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ABSTRACT

CONTEXT: In systems design for livestock husbandry, the tendency is to focus on technical measures and to
control the behaviour of animals in order to reduce complexity and make system functioning predictable, thereby
often treating animals as agricultural objects. However, treating animals as agents and providing in opportunities
for animal agency — defined as being able to control the (social and physical) environment through choice and
decision-making by the animal based on individual preferences and demands - is recognized as being important
in having positive experiences and in achieving good animal welfare. The opportunity of an animal to use one’s
capacities to control one’s environment is important for the animal herself, and, at the same time, can contribute
to the functioning of the system.

OBJECTIVE: We propose a design approach, Animal Capacities in Design (ACiD), that enables engineers of
livestock systems to include animals’ capacities into the design process and promotes more animal agency in the
final design.

METHODS: The ACiD approach, which was partly developed through a series of workshops with engineers,
involves the systematic and structured consideration of animal physiological, morphological and behavioural
capacities as well as system functions and sub-functions in order to identify animal-based solutions.

RESULTS AND CONCLUSIONS: ACiD consists of different parts: a Brief of Capacities (BoC), BoC user guidelines,
and BoC application instructions. The BoC is a design tool that provides an overview of capacities of a specific
animal species, further specified and ordered by means of capacity attributes that provide additional information
to understand and deploy these capacities in the design process. An attitude shift towards ‘providing agency’
instead of the currently dominant engineering paradigm of ‘taking care of’ is needed for successful application.
ACID stimulates this change in attitude through the inclusion of animal agency in the design goals, the set-up of
an overview of requirements that includes positive welfare requirements, and it challenges engineers to (re)
define functions in such a way that they allow for non-technical solutions enlarging the solution space for more
active animal involvement.

SIGNIFICANCE: The ACiD approach facilitates and creates accessibility to relevant biological information for de-
signers during the design process and aims to integrate the animal and her capacities in new and sustainable designs
of livestock husbandry. The promise is a mutual beneficial relation between human goals and good animal welfare
in future livestock husbandry systems.
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1. Introduction

Agricultural systems, both arable and livestock, are essentially bio-
logical systems managed by humans. The leading paradigm in agricul-
ture since mid 20th century is one of increased efficiency, higher
volumes and predictable output. A challenge in designing livestock
production systems in a systematic way is dealing with the unpredict-
able and uncontrollable behaviour of the animals living in the system.
The dominant coping mechanism of this challenge is to eliminate as
much variation as possible by standardization, shielding the system and
the animal in it from outside perturbations, and by increasing levels of
control. Technology and artefacts are human interventions that ‘bring
order, predictability, and control over the future’ (Shahare, 2015). The
tendency to focus on technical measures for (biological) challenges
resulted in top-down controlled animal production systems (Bos et al.,
2003; Mitsch and Jgrgensen, 2003), characterized by a high level of
human control over an ever increasing number of parameters and the
treatment of animals as objects rather than as living and social beings
with their own goals, needs and interactions (human-animal, animal-
animal, animal-environment). Bos et al. (2003) call this the ‘unidirec-
tional control approach’ in which they pose that ‘nature is principally
non-cooperative, unless it is forced, therefore in order to reach certain
goals controls have to be added’. In animal production systems, humans
have far-reaching, often technologically mediated, control over many
system features such as distribution, availability, and variation of food
and water; quantity and complexity of space; and structure and diversity
of animal social groups (Mellor, 2016).

When referring to animals in production system it is custom to refer
to as ‘it” unless the relationship is personal (like a pet that has a name).
We believe however that the way animals are referred to has an effect on
the process and outcome of design processes; it helps designers in their
task to design for animals as sentient beings with their own goals, needs
and interactions. It is therefore that throughout this paper we refer to
animals using personal pronouns. Since the majority of animals in pro-
duction systems are female we use female personal pronouns.

Good animal welfare is of growing importance for animal production
systems in countries across the world; important for the animals them-
selves, as sentient beings, as well as for society. The high level of human
control and numerous technological interventions that are present in
current animal production systems however results in a low level of
freedom for animals to make their own choices and control their envi-
ronment (Mellor, 2016) in order to produce results that are desired for
themselves (Manteuffel et al., 2009; Spinka and Wemelsfelder, 2011).
The notion that animals have such choice and control is called animal
agency. Animals have a strong intrinsic motivation to perform all kinds
of behaviour (Bracke and Hopster, 2006) and have a strong desire to
engage and interact with their environment. If an animal cannot respond
to such intrinsic motivation or when she cannot control a situation or is
unable to adapt to it, she experiences distress (Bassett and Buchanan-
Smith, 2007), which can lead to negative welfare states such as
apathy (Wood-Gush and Vestergaard, 1989), fear or anxiety (Rodenburg
and Koene, 2007) and undesired behaviours like feather pecking in
laying hens (de Haas et al., 2014) and tail biting in pigs (Ursinus et al.,
2014). Possessing control, and thus having agency, has — from a bio-
logical and psychological perspective — a positive effect on the animal
and is not only desirable but a necessity for good animal welfare (Leotti
et al., 2010; Sambrook and Buchanan-Smith, 1997; Yeates, 2017).

To operationalize animal welfare in systems design, Bracke et al.
(1999) use the needs-based approach in which needs (e.g. need for food,
sex, social contact) that are intrinsically relevant for the animal are
listed. This approach provides insight into “what matters from the ani-
mal’s point of view”. Using the needs-based approach when designing
animal production system helps to avoid negative experiences for the
animal and aids in achieving basic welfare based on physiological and
ethological needs. However, good animal welfare goes beyond the mere
absence of negative experiences and fulfilling the animal’s needs; it also
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specifically includes positive experiences. Mellor (2012) refers to this as
‘positive welfare’. Positive welfare recognizes that an animal can have
positive emotions and moods, such as pleasure, confidence, feeling
secure, goal-directed engagement, curiosity, vitality, playfulness,
calmness, and contentment. An important aspect achieving a state of
positive welfare is for the animal to have agency; to be able to make
choices and thereby exert control over her environment. Thus, achieving
good animal welfare through design is more than fulfilling animal needs,
it should also provide in opportunities to experience positive welfare
states, which can be achieved through agency. When animals possess
agency, the animal herself — as an agent — has the ability to enhance her
welfare through influence and control over her environment (Wemels-
felder, 1997).

Design projects applying Reflexive Interactive Design (RIO, Dutch
Acronym) - an interactive structured design approach to contribute to
system innovation (Bos et al., 2009; Groot Koerkamp and Bos, 2008;
Puente-Rodriguez et al., 2019; Romera et al., 2020; van Weeghel et al.,
2016) —, show that the needs of animals can be successfully taken into
account when designing complex animal production systems. These
RIO-projects predominantly aim at fulfilment of animal needs of the
animal. In the RIO approach the animal is considered as a stakeholder,
but does not has the structure and tools to consider the animal as a
potential agent who can actively contribute to the animal production
system. This limits the opportunities for enabling animal agency within
this approach (van Weeghel et al., 2016).

An approach to enable agency, stemming from the social sciences, is
the capabilities approach (CA) which is a theoretical framework for the
conceptualisation of human welfare (Nussbaum, 2001; Sen, 1999). CA
claims that the freedom, for humans, to achieve well-being is vital and
well-being has to be understood in terms of people’s capabilities, that is,
“their real opportunities to do and be what they have reason to value”
(Robeyns, 2011). We prefer using ‘capacity’, instead of ‘ability’ or
‘capability’, because the latter imply a certain level of performance,
suggesting that an organism does something well (enough). Capacity
refers to the potential of the organism, regardless of how well the or-
ganism fulfils this potential with performed action. In this research we
define animal capacity as: “The ability of an animal to perform actions or
maintain/change their state through their physiology (internal pro-
cesses), morphology (external physical features) and/or behaviour (ac-
tions or inactions of animals (individuals and groups) to internal and/or
external stimuli) (cf. (Johnson and Raven, 2001)). Capacity is emergent
at the organism level, as opposed to, e.g., the atomic, molecular, cellular
or organ level (Reece and Campbell, 2011). Animal capacity is a theo-
retical concept, based on empirically identifiable characteristics which
are dependent on internal motivation and on social and physical
external conditions for realisation (Fig. 1). Capacities are present, albeit
(in)visible or latent, within the individual organisms. They are expressed
in the environment where they can become meaningful for both the
animal and its surroundings. As argued by Oosterlaken (2013), it seems
useful to integrate CA to promote agency in design, however, a sys-
tematic way to do this does not yet exist. Not for humans, and certainly
not for (production) animals.

An important principle of CA is to treat individuals, animals or
humans, as active participants who value opportunities to make choices
based on the individuals’ own motivation, instead of passive beings who
should be taken care of (Oosterlaken, 2013; Sambrook and Buchanan-
Smith, 1997). The classical approach of agricultural engineers is to
think in terms of ‘taking care of animals’ and to design facilities ‘for’
animals. Animals possess a variety of capacities, ideally, engineering
design (ED) incorporates those capacities that are motivationally-
driven, i.e. linked to a specific need. Design can motivate an animal to
engage in activities that are meaningful for the animal herself as well as
other system goals (Desmet and Pohlmeyer, 2013).

In this paper, we present the groundwork of a systematic design
approach, called ACiD: Animal Capacities in Design. ACiD serves as an
alternative to the classical approach of agricultural engineering and
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Fig. 1. Animal capacities, the performance of capacities is dependent on in-
dividual characteristics, motivation and social and physical external conditions.

supports designers to think in terms of ‘providing possibilities’ for ani-
mals to take care of themselves, and by doing this to contribute to ful-
filling system functions at the same time.

While we recognize that farmers are often part of interactive
participatory design processes of new livestock systems (Martin, 2015;
Meynard et al., 2012; Moraine et al., 2017) we do not consider them to
be designers in the ACiD approach. We consider designers to be those
who are trained in engineering and therefore do not necessarily have a
background in biology or have practical experience with the animals
involved. Since biological knowledge can be highly useful when pre-
sented and used at the right moment in ED (Sartori et al., 2010), our
approach is a systematic guidance to enable designers to integrate bio-
logical knowledge into the ED process. It helps designers to consider the
animal and her capacities as a potential source to fulfil functions in the
design process and facilitates in overcoming 1) lack of knowledge of the
animal, 2) bias towards current knowledge or practice in ED resulting in
being blind for the non-obvious, previously unused behaviour, 3) heu-
ristics and chance because of a lack of systematic guidance, 4) lack of
confidence in the specific capacity or behaviour of the animal as a so-
lution, and/or 5) fear for the unknown and unpredictable variation. The
ACiD approach enriches existing engineering design methods (in this
paper we use the RIO method) by adding biological knowledge of the
animal in the form of capacities. The objective of ACiD is twofold, to
enable engineers to incorporate animal capacities in the design process
and to promote more animal agency in the final design. The approach
makes relevant biological information accessible to engineers, enabling
them to integrate the animal and her capacities in the design of livestock
systems.

We start with a description of the ACiD approach and its parts, and
how we came to a first draft of a capacities overview. Then we describe
how we used engineer work sessions to further develop and validate the
ACiD approach. In the results we present the final capacities overview —
called the final Brief of Capacities. We also describe how to use and
apply the Brief of Capacities and which adjustments to some of the en-
gineering design steps are necessary to be able to involve the animal as
an agent and to come to animal capacities-based solutions. In the dis-
cussion we discuss the most striking insights obtained in the engineer
work sessions.

2. Materials and methods
2.1. Animal capacities in design approach
The Animal Capacities in Design (ACiD) approach aims to incorpo-

rate capacities of animals in the design of sustainable livestock hus-
bandry systems and consists of several parts. ACiD has three parts 1) the
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Brief of Capacities (BoC), 2) BoC user instruction and 3) BoC application
instruction. The first part, the BoC, is a design tool that provides an
overview of capacities (ordered into categories) of a specific animal
species and gives additional information to understand and deploy these
capacities in the design process. The BoC enables engineers to enlarge
the (technical) solution space and to consider the biological domain in a
structured manner. At the same time it is a heuristic tool to trigger the
mind. The overview is called a Brief of Capacities because its structure
resembles that of the Brief of Requirements commonly used in ED, which
is an overview of the requirements for the system that will be designed.
The second part of ACiD is the BoC user instruction, which — briefly —
explains how to deploy the BoC in order to generate animal involved
solutions. The third part, the BoC application instructions, gives direc-
tion on how to apply the BoC in ED and the necessary adjustments of the
ED design steps to be able to incorporate animals — as agents - in the
design process.

ACiD can be used as an add-on in any structured design approaches,
such as ED or derivates thereof, as long as the elementary design steps
are present and include: design goals, (quantitative) requirements, sys-
tem functions, solutions and selection and compilation of solution to
form the design. The RIO approach is used in this paper, which is an
adapted version of ED (Siers, 2004). For a description of the RIO design
process and most recent insights see van Weeghel et al. (2016), and for
an overview of projects that applied RIO and the results in practice see
Elzen and Bos (2019).

2.1.1. Meta criteria of ACiD

The ACiD approach is considered successful when it guides designers
in the application of animal capacities in design solutions, while at the
same time increasing the chance that livestock animals strengthen their
agency within this (designed) environment. An important normative
objective is that this contributes to good animal welfare — including
positive welfare — for the animals involved, and preferably introduces
none or few trade-offs with the needs and requirements of other stake-
holders. In other words, the animal should be internally motivated to
fulfil her needs and as a result express or perform certain desired ca-
pacities; the capacities become functional for the system when being
applied for system goals and functions.

To achieve these objectives, the following meta criteria apply for
ACiD: 1) it helps to find (novel) solutions wherein animals are involved
(animal-based solutions), 2) it is understandable for engineers with
varying levels of biological knowledge, and 3) the BoC as a tool is
logical, readable and usable. Therefore the BoC should include the
following information: a) a clear overview and description of animals’
capacities, b) the possible result(s) of the capacity, c) the variation in the
way the capacity can be expressed, and d) the external conditions to
perform the capacity in the environment.

2.1.2. Elementary biological content of the brief of capacities

The Brief of Capacities is an overview of the capacities of an indi-
vidual of a specific animal species, including relevant biological infor-
mation of a capacity, so as to be able to incorporate animal capacities in
ED. While giving a full overview and detailing of the capacities of a
specific animal species is not the purpose of the current paper, some
biological content is needed in order to adequately set-up and explain
the BoC. Therefore, we use a BoC with elementary — not exhaustive —
biological content. A workable BoC should have enough biological
content and variation to perform the initial set-up of the BoC structure. A
first version of a BoC (BoC 1.0) was drafted based on the BoC meta
criteria, the findings of the biological content data search and the pre-
vious experience with RIO and redesign projects.

There are four categories in which animal capacities can be sub-
divided: 1) ethological/behaviour, 2) autonomy/physiology, 3) cogni-
tion/mentally, and 4) morphology (Reece and Campbell, 2011). For the
initial set-up of the BoC, biological information found in animal science
literature including ethograms, and expert consultations were used.
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2.1.3. Engineer work sessions

Engineer work sessions (EWS) were organised to further develop and
validate the ACiD approach. The intended result of the EWS was
threefold: 1) improved versions of the BoC structure, 2) user instructions
for the autonomous use of the BoC as a tool, and 3) BoC application
instructions in ED, including the necessary conditions in the overall
design process for the successful application of ACiD.

Three consecutive EWS were held, starting with a session with par-
ticipants with a low level of engineering experience, followed by ses-
sions with participants with more experience and so on (Table 1). After
each session, the BoC was updated to a new version and implemented in
the next session. As such we aimed at gaining more insight into what
engineers at different levels of experience needed in order to involve the
animal and her capacities in the design process and to think of animal-
based solutions. Every EWS had the same facilitator and an observer
present. In each EWS the same design assignment was presented. In
short, the design assignment asked the participants to formulate func-
tions and generate solutions for the following objective “A healthy living
environment for pigs anytime of the year”. In the first and second EWS
the design assignment consisted of three consecutive assignments that
built upon the previous one, starting without any imposed animal focus
and ending with the direct question to come up with animal-based so-
lutions only: 1) An open question to formulate functions and generate
solutions; 2) An additional question to generate more solutions that
involve the animal; and 3) the provision of the BoC and BoC application
instructions in order to, more systematically, generate animal-based
solutions. In the third EWS the BoC was directly given and partici-
pants were asked to do the assignment individually at first. After the
individual exercise, the assignment was repeated in groups. This resul-
ted in the participants having an intensive brainstorm on the structure of
the BoC and application of ACiD in the design process.

Table 1

Overview of the set-up and results of three engineer work sessions (EWS) that
were organised to further develop the BOC as a tool and to improve the BOC
application instructions. V=Version.

EWS1 EWS2 EWS3
Objective Test and develop Test and develop Validation of BoC
BoC BoC Validation of BoC
Set-up BoC user Set-up BoC user user instructions
instructions instructions Validation of BoC
Observe BoC Observe BoC application
application application instructions
Participants BSc and MSc PhD students (n = Engineer professors
students (n = 4) 3) of the Farm of the Wageningen
who successfully Technology Group University and
followed the of Wageningen engineer
courses engineering  University professionals (n = 4)
design and from the agri-
biosystems design practice
at Wageningen
University
Input Design assignment Design assignment Design assignment
BoC 1.0 BoC v2.0 BoC v3.0
BoC application BoC application BoC user
instructions 1.0 instructions v2.0 instructions
BoC application
instructions v3.0
Output Filled design Filled design Filled design
assignment assignment assignment
Evaluation of the Evaluation of the Evaluation of the
BoC BoC BoC
After BoC v2.0 BoC v3.0 BoC v4.0
synthesis Preliminary BoC Preliminary BoC BoC user
& analysis user instructions user instructions instructions v4.0

BoC application
instructions v2.0

BoC application
instructions v3.0

BoC application
instructions v4.0
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3. Results

The ACiD approach is essentially a package of different parts and
consists of the final BoC (3.1), BoC user guidelines (3.2) and BoC
application instruction for the different steps of an engineering design
method (3.3). The three parts are described separately in the next
paragraphs.

3.1. Final BoC

The experiences and insights derived from setting up BoC version 1.0
and the three EWS leading to BoC version 4.0, were used to finalise the
BoC. Basically the BoCis a grid, with on each row one capacity and in the
columns a further specification for that capacity, ordered by different
capacity attributes. The most fundamental change of the final BoC
structure compared to earlier versions is the capacity attributes that are
used to describe the capacities. The final BoC gives an overview of the
capacities of — in this case — the pig and all the necessary information
needed to explain the capacity according to different capacity attributes.
The capacity attributes are: description, specifications, behaviour,
associated needs, category, activity type, conditions (external and in-
ternal), and variation. The final BoC is presented in Table 2 and the
capacity attributes are explained in Table 3. In the BoC the terms ‘object’
and ‘subject’ are used, they differentiate between the living (subjects)
and non-living (objects). Subjects do not have to be the same species and
can be humans as well. Objects can refer to permanent hardware but also
to non-living material that is present only temporary.

As defined earlier, a capacity is”the ability of an animal to perform
actions or change/maintain their state through their physiology,
morphology and/or behaviour.” Following this definition, the capacity
is formulated from the perspective of the animal. For example, the ca-
pacity to move is formulated as ‘locomote oneself’ rather than ‘animal
moves’. The capacity is formulated as a function - a verb plus noun - in
order to align the functional analysis step in ED with the capacities in the
BoC (3.3.3). The capacity formulation is placed in the first column of the
grid.

The description attribute is used to elaborate on the capacity formu-
lation, going beyond the abstract functional style of verb + noun. This
column is therefore less practical to bridge with ED, because it is less
technical, but does provide essential information to specify the meaning
of the capacity.

The specification attribute describes how the capacity could be ach-
ieved and includes: body parts used, direction (of movements), and
specific skills such as language. The specification attribute is set-up in
such a way that it can be put behind the capacity formulation and make
a logical sentence. For example, ‘move object/subject’ - ‘with paw’; and
‘interact with object/subject’ - ‘through olfaction’.

The behaviour attribute provides examples of the capacity when
performed. These behavioural examples can be found in ethograms in
animal science literature. Since the behaviours included are examples,
the set is not exhaustive. They explain in more biological terms what the
capacity can lead to when put into practice: the performance. The
disadvantage of inserting this attribute is that the mind is focused on
these ‘well-known’ possibilities and perhaps other possibilities are
overlooked or are not thought of. For example: maybe pigs can be taught
sign language by using ears and tail, but this will not emerge as an option
if the mind is already focused on communication by mouth.

To make a connection between the capacity and the relevance for the
animal the associated needs attribute was constructed. It does not directly
answer how important it is for the animal or how motivated the animal
is to perform the capacity, but it does indicate which need(s) are pre-
dominantly related. Only the most, directly, related needs are included
in the BoC.

The category attribute differentiates the activity into three different
categories: 1) ethology (including the category: cognition/mental) (E),
2) physiology (P), and 3) morphology (M). Ethological behaviour is



Table 2
Overview of the brief of capacities of the pig structured by capacity (rows) and capacity attributes per capacity (columns).
Capacity Description Specifications Behaviour Associated needs Category  Activity type Conditions Variation
External conditions Internal conditions
Physical Social Physical
Locomote animal moves from point A forward, backward, walk, hop, pivot, locomotion E action space, surface,  subject (incase of  locomotory speed
oneself to point B sideways, upward, gambol, glide, roll, object group apparatus
downward jump, play, swim, performance)
climb
Manipulate exploration, E object to subject to
object/ foraging manipulate manipulate
subject
animal gains knowledge with snout, mouth, bite, chew, grasp, sense (olfactory, facial apparatus processing
tongue and teeth nibble, suckle, graze, auditory, speed
root gustatory,
touching, visual)
with paw(s) scratch, stand on sense (olfactory, locomotory processing
auditory, apparatus speed
touching, visual)
animal manipulates object/ with snout, mouth, bite, chew, grasp, action facial apparatus strength, force
subject tongue and teeth nibble, suckle, graze,
root
manipulate with scratch, stand on action locomotory strength, force
paw(s) apparatus
Express animal indicates intention, social, safety E action - -
oneself animal expresses emotion,
communication with object/
subject
verbally/vocally grunt, squeal, vocal instrument volume,
vocalization duration
non-verbally/ with body posture, body part(s) shape
body signals positioning ears/tail,
back arch, tail
wagging
Generate heat  residual heat from metabolic ~ through glycolysis physical effort, thermoregulation, P process, action food, space gastrointestinal body weight,
processes is generated, or (oxidation of metabolism health tract, locomotory production
additional sensible heat is glucose) apparatus rate
produced
Transfer heat energy from the body is thermoregulation P integumentary temperature
transferred to the system
environment or vice versa
through radiation radiation process conductive
(heat emission from environment
skin to air)
through conduction huddle social action objects subjects
(heat transfer
through skin
contact)
through cooling wallowing, water health, body care action mud, water
down contact, panting,
sweating, contact
cool surface
Exert weight animals puts pressure or gravity standing, pushing - M - surface weight,
weight on something pressure,
strength

D 32 19Y82oM UDA H[H
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Table 3
Explanation of the capacity attributes of the brief of capacities.
Capacity Description
attribute
Capacity Capacities are formulated as a function, a verb plus a noun, from
the perspective of the animal
Description The description describes the capacity more elaborate than the
‘verb + noun’ construction. So, ‘locomote oneself’ is described as
the animal moves from point A to point B
Specifications Here is described how the capacity is achieved; which body parts
are used, in which directions the capacity can take place, and
specific skills. So for ‘locomote oneself’, the movement can go
forward, backward, sideways as well up- and downwards and
‘express oneself’ is verbally/vocally
Behaviour The different behaviours that give expression to the capacity, but
are not limited to the examples provided in the Brief of Capacities
Associated There are 14 needs identified for pigs: social, safety, foraging,

needs exploration, resting, maternal, reproduction, satiation,
thermoregulation, health, body care, respiration, excretion, and
locomotion (Bracke et al., 1999; Wageningen UR Project team
‘Animal Oriented Design for Pigs’, 2012)

Category There are three categories: ethological (includes cognition) (E),
physiology (P), and morphology (M)

Activity type There are three activity types: sense, process, and action

Conditions The conditions necessary to perform the capacity. Divided into
internal conditions: the animals’ physical condition, and external
conditions: such as physical environment and social conditions

Variation Physical and biological characteristics that indicate the variation

of the capacity, such as speed, weight, temperature, duration,
shape, force, processing speed, complexity, volume

behaviour that the animal can express deliberately, such as locomotion,
foraging, reproductive and resting behaviour. Mental activities are the
activities of thinking, understanding, learning, and remembering.
Cognitive skills are the ‘mechanisms by which animals acquire, process,
store and act on information from the environment’ (Shettleworth,
2001). Physiology comprises visceral functions that are controlled
automatically, e.g. the cardiovascular, digestive, respiratory, immune
and excretory system. Morphology is the external spatial form and state
of the animal, the animals’ habitus. The category column distinguishes
voluntary behaviour (E) and autonomous states (P&M) on an abstract
level. There is a difference in applying a capacity that is based on non-
autonomous behaviour, or on autonomous processes, since behaviour
needs to be elicited when needed, while autonomous processes and
habitus are just ‘present’ or not at a certain point in time.

The activity attribute differentiates the capacity into three categories:
1) sensing, 2) processing, and 3) acting. Sense is the state where infor-
mation is acquired and generally used for cognitive processes by the
animal. Thereafter the acquired information is processed, which entails
memorization, retrieval and decision-making processes as well as
autonomous internal processes such as digestion and emission of heat
and carbon dioxide. After processing, the animal can express herself by
performing an action. This differentiation into activity types is made to
explain — in engineering terms - the different stages at which a capacity
can be present and clarifies the sequence to follow. For an action to take
place it is — usually — preceded by a sensing activity in which information
is acquired. For example, if one wants to provide a differentiated area
specially adapted for foraging behaviour which can be entered by a one-
way gate, the animal needs to be able to find the gate and be willing to
use it. Therefore the preceding steps before the action need to be
acknowledged and consist of acquiring the necessary information
(sensing) and processing this. Some capacities are directly satisfying for
the animal, and other capacities are a means to achieve another goal.

Going from capacities to their actual expression in performed
behaviour depends on specific internal motivation and environmental
(social and physical) conditions, and this information can be found in
the conditions attribute. Internally, if the animal is physically able to give
expression to the capacity, for example to be able to ‘locomote oneself’
the animal needs to possess a functional ‘locomotory apparatus’.
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External conditions include the physical environment, in order to
locomote space and surface are needed, and may include the social
environment as well: in order to interact with another living entity,
another living entity needs to be present.

One of the needs for information on a capacity is how much an an-
imal can express the capacity. For instance: how fast, how long and how
far an animal can locomote. In the variation attribute the different types
(physical and biological characteristics) of variation of the capacity are
specified, such as ‘speed” for locomotion, but without further
quantification.

3.2. BoC user instructions

The engineer work sessions showed, through the application of the
BoC, two approaches to generate solutions that involve the animal. In
the first approach, the BoC was queried in search of animal capacities
that could fulfil the defined functions, making the link between the
engineering and the biological domain. In the second approach, the BoC
was used as a heuristic device that helped the designer to think of new
ideas to incorporate animal capacities. As such, the BoC functioned as an
aid by offering an overview of possibilities through which the engineer
could transpose biological information to the engineering domain.
Reading, or scanning the BoC triggered the mind of the designer to
search and design for alternative biological solutions, outside the tech-
nical realm.

In the application of the BoC, the capacity formulation appeared to
be the most important entry. The functions were (re)defined through
iterations with the BoC (see 3.3.3 functions) and were therefore — to a
certain extend — analogous with the capacities. There were several at-
tributes that could be used, such as the specification attribute when
specific body parts or skills were needed (e.g. paw, vocalization, olfac-
tion), the behaviour attribute when a specific behaviour was necessary
(e.g. mounting, biting), and the associated needs attribute for the search
on capacities that were associated with certain needs (e.g. thermoreg-
ulation, excretion). These attributes could be helpful, but further
application of the BoC must show what works and how.

3.3. BoC application instructions

The following design steps are usually part of an engineering design
method (see Fig. 2 for a visualisation of these steps within RIO): A) Goals
and key challenges, B) System analysis, C) Key actors and analysis of
needs, D) Briefs of requirements, E) Design goals, F) Key functions, G)
Morphological chart, H) Design concepts and N) Detailed proposals. The
BoC is applied in the function formulation (step F) and in the generation
of solutions (step G). However, to successfully apply the (more encom-
passing) ACiD approach in the design process some adjustments and
considerations to other design steps are needed as well (Fig. 2). All of
these are elaborated below.

3.3.1. Goals (step A and E)

During the formulation of the design goals (steps A and E), it is
crucial to embed animal agency in the system to be designed. To be able
to consider the animal as a contributor in design, this mental shift — from
animals with a passive role towards animals with an active role - should
be made explicit at the very beginning. Therefore, at least two goals are
formulated, a production goal and an additional goal specific for this
ambition, e.g. “Animals in the production system have (some degree of)
agency, i.e. animals can make their own choices and act upon them”.
Emphasizing the animal’s role and thereby expanding the focus from a
solely technical point of view to a view which includes animal capacities
will lead to “the formulation of a different set of design criteria and
therefore fundamentally different designs” (Hall and Lima, 2001). As an
example: in the 70s of the twentieth century the design goal of a tiger
enclosure was ‘to display a tiger’ and in the 90s the goal was formulated
as ‘create an optimal habitat for a tiger’ (Hall and Lima, 2001). Leading
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to two fundamentally different designs and enclosures for tigers.

3.3.2. Requirements (step D)

The BoC strives to show as much of the animal potential as possible
and the capacities identified do not contain (implicit) compromises with
other considerations than the animal. However, there can be potential
solutions that are undesired from an animal’s point of view. Therefore,
when constructing the Brief of Requirements — which is an overview of
all the requirements that the newly designed system has to meet in order
to meet the animals’ needs - also requirements with respect to animal
agency should be included. These requirements are important to
consider for two reasons, 1) to make sure no (unintentional) harm to the
animal is being done, and 2) to make sure that the initial goal of more
animal agency is being achieved. For example, the following require-
ment could be added: “the animal has multiple options to choose from”.
The Brief of Requirements specifies strict and optional conditions and
has a different purpose in the design process than the BoC which is a
heuristic instrument. Including such requirements in the Brief of Re-
quirements stimulates the use of the BoC for its intended purpose: pro-
mote animal agency, not the mere utilization of animal capacities.

3.3.3. Functions (step F)

In the function analysis step, the (sub)system to be designed is
defined in precisely formulated functions. Finding suitable and effective
solutions depends on a detailed function analysis and precise function
definition. Function analysis facilitates the generation of solutions, but
‘are not ends in themselves’ (Pahl and Beitz, 2013). However, the
function analysis is a critical step and an intervention to incorporate
animals in the solutions. It is in the function analysis that the focus was
on the technical domain, but is now broadened with the biological
domain. To enable incorporation of animal capacities: 1) abstraction
and 2) decomposition of functions are needed, which is described
hereafter.

3.3.3.1. Function abstraction. Traditionally, ED focuses on finding a

technical solution for a (technical) problem. Most often, this technical
focus is reflected in the way functions are defined, by assuming
(implicitly) that solutions for these functions will have to be added to the
system (instead of already being present). In case of animal production
systems this can be seen in function definitions that assume that either
humans or technology have to fulfil a certain need or activity. For
instance: animal thermal comfort can be fulfilled with a function such as
‘control temperature’. However, functions need to be defined in such a
way that it includes possibilities to let the animal fulfil the function.
These functions should enable not only ‘for the animal’ but moreover ‘by
the animal’ solutions. There are two ways to widen the scope of the
function definition: a) through semantics, and b) by interaction with the
BoC.

a) Semantics

Word use is critical in formulating functions. Finding the best fitting
description to define the task (what needs to be done) is not straight-
forward. Function definitions (at least) contain a verb and a noun.
Changing the verb or noun may enlarge the solution space to include the
animal as contributor. Usually, terms like ‘control’ and ‘do/make’ are
used, e.g. ‘control temperature’. However, these words do not neces-
sarily mean that humans and technology should realise this function. In
practice, one is often (unconsciously) biased to look for technical solu-
tions and the choice of verbs strongly determines the solution scope and
space. Alternative verbs that broaden the scope are e.g. ‘provide’,
‘facilitate’, ‘enable’, ‘stimulate’, ‘entice’, ‘elucidate’. In this way the
function ‘control temperature’ could transform in ‘facilitate thermal
comfort’, which describes what needs to be done in a less controlling
manner and leaves more room to find animal-based solutions.

b) Interaction with BoC

There is still a conceptual gap between abstracted functions in the
function analysis and the animal capacities in the BoC. Design processes
are iterative and in the function analysis several iterations between the
function formulation and the BoC need to be made. Switching back and
forth between functions and the capacities formulation of the BoC will
rearrange and change the formulation. The capacities in the BoC trigger
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the engineer to reformulate and rearrange functions differently and help
to create the necessary mind-set. After abstraction, and in interaction
with the BoC, functions should represent the precise intention and make
the connection with the biological domain.

3.3.3.2. Function decomposition. Decomposing functions into sub-
functions facilitates the subsequent search for solutions. Sub-functions
can be further decomposed into sub(sub)functions until the necessary
system level is achieved. Breaking down functions into detailed sub-
functions gives more specific intervention points, and results in a
wider range of possible solutions, including specific animal behaviours
(van Weeghel et al., 2016). The combination of these sub-functions are
represented in a simple and clear function structure (Pahl and Beitz,
2013). In Table 4 we show an example of a function structure for the
function: facilitate thermal comfort. Function decomposition enables
the creation of composed solutions, in which both technical and bio-
logical partial solutions can play a role.

3.3.4. Morphological chart (step G)

A morphological chart is an overview of the functions (the what) and
their solutions (the how). Normally this overview has no distinction in
solutions, but, to ensure animal-based solutions we propose to divide the
morphological chart into technical and biological solutions. The
morphological chart could therefore be split up into three categories of
solutions: 1) technology-based, 2) human-based, and 3) animal-based
(van Weeghel et al., 2016). Category one and two can be filled
through the conventional engineering method, the animal-based cate-
gory, can be found through the application of the BoC. In Table 5 an
example of a morphological chart for the function ‘facilitate thermal
comfort’ is given.

4. Discussion

This research is, to the best of our knowledge, the first within the
design of sustainable livestock husbandry systems domain that attempts
to offer a structural approach for promoting animal agency in the final
design and animal contribution to the system functioning. This paper
describes ACiD as an approach and is not applied nor validated in a
practical situation or case yet. Therefore, the meta criteria (2.1.1.), such
as ‘generating novel animal incorporating solutions’, ‘being under-
standable’ and ‘readable for engineers’, are not yet evaluated for suc-
cess. In the discussion we go into more detail about the experiences of
the engineers working with ACiD in the engineer work sessions (4.1), the
conceptual construct of capacities (4.2), and the implications for the BoC
and further research (4.3).

4.1. Working with ACiD

In the engineer work sessions (EWS) the struggle with the formula-
tion of functions became apparent. All of the initial functions — without
animal-related considerations — were formulated as ‘control tempera-
ture’, ‘regulate temperature’, ‘control healthy climate’ and ‘cool

Table 4
Function structure of the function: facilitate thermal comfort.

Sub-function Sub(sub)function

Provide thermal affordances™ Provide warming affordances

Provide cooling affordances

Enable access to warming affordances
Enable access to cooling affordances
Operate warming affordances
Operate cooling affordances

Use warming affordances

Use cooling affordances

Enable access to thermal affordances
Operate thermal affordances

Use thermal affordances

" affordances refers to all the possibilities to interact with or act on an object
based on users’ capacities.
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animal’. When asked to generate animal-related solutions, the engineers
came to the conclusion that the currently formulated functions did not
suffice to consider animals in the solutions, and they concluded collec-
tively that they were constrained by the words chosen. This is
acknowledged in ACiD through an explicit process step in the function
analysis where functions are reformulated and decomposed (3.3.3.).
Function analysis and decomposition allows to shift the focus from
solely technical to include biological possibilities as well. In engineering
literature, there is a large body of knowledge just on the aspect of
function analysis alone, that we did not cover. For example, for ana-
lysing functions of all kind of artefacts Rosenman and Gero (1998)
propose a Function-Behaviour-Structure design model. This is a more
sophisticated function model — by distinguishing between behaviour and
structure — and could improve the contribution of ACiD to the definition
of functions, than the model of Siers (2004) which uses a verb + noun
structure, that we used.

During the three EWS it became apparent that ACiD helps the engi-
neers to obtain a different mind-set. Primarily, because the engineers
were forced to structurally consider the animal at different design steps
and were stimulated in contemplating how the animal could contribute.
Andreasen (2003) concluded that tool users often lack the necessary
mind-set for the correct application of a tool. This was demonstrated in
the EWS: some ACiD users were naturally hesitant and doubtful about
the animal as a contributor, thereby doubting the approach’s added
value. In the feedback the main reason given was the (perceived) inse-
curity of ‘giving away’ control. Uncertainty underlies this strong
adherence to control. Uncertainty, (1) on how to regulate a system that
is partly dependent on animals and their actions, (2) on how to deal with
unintended consequences: more behavioural freedom of animals leads
to new interactions and conditions and therefore unforeseen emergent
properties, and (3) on the display of undesired behaviour by the animal
because of a higher degree of ‘freedom’. In practice though, every design
already has unintended consequences. Designed system elements are
often used differently by the user than intended by the engineer or
designer in general. The theory of affordances of Gibson defines affor-
dances as ‘an action possibility available in the environment to an in-
dividual, independent of the individual’s ability to perceive this
possibility” (Greeno, 1994). In other words, affordances are the (in)
visible, (un)known and (un)desirable possibilities in the environment on
which the user can act. In the design of livestock systems in which an-
imals have more action possibilities, the aim is to create affordances that
support desired behaviour and avoid undesired behaviours. Designers
that design the structure of a system are in fact creating and changing
affordances (Maier and Fadel, 2009). Affordances as a concept is not
employed in the animal incorporating approach, however it is certainly
a point of interest (Fig. 1).

4.2. Capacities

We use the concept of capacities to make the connection between the
animal and the engineering domain. However, abstraction of the myriad
of variations of what the animal could display and perform is necessary
for a capacity to be used fruitfully in a design process. Also, several it-
erations are needed to come from biological information, to functions
and eventually to solutions. Abstraction and iteration are means to cope
with the complexity of incorporating the animal - represented by ca-
pacities and not as an animal being physically present — in the design
process as a contributor to system functions. An engineer must keep in
mind that a capacity is a complex construct that depends on an animal’s
individual characteristics and her external environment in the way it is
expressed. Therefore, solutions based on animal capacities need further
research and detailing in practice, for instance through rapid prototyp-
ing where design iterations are tested in a practical context and should
always include the animal’s participation, such as preference demand
testing (Mancini, 2013).

In this research, an overview of an animals capacities was made to
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Table 5

Morphological chart of the function: facilitate thermal comfort.
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Human-based solutions Animal-based solutions

Sub-function Sub(sub)function Technology-based solutions
Provide thermal Provide warming e Heater
affordances™ affordances e Warm wall
e Warm floor/carpet
Provide cooling e Air-conditioning
affordances e Shower
e Mud pool
e Cool floor/carpet
Enable access to thermal Enable access to warming e Gates
affordances affordances e Space
Enable access to cooling e Gates
affordances e Space
L]

Operate thermal

Operate warming

Automatic temperature

affordances affordances control system
Operate cooling e Automatic air-conditioning
affordances control system

Use thermal affordances Use warming affordances

Use cooling affordances

Generate heat
Transfer heat

e Provide straw

Transfer heat

Provide water/mud

Escort animals

Walking towards warming affordance

Escort animals

Walking towards cooling affordance

Manually control
temperature

e Manually control air-
conditioning

Manipulate temperature control system (through
snout, mouth, tongue, teeth, and/or paws)
Manipulate air-conditioning (through snout, mouth,
tongue, teeth, and/or paws)

Hugging warm wall

Huddling

e Lying on warm floor/carpet

e Lying on cool floor/carpet

Wallowing in (mud) pool

" affordances refers to all the possibilities to interact with or act on an object based on users’ capacities.

assist in connecting the engineering and biological domain. However,
one cannot examine these capacities as parts in itself without consid-
ering the whole — the animal and its environment — with all its (un)
known relations and interactions. While the BoC helps to find capacities
of interest, the task of the designer remains to consult biologists,
ethologists, biological literature and/or experts from the field for
detailed information on the capacity. This does not mean the BoC is
insignificant: the BoC assists in considering capacities — perhaps un-
known to the designer — at the right step in the design process, as well as
providing enough information to evaluate whether a capacity can be
used as (part of) a solution for a function. Further exploration of the
capacity is crucial since there is a wide range of external and internal
conditions which cannot completely be accounted for in the BoC.

An important difference between the current research and the
research on the capability approach of Nussbaum (2001) is that the
ACiD approach aims to enlarge the possibilities to perform capacities
whereas the capabilities list presented by Nussbaum (2011) is an over-
view of capabilities that all should be met in order to achieve human
wellbeing. In a philosophical exploration of taking the capability
approach to design, Oosterlaken (2013), specifically suggests not to give
a fixed list of capabilities and systematic guidance in how to work with
the capabilities concept in design. According to Oosterlaken the benefits
are in the examples and they suggest to give as many examples as
possible to open up the mind of the designer. We see the benefits of
having both, providing examples, such as the dust bath unit for laying
hens (van Weeghel et al., 2016) as well as an overview of capacities.

4.3. Implications for the BoC

Even though the proposed approach in this paper is explicitly
motivated by improving animal welfare and integrating animal agency
into design practice, there is a risk of misuse. There is no safety measure
that hinders choices to use animal capacities in such a way that it might
have negative welfare consequences for the animal or animals. If we
would determine desirable and undesirable capacities and their impacts,
which is certainly a matter of debate in itself, we would compromise the
capacities overview. It is in the application of ACiD and the use of the
BoC where misuse should be prevented. The formulation of additional
animal welfare requirements (3.3.2.), is our proposed process step to
mitigate for the potential misuse of animal capacities.

The structure of the BoC was developed based on an application for
pigs. For this reason, not all animal capacities are covered, since other
animal species will have unique capacities not shared with pigs.

Capacities that might even force to change or extend the current struc-
ture of the BoC, for instance the introduction of additional capacity at-
tributes to accommodate other knowledge questions. Animals with
unique capacities provide interesting insights, for example flight for-
mations of birds or symbioses between animals. Therefore, further
development of the BoC structure would benefit from applying it to
other animal species.

A next step is to elaborate the BoC of the pig with relevant biological
content. This requires further research on the search, representation and
the incorporation of biological knowledge into the structure of a BoC.
Explication on how to search, find and translate biological information
into the technical tool would aid in the elaboration of the BoC of the pig
as well as that of other species.

5. Conclusion

In this study, the animal capacities in design (ACiD) approach was
proposed as add-on to the design process of more sustainable animal
production systems. With the ACiD approach, livestock husbandry en-
gineers are provided with a Brief of Capacities (BoC) tool as well as user
and application instructions to deploy biological knowledge of animals
in a structured manner. The biology of an animal provides valuable
information about physiology, morphology, and behaviour to be
incorporated in the design of animal production systems. By using this
information in the design process animals may gain more control over
their environment which is an important prerequisite of good animal
welfare. Currently, animals in animal production systems and their
biological capacities are not fully utilized in Engineering Design (ED).
ED could benefit from the animals’ inherent capacities, as they provide
solutions to functions in the system that do not need to be solely tech-
nically resolved. The promise is a mutual beneficial relation between
human goals and good animal welfare in future livestock husbandry
systems.
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