85).

Evaluation of prototypes can result in many different forms of insights, which may be used to redefine the objectives, to generate new design ideas, or to inform subsequent prototypes. Evaluation conducted in early iterations of a human-centered design project often takes the form of workshops, focus groups and walkthroughs, aiming to validate the overall aims of the project and learn more about alternative design directions. Through user evaluation, teams may well learn more about the users and the problem space. Subsequently, “formative” evaluation of higher fidelity prototypes is likely to focus on improving usability and the “user experience” (82, 88), but it generally becomes more costly to make significant changes to a product proposal (83). Late-stage evaluation of candidate products may also investigate the effectiveness of alternative designs in terms of, say, productivity (in the case of a workplace application), or learning outcomes (for an educational tool). “Summative” evaluation seeks to establish the effectiveness of a final candidate product and is often conducted with users immediately prior to a product being deployed (89, 90).

There exists great variety in the way that interaction design processes have been defined by institutions such as Stanford's d.School, Google and IDEO (91–93). Processes vary in terms of the number of steps (commonly, 4–6 steps), the terminology used, and graphical representations. We have adopted a simple design process, employing terminology often encountered in interaction design and allied fields of user experience and human-computer interaction. A graphical representation of this process is shown at Figure 1. This diagram represents a broadly cyclical process entailing four activities: define objectives, ideate, prototype, evaluate; and also shows that information and ideas can flow in different directions between the four activities.


[image: Figure 1]
FIGURE 1. An iterative interaction design process.


Many ACI scholars have recognized the potential benefits of iterative, user-focused interaction design methods as a means to include the “voice” of animals in creating a product, and “center” animals' needs, and thereby avoid misguided, and anthropocentric design directions (3, 65, 94, 95). However, our own experiences and those of other ACI designers indicate that there are several challenges to including animals in interactive, prototype based design processes (96). Firstly, animals cannot verbally express their goals and desires, and so designers often struggle to identify and prioritize animals' essential needs to inform design objectives (57, 59). Secondly, prototypes can be rapidly destroyed by animals (97), so may need to be replaced repeatedly or constructed in highly robust fashion, which can be costly and time-consuming. Thirdly, it is problematic to make inferences about how useful or suitable an intervention is to animals based on their initial responses (98) as their early interactions are likely to be shaped by the impetus toward inquisitive exploration (13) and the “novelty effect” (99), or by neophobia or startle responses (67). Fourthly, methods of evaluation used in animal care sectors can conflict with iterative design approaches in which prototypes are repeatedly changed in response to formative evaluation (96). Our aim is to adapt interaction design methods to overcome these challenges, providing a lightweight, learning-focused process (as set out in Section Applying Interaction Design Process) for ACI design teams to maximize attention to animals' needs in the context of the WtC framework.




METHODS

Responding to the challenge faced by ACI designers in identifying what it is that animals want and need, we present the WtC framework for design centered around a matrix which synthesizes the Five Domains model and the Coe Individual Competence model. The framework prompts designers to identify animal-centric design opportunities using the matrix, giving consideration to the individual animal, its group population, the context and the animal species. The WtC Animal Objectives Canvas, represented in Figure 2, provides a structured approach to define animal-centric design objectives as input to a technology design project. We describe how these objectives can be included in an Interaction Design process shown at Figure 3, in such a way as to validate, refine or redefine the animal-centric objectives and revisit them through the course of a design project.


[image: Figure 2]
FIGURE 2. The welfare through competence animal objectives canvas.
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FIGURE 3. The welfare through competence interaction design process.



The Welfare Through Competence Design Opportunities Matrix

Synthesizing the Five Domains and Coe Individual Competence models into a matrix, as shown in Table 1, provides a basis to assess and identify opportunities for a good life for animals. We propose that designers can systematically explore animal-centric design opportunities by considering how each of the competence foci (per the Coe Individual Competence model) can contribute to each of the Five Domains of animal welfare. For example, designers might first consider how each of the Competence foci can play a role in supporting an animal's welfare in the domain of nutrition, as follows:

• Considering the focus area of choice and asking what food and feeding options would the animal have in the wild might reveal opportunities for providing greater, more natural choice of food such as seasonally available variations (while still ensuring that the animal has a nutritionally complete and balanced diet) or feeding schedule (single predictable feeding or multiple random feedings), which would the animal choose? Which would be best suited to its evolutionary adaptations?

• Designers would then progress to consider goals related to animal control in the domain of nutrition. How would the animal choose to control food recourses and availability choices within a healthy diet? For example, would the animal prefer to control a food delivery mechanism itself rather than having the same food delivered by a caregiver?

• Opportunities for variety in nutrition might be considered next, including mechanisms for varying the schedule, location, type and quantity of food available from day to day, or according to the season (while ensuring that nutritional needs are met). Designers might consider aspects of timing, including the frequency with which a given food is presented, and varying the interval between feeding events.

• In considering how complexity can be provided in the domain of nutrition, designers might identify opportunities for feeding schedules in which the mechanism of exercising control over feeding varies, as well as the type of food, thereby gradually increasing the level of variety and challenge that the animal experiences over time. Feeding in social settings also opens opportunities for experiencing and navigating complexity as the animals would in the wild. Increasing complexity can be an important dimension of incrementally augmenting animals' competence, and so careful consideration should be given to the rate at which greater complexity is introduced to provide optimal levels of safety and challenge.

• Taking a broader view, consideration would also be given to other intersections between competence and nutrition, which might lead designers to identify opportunities to promote behaviors, skills, physical strength, dexterity or speed that the animal's wild counterparts must possess to obtain food in native habitats.


Table 1. The welfare through competence design opportunities matrix.
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Contextualizing and Prioritizing Design Opportunities

The WtC Animal Objectives Canvas (Figure 2) provides a tool for gathering the information required to effectively fill out the WtC Design Opportunities Matrix, and for prioritizing the opportunities to define objectives for a design project. In considering each component of the matrix, designers should take account of the animal species, the context, the welfare goals of the population and the welfare goals of the individual animal. In this context, “goals” refers to the needs and wants of the animal and are associated with improved welfare outcomes. Through this process some components will be responsive to high priority welfare needs of the animal. Conversely, some components may not be relevant to the needs of the animal.


Animal Species

Species-specific needs, goals and capacities should play a large role in identifying and selecting design opportunities. Designers should take account of the motivated behaviors, cognitive capacities, and environmental preferences of the species, as well as their abilities and preferences in terms of physiology, sensing, locomotion, and interaction with objects. For many species, there are known welfare challenges with managed care. For example, spatial considerations to enable captive snakes to adopt straight-line body postures (100); elevated positioning of features for arboreal animals (101); optimal enrichment provision for different life stages (suckling piglets, weaning piglets, and fattening pigs) of group-housed pigs on farms (37); and supporting Asian elephant herd dynamics in zoos with larger and more complex habitats (102). Designers should take account of these species-specific characteristics through reference to relevant literature and species experts with emphasis on characteristics observed in the wild.



Context

Design opportunities should take account of specific environmental factors which impinge on the animal's wellbeing. These may include contextual opportunities and constraints such as diurnal or nocturnal illumination, microclimate, space, physical structures and substrates, which may influence the extent to which an animal can express highly motivated behaviors such as exploring, play, and foraging behaviors such as rooting and digging, or hunting. The extent of environmental complexity and variety have been demonstrated to influence the degree of cognitive stimulation and challenge that can be provided to the animal (96, 103, 104) [See Coe and Hoy (70) for examples of contextual, built-in environmental enrichment]. Per Mellor et al. (7), the visual, auditory, and olfactory environment may have either a positive or a negative impact on wellbeing; for example, for some species, the sounds and presence (including position overhead) of humans or other species may elicit fear (105, 106). However, environments which offer visual and auditory variety, especially access to distant views, sounds and smells, may be enriching. Opportunities for design can be identified and prioritized by considering the ways in which the animal's environment 1) may negatively impact on wellbeing, 2) constrains existing welfare provisions, 3) already meets welfare needs.



Population Goals

Characteristics of the group that an animal is part of will shape welfare goals at several levels. Animals housed in groups are likely to have common welfare needs, goals and constraints. Accordingly, animal welfare is often considered at the group or population level (107, 108). The social characteristics of the group may also impinge on the welfare status of the group as a whole: factors such as the number of co-housed individuals, social hierarchies, ratio of male vs. females, and age composition of the group may impact welfare.



Individual Goals

The welfare needs of an animal, and ways in which those requirements can best be addressed, are also shaped by individual factors such as the animal's age, sex, personality, social relationships, and prior experiences. Older animals may have fewer opportunities for positive experiences due to declining physical or cognitive abilities, associated behavioral change or physical pain (109). Aging and life-stage have been found to significantly impact on the extent to which animals make use of enrichment (46, 110–112). As animals age, they may require tailored husbandry, enrichment and training, informed by ongoing monitoring of physiological, behavioral and cognitive changes (109). Sex has been associated with differences in welfare factors such as fearfulness (113) and participation in enrichment sessions (110). Personality traits such as aggressiveness, fearfulness, and risk-taking can impact on an animal's welfare and this may also be relevant in the case of traits such as sociability and nurturing behaviors (107). Many opportunities for improving welfare through animal-computer interaction may stem from the ability to use computational approaches to gather information about individual animals and automatically personalize interventions to individual animals.




Defining Animal-Centric Design Objectives

The design opportunities identified and prioritized using the WtC Design Opportunities Matrix can be distilled to define design objectives: clear, measurable, specific statements of what a design intervention is intended to achieve in terms of animal wellbeing. The animal-centric design objectives, balanced with human-centric objectives, will provide input to the first cycle of an interaction design project. In many projects, selecting a single, high-priority design opportunity from the matrix will provide greater chances of overall success. As an example, identifying opportunities to increase environmental variety for zoo-housed primates might give rise to the objective to create an interactive enrichment installation allowing animals to access a range of visual or audio stimuli, as in the case of the Kinecting with Orangutans project (114) and the SakiTunnel installation (69). In some cases, secondary objectives may be included through this filtering process. For instance, a project to create interactive installation for primates might include secondary goals related to increasing primates' environmental control or promoting greater complexity of behavior (115). However, design teams should be aware that including too many disparate design objectives can lead to a lack of focus, and risks overloading a project with unrealistic aims.

A core challenge in projects of this nature is to explore how animal-centric and human-centric design objectives can be achieved simultaneously, through careful design. The interests and constraints of human stakeholder involved in the care of animals will need to be included as human-centric design objectives. Many design tools and processes exist for establishing human-centered design objectives and defining project objectives as they relate to an organisation's strategic goals. This framework therefore does not address that aspect of the design process. For example, in designing for zoo-housed primates, ACI researchers have identified the need to consider the varied requirements of zoo personnel and visitors (116), such as eliciting visitors' empathy for animals, while also providing meaningful education and enjoyment (114).

Animal-centric and human-centric design opportunities should also be used to define evaluation criteria. Through this process, designers are likely to identify several criteria for success, which may reflect the overarching goal of creating positive outcomes for animal and human stakeholders or, at a minimum, seek to ensure that the intervention has no negative impacts. For example, an initial summative evaluation of Kinecting with Orangutans measured its behavioral impacts, finding that the installation had no negative welfare impacts (46), while impacts on visitor perceptions of the animals were examined separately (114).



Applying Interaction Design Process

Below, we describe a step-by-step process for using the WtC framework as part of an interaction design project. The process is offered as a way for teams of designers and animal carers to collaborate in creating interactive technology which prioritizes animal welfare objectives. This process responds to the real-world issues and conceptual challenges of designing for animals that we have encountered in our own work, and which are reported in the literature. We suggest that teams should conduct multiple iterations of this process cycle to gain greater clarity about animal needs, and include animal and human stakeholders as design participants.


Step 1: Understand Animals' Needs and Wants

1. Collate information to understand the needs and preferences of the animal, the context and current welfare provisions. The WtC Animal Objectives Canvas (Figure 2) provides a guide to collating such information to understand animals' needs and how they might be addressed. This approach can be used to address welfare needs in one of the Five Domains, or to address a known issue, or within a project that has broader goals, and which might impact on animal wellbeing. A broad, rapid survey of the types of knowledge held by different fields and practitioners can be valuable as a first step and allows for subsequent “deep dive” into the topics most relevant to design directions pursued as the project progresses.

1.1 Animal Species. Gather information on the needs of the animal species and known welfare challenges in managed settings. This can be in the form of scientific and reliable popular publications; accounts, video recordings and data on wild populations and their habitat use; information from independent species experts such as veterinarians, animal welfare scientists and animal carers. Designers might employ a modified Delphi process, as suggested by Veasey (63, 64) to gather expert opinions on the relative importance of the behavioral and psychological needs of wild species in captivity. It is essential for designers to gather rich information from varied sources about the species' needs, behaviors and relative importance of welfare goals to avoid the pitfalls of creating products which have little value to the intended users (57, 117).

1.2 Context. Gather information about the existing or proposed environment and its known impact on animal welfare. This might be collected through site audits of animal welfare (for example using the Five Domains methods), or through observations or reports on the animal environment. Designers can build on existing knowledge about how to address animal welfare challenges in sites such as zoos (35) working dog kennels (118), farms (119), and slaughterhouses (120). When designing for zoos, note that context includes both on-display areas and off-display areas (121). To understand opportunities and constraints on changes to the animals, collect information about the physical space in which the animal is housed, in terms of dimensions, physical structures and substrates, air flow, and temperatures. Additionally, information about the visual and auditory environment and other sensory aspects (e.g., odors from cleaning chemicals) might also be relevant to the animal. Understanding routines, schedules and protocols for feeding, health checks, cleaning, enrichment, training and other forms of interaction with familiar humans is important. Further, collecting details about any other activities which entail changes to the animal's environment, such as relocations, introduction of other animals, or changes to the presence of humans. For these events and routines, record occurrence (for example, any events which trigger them), frequency and duration or, ideally, obtain baseline data covering such factors.

1.3 Population Goals. Gather information about the welfare needs of the group or population in which the animal is located. This might take the form of formal animal welfare audits and plans, or informal assessments from carers or handlers. Understanding the history for a specific population, for example through interviews with carers, can offer insights into important social dynamic nuances and previous enrichment successes or failures. This in turn, may influence identification of preferred opportunities and strategies. Peer reviewed literature can also provide insights into the welfare needs of other groups of the same species housed in similar settings. To identify related design opportunities, collect information on the social interactions between conspecifics, including the nature of such interactions, and whether they entail positive or negative experiences for the animals involved.

1.4 Individual Goals. Gather information about the welfare needs of the individual animal. This might include the outcomes of existing animal welfare audits and reports. Where possible, up-to-date “baseline” assessments of the animal should be conducted, which will be valuable when evaluating success. Another option is to include light-weight assessment techniques, such as the qualitative “free choice profiling” approach proposed by Wemelsfelder et al. (122). To understand the design opportunities and constraints pertaining to an individual animal, gather behavioral data such as the animal's current activity levels, use of enrichment, interactions with conspecifics, human carers and others, and feeding preferences. This may be obtained through direct observation, interviews with carers and video recordings—including hours when carers are not present—which can be analyzed by carers, species specialists or welfare specialists. Comparing an individual's behavioral data with that of conspecifics from the same or different site may be revealing. Consider the likely physiological, behavioral and cognitive impacts of maturation or aging, and other future changes such as pregnancy and rearing young.



Step 2: Identify Animal Centric Design Opportunities

2. Consider in turn each of the focus areas defined by the Coe Individual Competence Model (Choice, Control, Variety, and Complexity), to identify ways in which the animal's situation might be changed for the better, if a design solution could be successfully realized.

2.1 Consider how enhancing Choice might improve the animal's situation within the welfare domain currently under scrutiny. This might include interventions which allow the animal to choose between a wider range or frequency of options, or throughout a 24-h cycle and not just when care staff are present (123, 124). Consider how increased choices could enhance the animals' ability to communicate preferences, or expand the areas of life in which the animal can exercise control, engage complexity and build competence (14, 125).

2.2 Consider how greater Control for the animal might allow for better welfare outcomes in this domain. An important consideration is whether an animal can be given continuous control over basic aspects of their situation, including freedom of movement between cooler/warmer, dryer/damper, lighter/darker, open/enclosed/novel/familiar spaces (76, 126). Interventions which allow appropriate levels of control over when and how to access essential provisions such as water, food, shelter, conspecifics, and enrichment might play an important role in addressing welfare needs (70, 127). Systems which allow animals to control their environment (e.g., lighting, temperature, water or sprinklers, sound, breeze) and activities to train animals to use such systems would also be examples of designing for greater animal control (70).

2.3 Consider how increased Variety of opportunities can be offered, Variety may be considered in types of food, varieties of environments, methods of physical conditioning opportunities, or companions (74). Variety also may be considered in other dimensions or combination of dimensions such as times of day, frequency, duration, and location of activities or rest areas or changing seasonal conditions for example.

2.4 Identify ways in which Complexity can be introduced through combinations and permutations of existing, or new, interventions. This might include complexity of environments and multisensory stimuli (128). Social interactions with larger animal groups and housing with other species are inherently complex. Complexity of nutrition can include variation by time and by seasonally changing natural conditions, which has been shown to be beneficial to animal health. Complexity should be considered carefully when introducing mental challenges, such as cognitive enrichment: designers should ensure that appropriate levels of challenge are provided to individual animals, and that complexity is incremented at an appropriate rate to build competence without causing detrimental levels of frustration (129).

2.5 Consider, more broadly, how an animal's Competence can be augmented through design and deployment of interventions. In this, consider timing and building on the individual animal's prior experience. It may be valuable to consider at this stage how the prototyping process will be used to introduce animals to novel apparatus, new forms of interaction, and new behavioral opportunities.



Step 3: Define Animal-Centric Design Opportunities

3. Prioritize design opportunities and distill them to define animal-centric design opportunities.

3.1 Prioritize the opportunities identified, according to likely positive impacts on the animal's overall wellbeing.

3.2 Select a small number of opportunities, ideally 1 or 2, to be addressed in the design project.

3.3 State design objectives unambiguously, in a framing which makes it clear which animal needs are reflected, and the overarching rationale for the design objective.

3.4 Identify evaluation criteria associated with the selected design opportunities. Determine how evaluation will be conducted, by whom, and how the design team will know if the aims have been met.



Step 4: Define Project Design Objectives

4. Identify initial design objectives for the project, and evaluation criteria.

4.1 Identify human-centric design objectives. We anticipate that organizations may have access to existing processes for conducting human-centered design and eliciting organizational requirements for design projects. We note that it is important to consider the goals and constraints impinging on caregivers, organizational stakeholders and perhaps other groups (e.g., the broader public). It is valuable to acknowledge how existing systems, organizational or societal values and commercial considerations constrain the range of options, and discuss how the design thinking might be expanded if these limitations did not exist. There is also a need to consider how design might impact on human attitudes to animals. For example, in zoos, interventions can be designed to support educational aims and promote positive attitudes to animals (114, 130). But technologies can also inadvertently foster misunderstandings about animals' needs or negatively impact caregiving (58, 131).

4.2 Identify potential conflicts between the goals of human and animal stakeholders and determine how these tensions will be managed. In some settings, such as agriculture, the conflicting pressures of organizational drivers and competing perspectives of different stakeholder groups can mean that attempting to make changes to improve animal welfare presents a “wicked problem” (132). Iterative design thinking can provide a valuable approach to addressing wicked problems (133), allowing for reframing problems and identifying novel solutions as well as new ways of working which respond to conflicting goals (134).

4.3 We suggest that it is valuable to be explicit about which stakeholder will benefit from a stated project requirement. For example, user stories provide a useful framing for articulating design objectives from the perspective of a specific stakeholder, making clear how the goal is relevant to their overall wellbeing or objectives. User stories follow a prescribed format: “As a [stakeholder type] I [want to], so that [….]”.

Example: “As manager of a primate colony in a biomedical research facility I want to find entertaining and diverting activities for macaque monkeys so that they are quiet and calmly occupied while they are isolated and closely confined during lengthy biomedical testing procedures”.



Step 5: Ideate to Identify Alternative Solutions

5. Gather ideas and inspiration for alternative design approaches from multiple sources and conduct a range of ideation activities to explore the problem from new perspectives. When conducting ideation, project teams should make use of the information that has been gathered about the animal's needs and wants at Step 1. Alternative solutions are likely to start by responding to the design opportunities identified at Step 2, but may extend more broadly as new ideas are gathered, and as new insights about the problem space are generated.

5.1 Practitioners who work primarily in animal sectors can benefit from learning about the capabilities of emerging technologies by reviewing white papers and technology sector magazines, or through connecting with university researchers. Inspiration may be drawn from technological interventions in other domains: for example, interfaces for primates have been inspired by installations in public spaces and for young children. Learning some of the ways wild animals use their habitats is often inspiring.

5.2 Ideation activities can include brainstorming in groups or individually, sketching, storyboarding, soliciting ideas from a wide audience, mind-mapping and deliberately exploring problematic ideas (“worst possible idea” brainstorming). A deck of cards, such as the “Concept Craft Cards” created by French et al. (62) can support groups to generate ideas by prompting them to consider different aspects of a problem and alternative approaches. Several guides and templates for conducting ideation activities and “design thinking” are available online, from organizations such as the Stanford d.School, Google and IDEO. Including a wide range of stakeholders in ideation activities can help to broaden the thinking and examine the problem from alternative perspectives.



Step 6: Develop Prototypes

6. Create and deploy prototypes to investigate the likely effectiveness of a proposed intervention and barriers to its implementation.

6.1 At early iterations of the design process, create “low fidelity” prototypes such as non-working hardware prototypes and partial prototypes to gain feedback from animal users and stakeholders. Early prototypes can be rapidly created with the aim of determining whether the proposed design objective will contribute to animal wellbeing as envisaged. One approach is to use the “Wizard-of-Oz” technique (96, 135), in which a human operator provides the interactivity or effects which will be delivered by a computerized system. This approach will help designers to avoid spending excessive time and resources on developing a solution which is not attractive to animals or does not meet their interests. In addition, early prototypes can be designed to minimize animal training needs and put aside non-functional requirements (such as robustness and longevity) in order to quickly and cheaply determine whether the animal will benefit from the changes or behavioral opportunities that the intervention delivers.

6.2 A key tenet of the interaction design process is that prototypes should be created to be thrown away. When designing with animals, this means that prototypes should also be designed so they can be safely destroyed by the animal users. Designers should therefore repurpose materials and objects which are known to be safe for the target animals, and avoid deploying computing components which could be chewed or ingested. Using familiar objects and materials is also likely to reduce the impact of the “novelty effect” and neophobic responses on animals' initial interactions. When prototyping for animals, “decomposition” (96) provides an approach to examine different aspects of design separately. For example, physical hardware components of a proposed device can be constructed and given to animal users to see if they are usable, and ascertain whether animals will need to be trained in how to operate them.

6.3 At later iterations of the design process, deploy “higher fidelity” functional prototypes which progressively approximate more closely the fully working ACI intervention. Designers should defer investing in high-cost, high-complexity prototypes until sufficient evidence has been gathered that the design objective will have a positive impact on animal wellbeing, and that the proposed design will be effective in achieving that goal. This approach allows design teams to be responsive to data gathered during the design process, including making fundamental changes to the design approach, and shifting the design objectives if required.



Step 7: Evaluate Against Design Objectives

7. At each iteration of design, prototypes should be evaluated against the design objectives established in Step 4. Evaluation can reveal new insights about the needs and preferences of animals and humans. This knowledge, if captured, can be valuable in its own right, and also inform future design projects.

7.1 “Formative evaluation,” conducted throughout the project, can allow designers and stakeholders to improve on the design. In early iterations of the process, Wizard-of-Oz and prototype decomposition techniques can allow for evaluation which focuses on assessing (a) to what extent the design objective provides a valid pathway to enhancing animal welfare and (b) to what extent the design is likely to be successful in meeting the design objectives. Qualitative evaluation with stakeholders, such as video review and focus groups, will allow designers to learn more about the needs of animals and humans, and about potential barriers to successful deployment. This approach allows for refining or changing the design objectives 1) if initial goals impractical or unachievable, 2) if better opportunities are discovered, or 3) if animals' responses to prototypes reveal new directions for design.

7.2 In later stages of the project, once design objectives and the overall design approach have been validated, evaluation can be expanded to assess and improve on other aspects of design such as usability (for animals), functionality, performance, ease of deployment (for human carers), robustness, reliability, and maintenance requirements.

7.3 At a final iteration of the design cycle, a complete working prototype should be used to conduct a summative evaluation, to collect data about the extent to which the intervention is successful in achieving the design objectives. This data will provide a baseline for ongoing evaluation of the long-term effectiveness, and provide a valuable resource for other organizations seeking to deploy a similar system. Evaluation which seeks to make claims about the effectiveness or welfare impacts from the animal's perspective should use appropriate methods, informed by animal behavior and welfare science (56, 98). It is likely that a reliable, robust prototype will be required for this evaluation, and that design changes should not be made once the study has commenced.





ANTICIPATED RESULTS

The WtC framework can be used by diverse sectors to guide design with and for animals and capture learnings. Here, we present three scenarios to illustrate how the framework might be used to support design projects in zoos, animal production, and companion animal care.


Application in Zoos and Sanctuaries

The WtC framework can be used by zoos and sanctuaries to enhance and capitalize on their existing expertise in designing and creating animal enrichment, and to support effective reuse in other settings.

Scenario: Designing to elicit birds' natural behaviors in acquiring food.

A zoo holding passerine (perching) birds seeks to encourage the birds' natural behaviors and problem-solving abilities for locating and extracting food. The birds' natural habitats are relatively complex and varied, presenting diverse challenges in locating and extracting food, but existing zoo enclosures lack such opportunities.

The WtC Animal Objectives Canvas prompts designers to weigh the needs and attributes of the species, the individual animal and population, as well as the zoo context and the behavioral opportunities it provides. In the wild, most passerine birds live in relatively complex naturalistic environments which present diverse challenges for obtaining food. Many bird species, including those of the corvid (crow) and psittacine (parrot) families are naturally intelligent and curious. Table 2 shows an example of how the WtC Design Opportunities Matrix might be used in addressing this scenario, identifying how greater choice, control and variety and complexity can all contribute to offering richer behavioral opportunities related to “working” for food. The matrix also reveals how this goal intersects with environmental, health, and behavioral domains of welfare. To meet the behavioral needs of intelligent birds housed in an environment which lacks complex foraging opportunities, designers might decide to prioritize design opportunities related to increasing the complexity of food acquisition tasks, as highlighted in Table 2. By working through the WtC Animal Objectives Canvas, designers will have acquired a deeper understanding of relevant characteristics of the animals and their environment, and will have identified additional needs which might be incorporated as secondary design objectives. The WtC Interaction Design Process will guide designers to consider how the objectives might be met using alternative technologies, such as computerized puzzle feeders, automated scatter feed devices.


Table 2. WtC design opportunities matrix used to identify opportunities for increasing natural feeding behaviors of passerine birds housed in a zoo.

[image: Table 2]



Application for Animal Production

For livestock production, the WtC framework can be used to incorporate animal welfare objectives into the design of computerized systems, now being widely deployed as part of precision livestock farming initiatives. This will support the sector in paying increasing attention to positive animal wellbeing as a contributor to productivity, and to public concerns about farm animal welfare. In addition, ACI interventions can be used to capture data about animals' interactions and movements, supporting the inclusion of animal welfare and behavior metrics in precision farming systems.

Scenario: Designing to enable cows' self-grooming behaviors.

Self-grooming is an important natural behavior in farm animals such as cows, which is vital for health and which appears to be enjoyable and highly motivated, especially when animals are restrained (136). In environments such as freestall barns, cows make extensive use of fences, walls and pen objects for scratching and grooming. However, such objects are not sufficient for all self-grooming behaviors that cows want to perform (137).

Using the WtC Animal Objectives Canvas would prompt designers to consider the ways in which cows' self-grooming is important for physical health, is part of social behaviors, and may be a self-soothing behavior for coping with stress. Freestall barns generally offer little structural variety, and are likely to offer cows few objects for scratching against. Additionally, the size, texture and shape of such objects might not be sufficient to allow for satisfying scratching of different body parts. Table 3 shows an example of how designers might use the WtC Design Opportunities Matrix to address this scenario. In this example, opportunities have been prioritized (as highlighted in Table 3) for offering greater control and variety for self-grooming to contribute to physical health and mental wellbeing, which will inform the animal-centric design objectives. Through the WtC Interaction Design process, the design team might examine how these objectives can be reconciled with the need for efficient, easy to clean facilities. Ideation might lead designers to explore how mechanical brushes can be improved on to provide access to a wider variety of textures and surfaces, or provide a wide variety of pressure and speed of brushing by responding to pressure and movement.


Table 3. WtC design opportunities matrix used to identify opportunities for enabling cows' self-grooming behaviors.
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Application in Companion Animal Care

With growing interest in digital technologies for pet care and enrichment (such as video call systems and robotic toys), the WtC framework can guide the design and use of devices to deliver wellbeing benefits to domestic animals based on specific needs and objectives. Applying the WtC framework can help allay concerns that some pet care devices are designed primarily to appeal to the concerns and motivations of owners, rather than addressing genuine wellbeing issues affecting companion animals.

Scenario: Improve pet dogs' experience of their sound environment.

For some pet dogs left alone during the day, external sounds can be a source of stress or distress. For others, sound can be an important form of varied environmental stimulation, and individuals have distinct preferences in music genre, for example (138). While free-ranging dogs can select or modify their own sound environment, for example by moving to a different resting place, dog companions confined in homes or yards are unable to do so.

Using the WtC Animal Objectives Canvas to investigate this issue reveals several ways in which pet dogs can benefit from wider variety of audio stimuli. For dogs housed in urban or loud environments, external and unpredictable noises may be stressful, so a sound environment which masks such noises may be beneficial. For other dogs, sound may be a form of enrichment in another wise monotonous setting. Seeking out alternative sound environments may constitute a valuable form of environmental exploration for dogs who are confined. Table 4 shows an example of how the Design Opportunity Matrix might be used to address this scenario, and indicates that in this instance designers have given greatest priority to animals' control over their auditory environment. As part of a design project with the objective of allowing dogs to change their auditory environment, designers might explore the possibility of using different types of sensors (e.g., proximity sensors, activity monitors) to provide dogs with alternative sound environments which the dog can choose between by moving from one area to another, and which vary according to the dog's level of movement and wakefulness.


Table 4. WtC design opportunities matrix used to identify opportunities for improving pet dogs' sound environment.
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DISCUSSION

The WtC framework, by providing a practical approach to centering animals in technology design projects, will prove useful to ACI researchers and practitioners who seek to improve animals' lives. In our presentation of the framework, we provide definitions, processes and examples which will support collaboration and the exchange of ideas and approaches between the various disciplines, expert and stakeholder types involved in successful animal-computer interaction design projects. This paper also delivers a robust response to long-running debates in the field of ACI about the feasibility of including animals as stakeholders, by outlining a design process which can capture and respond to the interests of animals, in turn offering them a good life.


Enabling Animal-Centric Design Practice

While interaction design and “design thinking” approaches are now widely used for human-centered innovation, the WtC framework provides a much-needed structured approach for project teams to include current understandings of animals and their needs. The framework enables interdisciplinary collaboration on this topic by providing a conceptual frame for understanding the different types of knowledge that can be brought to bear in an ACI project, for sharing those different forms of knowledge across the team, and for understanding how they intersect with each other and support the project. In addition, the WtC Animal Objectives Canvas provides a tool to guide teams in identifying what it is they need to know about the animal and its world, while the design process indicates how that knowledge can be applied and further developed through the project.

There is considerable divergence between the aims and practices of different animal sectors, and between the needs and objectives of the human stakeholders that interact with them. Furthermore, we anticipate that many organizations will have established processes for eliciting, documenting and validating project requirements, which will provide input in the form of human-centric design opportunities and objectives of the WtC interaction design process. While the WtC framework can capture and respond to diverse sectorial needs, we recognize that for some organizations, it will be most beneficial to use the WtC Animal Objectives Canvas as inputs to IT project management processes.



Advancing ACI Debates and Scholarship

A core strand of ACI scholarship engages with the question of “to what extent design processes can reflect the needs of animals as stakeholders and users?” (59), and how human-centered interaction design methods can be adapted to achieve this (1, 3, 55). Attempting to place animal stakeholders at the heart of design work raises a range of methodological challenges (55), including the issue of identifying appropriate design objectives, aligned with the animals' interests and welfare needs (2, 59). In this paper, we have proposed a framework which offers a new pathway to progress this dimension of ACI theory, building on animal welfare science theory and design approaches developed in zoos and sanctuaries. This provides a structure that addresses methodological issues of ACI design and provides a foundation that can support designers to avoid the pitfalls of anthropocentrism (59) and inadvertent negative welfare impacts (57).

The framework expands ACI's interaction design methods by building on well-established concepts of animal welfare science and design techniques developed over several decades in zoos and sanctuaries. As we have illustrated, the WtC framework provides a model which can be applied in any animal management setting. The model we offer foregrounds animal-centric objectives, acknowledges that human stakeholders may have competing objectives, and indicates how both sets of objectives can be incorporated into an interaction design project. In this way, the WtC framework constitutes an important advance for the field of ACI by providing a methodological basis for design projects that are well-informed about target animals, their species and context, to be able to contribute to a good life for animals.



Enabling Interdisciplinary ACI Research and Education

Creating technological interventions for animal wellbeing is inherently interdisciplinary work, which can entail collaboration between designers, computer scientists, species specialists, animal welfare scientists, carers familiar with the group and individual animal, and other stakeholders with knowledge of the context and organizational aims. Several ACI scholars have drawn attention to the need for ACI scholars to work closely with specialists in animal behavior and welfare (56, 57, 98), and to understand how to elicit and apply different types of expert knowledge about animals (96). The WtC framework provides a structured approach to achieving this and offers practical guidance to researchers and technologists who are new to animal-centric design. Conversely, the visual components of the framework (Figures 1, 2) also supports ACI researchers to communicate with scholars from other disciplines about the interaction design process. This illustrates how animal centric knowledge can be incorporated into interaction design, and how design work can lead to deeper understandings of animals' needs and wants, as well as the production of a technological artifact. Our hope is that this approach will enable non-ACI specialists to envision ways in which technology and animal-centric design can further their efforts to increase the welfare of animals in their care.

The WtC framework supports ACI scholars to resolve tensions between iterative interaction design processes with the empirical methods of animal-related sciences. While rapid prototyping favors innovation and responsive design, these agile approaches are not compatible with the qualitative, ethological evaluation methods generally used by animal behavior and welfare researchers to assess the effectiveness of an intervention (96). To address this, the WtC design process proposes a distinction between lightweight “formative” prototyping, conducted to inform subsequent cycles of design, and rigorous “summative” prototyping, which might deploy ethological methods to assess the effectiveness of a finished artifact. An important facet of the framework is the focus on defining and refining animal-centric design objectives, to guide both formative and summative evaluation and ensure the project retains sight of the animal welfare goals.

With computer science and design students showing increased interest in ACI, important challenges for educators are to sensitize students to animal welfare in iterative development, and to offer guidance in methods for eliciting animal-centric requirements (55). The WtC framework provides a structured foundation and step-by-step process which responds to this need, offering a tool for training ACI students in applying interaction design principles to animal-centric work, and a foundation for cross-disciplinary projects with animal scientists in any managed animal setting.



Future Research to Expand the WtC Framework

Envisaged benefits and contributions of the WtC, as discussed above, will be expanded with further data about the design journey of projects undertaken using these tools. The WtC tools and process provide structured prompts for design teams to capture project objectives, decisions, and readjustments, as well as the results of prototype evaluations. Technology interventions often entail unexpected outcomes and unanticipated consequences (139), and documenting projects' design journeys and lessons learned will provide valuable insights for future design projects, for ACI research, and for enhancing the WtC Framework and associated tools.

An important aim of the WtC framework is to bring to the fore the tensions between human-centric objectives (including organizational aims and commercial considerations) and the animal-centric design objectives that emerge. However, techniques for addressing issues of ethics and power in ACI (59) are left to the discretion of designers. As the WtC framework is adopted by different animal sectors, it will be valuable to investigate how specific tools and approaches can aid designers in identifying solutions to provide animals with a good life which simultaneously address the needs of human stakeholders and organizations.




CONCLUSION

The WtC framework integrates existing, best-practice models and process, to create a structured guide for designers to create interventions that respond to animals' needs and wants, and mitigate the risk that human-centric aims prevail over the interests of animals. In the WtC Animal Objectives Canvas, designers are provided with a novel tool which leverages contemporary theory and best practice to aid them in understanding what animals need to live a good life, and for identifying relevant design opportunities and objectives. We provide a structured approach for iterative interaction design that can lead to deeper understandings of what animals need and want, allowing for refinement of animal-centric design objectives as well as creation of a technology product. The WtC framework is presented to provide a practical tool that can support collaboration and communication in interdisciplinary teams, providing a foundation for better design. Acknowledging the diverse needs and practices of different sectors that involve animal management, the WtC framework is widely applicable and flexible to satisfy the needs of different animals, organizations, and settings, and can be complemented with other organizational toolsets and protocols.

By presenting a framework that integrates models of animal welfare, design for animal competence, and interaction design process, this paper responds to core challenges and debates related to animal-centric technology design. Crucially, the WtC framework contributes new thinking and conceptual approaches to the core ACI challenge of centering the animal in design, supporting a good life for animals.



DATA AVAILABILITY STATEMENT

The original contributions presented in the study are included in the article/supplementary material, further inquiries can be directed to the corresponding author.



AUTHOR CONTRIBUTIONS

The conceptualization of this work and development of the WtC framework we present was shared predominantly between SW (45%) and MC (35%). JC contributed to the framework development (20%) by providing feedback and expertise on the Coe individual competence model. Writing and preparation of the manuscript was conducted predominantly by SW (60%). MC wrote sections of the manuscript (30%) pertaining to animal welfare science. JC provided writing contributions (10%) to sections of the manuscript on animal enrichment and zoo-based design. All authors contributed to the article and approved the submitted version.



REFERENCES

 1. Mancini C. Animal-computer interaction: a manifesto. Interactions. (2011) 18:69–73. doi: 10.1145/1978822.1978836 

 2. North S, Mancini C. Frameworks for ACI: animals as stakeholders in the design process. Interactions. (2016) 23:34–6. doi: 10.1145/2946043 

 3. French F, Mancini C, Sharp H. Exploring research through design in animal computer interaction. In: Proceedings of the Fourth International Conference on Animal-Computer Interaction, ACI2017. New York, NY: ACM (2017). doi: 10.1145/3152130.3152147 

 4. Broom DM. The scientific assessment of animal welfare. Appl Anim Behav Sci. (1988) 20:5–19. doi: 10.1016/0168-1591(88)90122-0 

 5. Broom DM. Animal welfare defined in terms of attempts to cope with the environment. Acta Agric Scand Sec Anim Sci Suppl. (1996) 27:22–8. 

 6. Duncan I. Science-based assessment of animal welfare: farm animals. Rev Sci Tech Int. (2005) 24:483–92. doi: 10.20506/rst.24.2.1587

 7. Mellor DJ, Beausoleil NJ, Littlewood KE, McLean AN, McGreevy PD, Jones B, et al. The 2020 five domains model: including human–animal interactions in assessments of animal welfare. Animals. (2020) 10:1870. doi: 10.3390/ani10101870

 8. Dawkins MS. Does smart farming improve or damage animal welfare? Technology and what animals want. Front Anim Sci. (2021) 2:38. doi: 10.3389/fanim.2021.736536 

 9. Coleman G. Public animal welfare discussions and outlooks in Australia. Anim Front. (2018) 8:14–9. doi: 10.1093/af/vfx004

 10. Perdue BM, Sherwen SL, Maple TL. Editorial: the science and practice of captive animal welfare. Front Psychol. (2020) 11:1851. doi: 10.3389/fpsyg.2020.01851

 11. Broom DM, Johnson KG. One welfare, one health, one stress: humans and other animals. In: Broom DM, Johnson KG, editors. Stress and Animal Welfare: Key Issues in the Biology of Humans and Other Animals: Animal Welfare. Cham: Springer International Publishing (2019). p. 1–13. doi: 10.1007/978-3-030-32153-6_1 

 12. Špinka M, Wemelsfelder F. Environmental challenge and animal agency. In: Animal Welfare. Wallingford; Cambridge, MA: CABI (2011). p. 27–44. doi: 10.1079/9781845936594.0027 

 13. Špinka M. Animal agency, animal awareness and animal welfare. Anim Welf. (2019) 28:11–20. doi: 10.7120/09627286.28.1.011 

 14. Browning H, Veit W. Freedom and animal welfare. Animals. (2021) 11:1148. doi: 10.3390/ani11041148

 15. Cobb M, Carter A, Lill A, Bennett P. Perceived importance of specific kennel management practices for the provision of canine welfare. Appl Anim Behav Sci. (2022) 249:105591. doi: 10.1016/j.applanim.2022.105591 

 16. Colditz IG, Hine BC. Resilience in farm animals: biology, management, breeding and implications for animal welfare. Anim Prod Sci. (2016) 56:1961–83. doi: 10.1071/AN15297 

 17. Hampton JO, Jones B, McGreevy PD. Social license and animal welfare: developments from the past decade in Australia. Animals. (2020) 10:2237. doi: 10.3390/ani10122237

 18. Bayma T. Rational myth making and environment shaping: the transformation of the zoo. Sociol Q. (2012) 53:116–41. doi: 10.1111/j.1533-8525.2011.01228.x 

 19. Neumann J. Redefining the modern circus: a comparative look at the regulations governing circus animal treatment and America's neglect of circus animal welfare. Whittier Rev. (2014) 36:167. 

 20. Markwell K, Firth T, Hing N. Blood on the race track: an analysis of ethical concerns regarding animal-based gambling. Ann Leis Res. (2017) 20:594–609. doi: 10.1080/11745398.2016.1251326 

 21. Alonso ME, González-Montaña JR, Lomillos JM. Consumers' concerns and perceptions of farm animal welfare. Animals. (2020) 10:385. doi: 10.3390/ani10030385

 22. Bryan J, Mara M, Harry B, Isabelle V editors. Improving Farm Animal Welfare. Wageningen: Wageningen Academic Publishers (2013). 232 p. 

 23. Buller H, Blokhuis H, Jensen P, Keeling L. Towards farm animal welfare and sustainability. Animals. (2018) 8:81. doi: 10.3390/ani8060081

 24. Mellor D, Burns M. Using the five domains model to develop welfare assessment guidelines for thoroughbred horses in New Zealand. N Z Vet J. (2020) 68:150–6. doi: 10.1080/00480169.2020.1715900

 25. Standards Australia. Privately Contracted Security and Detection Dogs, Part 1: Acquisition, Welfare, Training, Deployment and Retirement. Sydney, NSW: Standards Australia (2022). 

 26. Brambell FWR. Report of the Technical Committee to Enquire Into the Welfare of Animals Kept Under Intensive Livestock Husbandry Systems. London: Her Majesty's Stationery Office (1965). 

 27. Broom DM. A history of animal welfare science. Acta Biotheor. (2011) 59:121–37. doi: 10.1007/s10441-011-9123-3

 28. Sherwen SL, Hemsworth LM, Beausoleil NJ, Embury A, Mellor DJ. An animal welfare risk assessment process for zoos. Anim Open Access J. (2018) 8:130. doi: 10.3390/ani8080130

 29. Fraser D, Weary DM, Pajor EA, Milligan BN. A scientific conception of animal welfare that reflects ethical concerns. Anim Welf. (1997) 6:187–205. 

 30. Balcombe J. Animal pleasure and its moral significance. Appl Anim Behav Sci. (2009) 118:208–16. doi: 10.1016/j.applanim.2009.02.012

 31. Yerkes RM. Chimpanzees: A Laboratory Colony. New Haven, CT: Yale University Press (1943). 

 32. Young RJ. Environmental Enrichment for Captive Animals. Hoboken, NJ: John Wiley & Sons (2013). 261 p. 

 33. Wells DL. A review of environmental enrichment for kennelled dogs, Canis familiaris. Appl Anim Behav Sci. (2004) 85:307–17. doi: 10.1016/j.applanim.2003.11.005 

 34. Maple TL, Perdue BM editors. Environmental enrichment. In: Zoo Animal Welfare. Berlin: Springer (2013). p. 95–117. doi: 10.1007/978-3-642-35955-2_6 

 35. Ward SJ, Sherwen S, Clark FE. Advances in applied zoo animal welfare science. J Appl Anim Welf Sci. (2018) 21:23–33. doi: 10.1080/10888705.2018.1513842

 36. Bayne K. Environmental enrichment and mouse models: current perspectives. Anim Models Exp Med. (2018) 1:82–90. doi: 10.1002/ame2.12015

 37. Godyń D, Nowicki J, Herbut P. Effects of environmental enrichment on pig welfare—a review. Animals. (2019) 9:383. doi: 10.3390/ani9060383

 38. Zhang Z, Gao L, Zhang X. Environmental enrichment increases aquatic animal welfare: a systematic review and meta-analysis. Rev Aquac. (2021). doi: 10.1111/raq.12641 

 39. Appleby MC, Mench JA, Olsson IA, Hughes BO editors. Animal Welfare. 2nd edition. Wallingford; Cambridge, MA: CABI (2011). 344 p. doi: 10.1079/9781845936594.0000 

 40. Alligood CA, Dorey NR, Mehrkam LR, Leighty KA. Applying behavior-analytic methodology to the science and practice of environmental enrichment in zoos and aquariums. Zoo Biol. (2017) 36:175–85. doi: 10.1002/zoo.21368

 41. Meehan CL, Mench JA. The challenge of challenge: can problem solving opportunities enhance animal welfare? Appl Anim Behav Sci. (2007) 102:246–61. doi: 10.1016/j.applanim.2006.05.031 

 42. Markowitz H. Behavioral Enrichment in the Zoo. New York, NY: Van Nostrand Reinhold (1982). 

 43. Egelkamp CL, Ross SR. A review of zoo-based cognitive research using touchscreen interfaces. Zoo Biol. (2019) 38:220–35. doi: 10.1002/zoo.21458

 44. Washburn DA. The four Cs of psychological wellbeing: lessons from three decades of computer-based environmental enrichment. Anim Behav Cogn. (2015) 2:218–32. doi: 10.12966/abc.08.02.2015 

 45. Pons P, Jaen J, Catala A. Envisioning future playful interactive environments for animals. In: Nijholt A, editor. More Playful User Interfaces: Gaming Media and Social Effects. Singapore: Springer (2015). p. 121–50. doi: 10.1007/978-981-287-546-4_6 

 46. Carter M, Sherwen S, Webber S. An evaluation of interactive projections as digital enrichment for orangutans. Zoo Biol. (2021) 40:107–14. doi: 10.1002/zoo.21587

 47. Kim-McCormack NNE, Smith CL, Behie AM. Is interactive technology a relevant and effective enrichment for captive great apes? Appl Anim Behav Sci. (2016) 185:1–8. doi: 10.1016/j.applanim.2016.09.012 

 48. French F. User Experience for Elephants: Researching Interactive Enrichment through Design and Craft. [Dissertation], The Open University, Milton Keynes, United Kingdom (2021). 

 49. French F, Baskin S, Gupfinger R, Webber S, Zamansky A. ZooJamming: designing beyond human experience. In: Proceedings of the International Conference on Game Jams, Hackathons and Game Creation Events 2019, ICGJ 2019. New York, NY: ACM (2019). p. 10:1–8. doi: 10.1145/3316287.3316294 

 50. Whitham JC, Miller LJ. Using technology to monitor and improve zoo animal welfare. Anim Welf. (2016) 25:395–409. doi: 10.7120/09627286.25.4.395

 51. Amir S. Automatic video analysis of motion-based dog behavior. In: Proceedings of the Fourth International Conference on Animal-Computer Interaction, ACI2017. New York, NY: ACM (2017). p. 18:1–6. doi: 10.1145/3152130.3152132 

 52. Pons P, Jaen J, Catala A. Towards future interactive intelligent systems for animals: study and recognition of embodied interactions. In: Proceedings of the 22nd International Conference on Intelligent User Interfaces, IUI '17. New York, NY: ACM. (2017). p. 389–400. doi: 10.1145/3025171.3025175 

 53. Schillings J, Bennett R, Rose DC. Exploring the potential of precision livestock farming technologies to help address farm animal welfare. Front Anim Sci. (2021) 2:639678. doi: 10.3389/fanim.2021.639678 

 54. Makinde A, Islam MM, Scott SD. Opportunities for ACI in PLF: applying animal- and user-centred design to precision livestock farming. In: Proceedings of the Sixth International Conference on Animal-Computer Interaction, ACI'19. New York, NY: Association for Computing Machinery (2019). p. 1–6. doi: 10.1145/3371049.3371055 

 55. Zamansky A, Roshier A, Mancini C, Collins EC, Hall C, Grillaert K, et al. A report on the first international workshop on research methods in animal-computer interaction. In: Proceedings of the 2017 CHI Conference Extended Abstracts on Human Factors in Computing Systems, CHI EA '17. New York, NY: ACM (2017). p. 806–15. doi: 10.1145/3027063.3052759 

 56. Rault J-L, Webber S, Carter M. Cross-disciplinary perspectives on animal welfare science and animal-computer interaction. In: Proceedings of the 12th International Conference on Advances in Computer Entertainment Technology, ACE '15. New York, NY: ACM (2015). p. 56:1–5. doi: 10.1145/2832932.2837014 

 57. Grillaert K, Camenzind S. Unleashed enthusiasm: ethical reflections on harms, benefits, and animal-centered aims of ACI. In: Proceedings of the Third International Conference on Animal-Computer Interaction, ACI '16. New York, NY: ACM (2016). p. 9:1–5. doi: 10.1145/2995257.2995382 

 58. Lawson S, Kirman B, Linehan C, Feltwell T, Hopkins L. Problematising upstream technology through speculative design: the case of quantified cats and dogs. In: Proceedings of the 33rd Annual ACM Conference on Human Factors in Computing Systems, CHI '15. New York, NY: ACM (2015). p. 2663–72. doi: 10.1145/2702123.2702260 

 59. Lawson S, Kirman B, Linehan C. Power, participation, and the dog internet. Interactions. (2016) 23:37–41. doi: 10.1145/2942442 

 60. Sanders CR, Arluke A. If lions could speak: investigating the animal-human relationship and the perspectives of nonhuman others. Sociol Q. (1993) 34:377–90. doi: 10.1111/j.1533-8525.1993.tb00117.x 

 61. van der Linden D, Zamansky A. Agile with animals: towards a development method. In: 2017 IEEE 25th International Requirements Engineering Conference Workshops (REW). Lisbon (2017). p. 423–6. doi: 10.1109/REW.2017.11 

 62. French F, Mancini C, Sharp H. Concept craft cards: deck of theoretical and practical suggestions for ACI developers. In: Creativity and Cognition, C&C '21. New York, NY: Association for Computing Machinery. (2021). p. 1–3. doi: 10.1145/3450741.3466816 

 63. Veasey JS. Assessing the psychological priorities for optimising captive Asian elephant (Elephas maximus) welfare. Animals. (2020) 10:39. doi: 10.3390/ani10010039

 64. Veasey JS. Can zoos ever be big enough for large wild animals? A review using an expert panel assessment of the psychological priorities of the amur tiger (Panthera tigris altaica) as a model species. Animals. (2020) 10:1536. doi: 10.3390/ani10091536

 65. Mancini C, Lehtonen J. The emerging nature of participation in multispecies interaction design. In: Proceedings of the 2018 Designing Interactive Systems Conference. Hong Kong: ACM (2018). doi: 10.1145/3196709.3196785 

 66. Pons P, Jaen J. Towards the creation of interspecies digital games: an observational study on cats' interest in interactive technologies. In: Proceedings of the 2016 CHI Conference Extended Abstracts on Human Factors in Computing Systems, CHI EA '16. New York, NY: ACM (2016). p. 1737–43. doi: 10.1145/2851581.2892381 

 67. Muns SJ, Hoy JM, Murray PJ. Microchips for macropods: first use of a microchip-automated door by a bridled nailtail wallaby (Onychogalea fraenata). Zoo Biol. (2018) 37:274–8. doi: 10.1002/zoo.21419

 68. French F, Mancini C, Sharp H. Exploring methods for interaction design with animals: a case-study with valli. In: Proceedings of the Third International Conference on Animal-Computer Interaction, ACI '16. New York, NY: ACM (2016). p. 3:1–5. doi: 10.1145/2995257.2995394 

 69. Hirskyj-Douglas I, Kankaanpää V. Exploring how white-faced sakis control digital visual enrichment systems. Animals. (2021) 11:557. doi: 10.3390/ani11020557

 70. Coe J, Hoy J. Choice, control and computers: empowering wildlife in human care. Multimodal Technol Interact. (2020) 4:92. doi: 10.3390/mti4040092 

 71. Coe J. Embedding Environmental Enrichment into Zoo Animal Facility Design. (2017). Available online at: https://www.researchgate.net/publication/317357052_Embedding_Environmental_Enrichment_into_Zoo_Animal_Facility_Design 

 72. Browning H. The measurability of subjective animal welfare. J Conscious Stud. (2022) 29:150–79. doi: 10.53765/20512201.29.3.150 

 73. Špinka M. Social dimension of emotions and its implication for animal welfare. Appl Anim Behav Sci. (2012) 138:170–81. doi: 10.1016/j.applanim.2012.02.005 

 74. Manteca X, Villalba JJ, Atwood SB, Dziba L, Provenza FD. Is dietary choice important to animal welfare? J Vet Behav. (2008) 3:229–39. doi: 10.1016/j.jveb.2008.05.005 

 75. Snowdon CT. The criteria for successful captive propagation of endangered primates. Zoo Biol. (1989) 8:149–61. doi: 10.1002/zoo.1430080515 

 76. Moon LE, Lodahl TM. The reinforcing effect of changes in illumination on lever-pressing in the monkey. Am J Psychol. (1956) 69:288–90. doi: 10.2307/1418162

 77. Coe J. Giving laboratory animals choices. Lab Anim. (1994) 24:41–2. 

 78. Špinka M. How important is natural behaviour in animal farming systems? Appl Anim Behav Sci. (2006) 100:117–28. doi: 10.1016/j.applanim.2006.04.006 

 79. Jones NAR, Webster MM, Salvanes AGV. Physical enrichment research for captive fish: time to focus on the details. J Fish Biol. (2021) 99:704–25. doi: 10.1111/jfb.14773

 80. LaFollette MR, Riley MC, Cloutier S, Brady CM, O'Haire ME, Gaskill BN. Laboratory animal welfare meets human welfare: a cross-sectional study of professional quality of life, including compassion fatigue in laboratory animal personnel. Front Vet Sci. (2020) 7:114. doi: 10.3389/fvets.2020.00114

 81. Sharp H, Preece J, Rogers Y. Interaction Design: Beyond Human-Computer Interaction. 5th ed. Newark, NJ: John Wiley & Sons, Incorporated (2019). 

 82. Nielsen J. Iterative user-interface design. Computer. (1993) 26:32–41. doi: 10.1109/2.241424 

 83. Hartson R. Human–computer interaction: interdisciplinary roots and trends. J Syst Softw. (1998) 43:103–18. doi: 10.1016/S0164-1212(98)10026-2 

 84. Truong KN, Hayes GR, Abowd GD. Storyboarding: an empirical determination of best practices and effective guidelines. In: Proceedings of the 6th Conference on Designing Interactive Systems, DIS '06. New York, NY: Association for Computing Machinery (2006). p. 12–21. doi: 10.1145/1142405.1142410 

 85. Walker M, Takayama L, Landay JA. High-Fidelity or low-fidelity, paper or computer? Choosing attributes when testing web prototypes. In: Proceedings of the Human Factors and Ergonomics Society Annual Meeting September 2002. Thousand Oaks, CA: SAGE Publications (2002). p. 661–5. doi: 10.1177/154193120204600513 

 86. Dow S, MacIntyre B, Lee J, Oezbek C, Bolter JD, Gandy M. Wizard of Oz support throughout an iterative design process. IEEE Pervasive Comput. (2005) 4:18–26. doi: 10.1109/MPRV.2005.93 

 87. Virzi RA. What can you learn from a low-fidelity prototype? Proc Hum Factors Soc Annu Meet. (1989) 33:224–8. doi: 10.1177/154193128903300405

 88. Preece J. Supporting user testing in human-computer interaction design. In: Maurer H, editor. New Results and New Trends in Computer Science Lecture Notes in Computer Science. Berlin: Springer (1991). p. 256–67. doi: 10.1007/BFb0038194 

 89. West R, Lehman K. Automated summative usability studies: an empirical evaluation. In: Proceedings of the SIGCHI Conference on Human Factors in Computing Systems, CHI '06. New York, NY: Association for Computing Machinery (2006). p. 631–9. doi: 10.1145/1124772.1124867 

 90. Gabbard JL, Hix D, Swan JE. User-centered design and evaluation of virtual environments. IEEE Comput Graph Appl. (1999) 19:51–9. doi: 10.1109/38.799740 

 91. Dam RF. 5 Stages in the Design Thinking Process. Interact Des Found. (2021). Available online at: https://www.interaction-design.org/literature/article/5-stages-in-the-design-thinking-process (accessed April 19, 2022). 

 92. Kwon J, Choi Y, Hwang Y. Enterprise design thinking: an investigation on user-centered design processes in large corporations. Designs. (2021) 5:43. doi: 10.3390/designs5030043 

 93. Simsarian KT. Design education can change the world. Interactions. (2019) 26:36–43. doi: 10.1145/3305362 

 94. Mancini C, Harris R, Aengenheister B, Guest C. Re-Centering multispecies practices: a canine interface for cancer detection dogs. In:Proceedings of the 33rd Annual ACM Conference on Human Factors in Computing Systems, CHI '15. New York, NY: ACM (2015). p. 2673–82. doi: 10.1145/2702123.2702562 

 95. Chisik Y, Mancini C. P for politics d for dialogue: reflections on participatory design with children and animals. In: Proceedings of the Sixth International Conference on Animal-Computer Interaction. Haifa: ACM Digital Library (2019). Available online at: http://oro.open.ac.uk/68268/ (accessed January 29, 2020). 

 96. Webber S, Carter M, Smith W, Vetere F. Co-Designing with orangutans: enhancing the design of enrichment for animals. In: Proceedings of the 2020 ACM Conference on Designing Interactive Systems. New York, NY: ACM (2020). p. 1713–25. doi: 10.1145/3357236.3395559 

 97. French F, Mancini C, Sharp H. Designing interactive toys for elephants. In: Proceedings of the 2015 Annual Symposium on Computer-Human Interaction in Play, CHI PLAY '15. New York, NY: ACM (2015). p. 523–8. doi: 10.1145/2793107.2810327 

 98. Hall C, Roshier A. Getting the measure of behavior … is seeing believing? Interactions. (2016) 23:42–6. doi: 10.1145/2944164 

 99. Webber S, Hirskyj-Douglas I. Reflecting on methods in animal computer interaction: novelty effect and habituation. In: Proceedings of the Eighth International Conference on Animal-Computer Interaction. Bloomington, IN: ACM (2021) 

 100. Warwick C, Arena P, Steedman C. Spatial considerations for captive snakes. J Vet Behav. (2019) 30:37–48. doi: 10.1016/j.jveb.2018.12.006

 101. Maple TL, Finlay TW. Applied primatology in the modern zoo. Zoo Biol. (1989) 8:101–16. doi: 10.1002/zoo.1430080511 

 102. Glaeser SS, Shepherdson D, Lewis K, Prado N, Brown JL, Lee B, et al. Supporting zoo asian elephant (elephas maximus) welfare and herd dynamics with a more complex and expanded habitat. Animals. (2021) 11:2566. doi: 10.3390/ani11092566

 103. Rosenzweig MR. Environmental complexity, cerebral change, and behavior. Am Psychol. (1966) 21:321–32. doi: 10.1037/h0023555

 104. Moberg GP, Mench JA. The Biology of Animal Stress: Basic Principles and Implications for Animal Welfare. Wallingford: CABI (2000). 396 p. doi: 10.1079/9780851993591.0000 

 105. Chiew SJ, Butler KL, Sherwen SL, Coleman GJ, Fanson KV, Hemsworth PH. Effects of regulating visitor viewing proximity and the intensity of visitor behaviour on little penguin (Eudyptula minor) behaviour and welfare. Animals. (2019) 9:285. doi: 10.3390/ani9060285

 106. Sherwen SL, Hemsworth PH. The visitor effect on zoo animals: implications and opportunities for zoo animal welfare. Animals. (2019) 9:366. doi: 10.3390/ani9060366

 107. Richter SH, Hintze S. From the individual to the population – and back again? Emphasising the role of the individual in animal welfare science. Appl Anim Behav Sci. (2019) 212:1–8. doi: 10.1016/j.applanim.2018.12.012 

 108. Wilson EO. Sociobiology: The New Synthesis. Cambridge, MA: Harvard University Press (2000). doi: 10.2307/j.ctvjnrttd 

 109. Krebs BL, Marrin D, Phelps A, Krol L, Watters JV. Managing aged animals in zoos to promote positive welfare: a review and future directions. Animal. (2018) 8:116. doi: 10.3390/ani8070116

 110. Eskelinen H, Winship K, Richardson J. Sex, age, and individual differences in bottlenose dolphins (Tursiops truncatus) in response to environmental enrichment. Anim Behav Cogn. (2015) 2:241–53. doi: 10.12966/abc.08.04.2015 

 111. Videan E, Fritz J, Schwandt M, Smith H, Howell S. Controllability in environmental enrichment for captive chimpanzees (Pan troglodytes). J Appl Anim Welf Sci. (2005) 8:117–30. doi: 10.1207/s15327604jaws0802_4

 112. von Streit C, Ganslosser U, von Fersen L. Behavioral development of two captive mother-calf dyads of bottlenose dolphins (Tursiops truncatus) in the calves' first year. Int J Comp Psychol. (2013) 26:176–96. doi: 10.46867/ijcp.2013.26.03.05 

 113. Vandenheede M, Bouissou MF. Sex differences in fear reactions in sheep. Appl Anim Behav Sci. (1993) 37:39–55. doi: 10.1016/0168-1591(93)90069-2

 114. Webber S, Carter M, Sherwen S, Smith W, Joukhader Z, Vetere F. Kinecting with orangutans: zoo visitors' empathetic responses to animals' use of interactive technology. In: Proceedings of the 2017 CHI Conference on Human Factors in Computing Systems. New York, NY: ACM. (2017). p. 6075–88. doi: 10.1145/3025453.3025729 

 115. Miller LJ, Vicino GA, Sheftel J, Lauderdale LK. Behavioral diversity as a potential indicator of positive animal welfare. Animals. (2020) 10:1211. doi: 10.3390/ani10071211

 116. Hirskyj-Douglas I, Piitulainen R. Developing zoo technology requirements for white-faced saki monkeys. In: Proceedings of the Seventh International Conference on Animal-Computer Interaction, ACI'2020. New York, NY: Association for Computing Machinery (2020). p. 1–12. doi: 10.1145/3446002.3446123 

 117. North S. Do androids dream of electric steeds?: the allure of horse-computer interaction. Interactions. (2016) 23:50–3. doi: 10.1145/2882529 

 118. Cobb ML, Otto CM, Fine AH. The animal welfare science of working dogs: current perspectives on recent advances and future directions. Front Vet Sci. (2021) 8:1116. doi: 10.3389/fvets.2021.666898

 119. Rioja-Lang FC, Connor M, Bacon HJ, Lawrence AB, Dwyer CM. Prioritization of farm animal welfare issues using expert consensus. Front Vet Sci. (2020) 6:495. doi: 10.3389/fvets.2019.00495

 120. Grandin T. Making slaughterhouses more humane for cattle, pigs, and sheep. Annu Rev Anim Biosci. (2013) 1:491–512. doi: 10.1146/annurev-animal-031412-103713

 121. Brandon S, Coe JC. Confronting Back-of-House Traditions: Primates as a Case Study. (2021). Available online at: https://www.eaza.net/about-us/areas-of-activity/animal-welfare/animal-welfare-webinars/ 

 122. Wemelsfelder F, Hunter TEA, Mendl MT, Lawrence AB. Assessing the ‘whole animal': a free choice profiling approach. Anim Behav. (2001) 62:209–20. doi: 10.1006/anbe.2001.1741 

 123. Brando S, Buchanan-Smith HM. The 24/7 approach to promoting optimal welfare for captive wild animals. Behav Proc. (2018) 156:83–95. doi: 10.1016/j.beproc.2017.09.010

 124. Allard S, Fuller G, Hamilton J. The roles of time and space in zoo animal welfare. In: Weaver J, editor. Animal Welfare: Assessment, Challenges and Improvement Strategies. Hauppauge; New York, NY: Nova Science Publishers (2016). p. 1–54. 

 125. Mejdell CM, Buvik T, Jørgensen GHM, Bøe KE. Horses can learn to use symbols to communicate their preferences. Appl Anim Behav Sci. (2016) 184:66–73. doi: 10.1016/j.applanim.2016.07.014 

 126. Ross SR, Calcutt S, Schapiro SJ, Hau J. Space use selectivity by chimpanzees and gorillas in an indoor–outdoor enclosure. Am J Primatol. (2011) 73:197–208. doi: 10.1002/ajp.20891

 127. Bloomsmith MA, Perlman JE, Hutchinson E, Sharpless M. Behavioral management programs to promote laboratory animal welfare. In: Weichbrod RH, Thompson GA, Norton JN, editors. Management of Animal Care and Use Programs in Research, Education, and Testing. Boca Raton, FL: CRC Press/Taylor & Francis (2018). doi: 10.1201/9781315152189-5

 128. Browning H, Moro L. A Multi-Sensory Enrichment Program for Ring-Tailed Lemurs (Lemur catta) at Auckland Zoo, Including a Novel Feeding Device. In: Proceedings of the 1st Australasian Regional Environmental Enrichment Conference. (2006). 

 129. Sørensen D, Ottesen J, Hansen A. Consequences of enhancing environmental complexity for laboratory rodents — a review with emphasis on the rat. Anim Welf. (2004) 13:193–204. 

 130. Coe JC. Design and perception: making the zoo experience real. Zoo Biol. (1985) 4:197–208. doi: 10.1002/zoo.1430040211 

 131. Cornou C. Automation systems for farm animals: potential impacts on the human-animal relationship and on animal welfare. Anthrozoös. (2009) 22:213–20. doi: 10.2752/175303709X457568 

 132. Fernandes J, Blache D, Maloney SK, Martin GB, Venus B, Walker FR, et al. Addressing animal welfare through collaborative stakeholder networks. Agriculture. (2019) 9:132. doi: 10.3390/agriculture9060132 

 133. Buchanan R. Wicked problems in design thinking. Des Issues. (1992) 8:5. doi: 10.2307/1511637 

 134. Dorst K. The core of ‘design thinking' and its application. Des Stud. (2011) 32:521–32. doi: 10.1016/j.destud.2011.07.006

 135. Dahlbäck N, Jönsson A, Ahrenberg L. Wizard of Oz studies - why and how. Knowl Based Syst. (1993) 6:258–66. doi: 10.1016/0950-7051(93)90017-N 

 136. Bolinger DJ, Albright JL, Morrow-Tesch J, Kenyon SJ, Cunningham MD. The effects of restraint using self-locking stanchions on dairy cows in relation to behavior, feed intake, physiological parameters, health, and milk yield. J Dairy Sci. (1997) 80:2411–7. doi: 10.3168/jds.S0022-0302(97)76193-9

 137. DeVries TJ, Vankova M, Veira DM, von Keyserlingk MAG. Short communication: usage of mechanical brushes by lactating dairy cows. J Dairy Sci. (2007) 90:2241–5. doi: 10.3168/jds.2006-648

 138. Lindig AM, McGreevy PD, Crean AJ. Musical dogs: a review of the influence of auditory enrichment on canine health and behavior. Animals. (2020) 10:127. doi: 10.3390/ani10010127

 139. Tenner E. Why Things Bite Back: Technology and the Revenge of Unintended Consequences. New York, NY: Vintage. (1997). 448 p. 

Conflict of Interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

Publisher's Note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.

Copyright © 2022 Webber, Cobb and Coe. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.



OPS/images/fvets-09-885973-t002.jpg
Mental wellbeing
Nutrition Environment |Health Behavior
Choice |Opportunity to |Moreand | Reduce | Choice in
choose different self-harming | food
between | features behaviors | acquisition
alemative  |relatedto | (€.g. behavior
foods foragingto | overgrooming)
choose from | through
increasing
foraging
Control | Agency in Agency in
feeding, acquiring
including food,
8 timing including
5 timing
& [Variety Wider variety | Greater variety Greater
£ offoods  |in variety of
9 environmental food
features acquisition
refated to tasks
foraging
Complexity |Complexity of | Greater Musoular
diet,including | complexity of | fitness for
weeklyor | envionmental |food
seasonal | features acquisition
variance related to
foraging

Bold border indicates opportunities identified as high priority for animal welfare.





OPS/images/fvets-09-885973-t003.jpg
Mental wellbeing

Nutrition | Environment | Health Behavior
Choice Choice of Achoiceof | Ability to
objectsand | waystomeet | choose
surfacesto | groomingand | between
interact with in | scratching | grooming-
the environment | needs related
behaviors
Control Agencyover  [AbTy 16 Freedom to
whenandhow [goomand  [perform
tointeract with  [scratch at wil, [grooming
8 diferent objects [e.g.. in and
H andsuface  |responseto  [scratching
2 tches or for  [behaviors at
§ stross any time.
Variety Wider variety of [Abiity to Allow for
grooming groom all parts [greater
related objects of the body  |variety of
and surfaces grooming/
scratching
behavior.
Allow for
individual
preferences
Complexity

Bold border indicates opportunities identified as high priority for animal welfare.






OPS/images/fvets-09-885973-g003.gif





OPS/images/fvets-09-885973-t001.jpg
Mental wellbeing

Competence

Nutrition | Environment | Physical | Behavioral
health interactions
Choice
Control
Variety
Complexity






OPS/images/fvets-09-885973-t004.jpg
Mental wellbeing

Nutrition | Environment | Health Behavior
Choice Choose Abilty to
between choose
alternative environments
auditory suited to
environments or eg. resting,
stimuli sleeping,
interactivity
Control Abilty to Abiity to Abiity to
change minimize rest, sleep,
8 the auditory | exposureto | interact etc.
% environment distressing when
£ auditory stimul | desired
8 | Variety Greater variety
of auditory
stimuli, less
predictabilty
Complexity Greater
complexity of
auditory
environment to
avoid
habituation

Bold border indicates opportunities identified as high priority for animal welfare.






OPS/xhtml/Nav.xhtml




Contents





		Cover



		Welfare Through Competence: A Framework for Animal-Centric Technology Design



		Introduction



		A Good Life for Animals



		Designing for Animal Wellbeing



		The Challenges of Animal-Centric Design







		Materials and Equipment



		The Five Domains of Animal Welfare Model



		The Coe Individual Competence Model



		Choice



		Control



		Variety



		Complexity



		Competence









		The Interaction Design Process







		Methods



		The Welfare Through Competence Design Opportunities Matrix



		Contextualizing and Prioritizing Design Opportunities



		Animal Species



		Context



		Population Goals



		Individual Goals









		Defining Animal-Centric Design Objectives



		Applying Interaction Design Process



		Step 1: Understand Animals' Needs and Wants



		Step 2: Identify Animal Centric Design Opportunities



		Step 3: Define Animal-Centric Design Opportunities



		Step 4: Define Project Design Objectives



		Step 5: Ideate to Identify Alternative Solutions



		Step 6: Develop Prototypes



		Step 7: Evaluate Against Design Objectives













		Anticipated Results



		Application in Zoos and Sanctuaries



		Application for Animal Production



		Application in Companion Animal Care







		Discussion



		Enabling Animal-Centric Design Practice



		Advancing ACI Debates and Scholarship



		Enabling Interdisciplinary ACI Research and Education



		Future Research to Expand the WtC Framework







		Conclusion



		Data Availability Statement



		Author Contributions



		References

















OPS/images/cover.jpg
& frontiers | Frontiers in Veterinary Science

Welfare Through Competence: A
Framework for Animal-Centric
Technology Design





OPS/images/fvets-09-885973-g001.gif
Y
N
L L





OPS/images/fvets-09-885973-g002.gif









OPS/images/crossmark.jpg
©

2

i

|





OPS/images/logo.jpg
& frontiers | Frontiers in Veterinary Science





