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EXECUTIVE SUMMARY
In this report, I examine animal welfare 
through three stages of analysis. The first is 
a philosophical discussion surrounding the 
definition of what animal welfare is and 
how this definition could differ qualitatively 
between different animals. This provides the 
foundation for further research as the 
validity of practical measures can only be 
tested with a concrete understanding of the 
underlying construct. Overall, we accept the 
definition presented by Bracke and Hopster 
(2006) that ‘Animal welfare is the quality of 
life as perceived by the animal itself’* but 
recognise that this still leaves many open 
questions. In our analysis, we place the most 
weight on the hedonic and then desire 
theories of well-being; these value positive 
and negative experiences or preferences 
respectively. The relative weight each reader 
may place on different theories of well-
being in non-human animals may vary and 
should be considered in subsequent 
sections. 

Once the concept of animal welfare has 
been more clearly defined, I then investigate 
the strength of different welfare indicators 
used in the scientific literature. These are 
the on the ground, testable attributes that 
one can use to assess the welfare of an 
individual. In non-human animals, these can 
be categorised into four clusters: preference 
tests, physiological indicators, physical 
health, and behavioural indicators. Each 
indicator within each category has its own 
strengths and weaknesses. However, 
preference tests are the strongest indicators 
on the whole as they more directly reflect 
the mental state of the animal. Although 
t hey a r e t he ea s i e s t t o measu re , 
physiological indicators are the weakest 
measures as they vary depending on 
numerous other factors or are associated 
with both positive and negative valence 

experiences. Therefore, these should be 
taken in the context of many other 
indicators to create a holistic picture of the 
welfare of the individual. 

Finally, the report concludes with an 
examination of current attempts to 
synthesise these indicators into an overall 
evaluation of animal welfare. These systems 
attempt to gather information on various 
indicators to provide an overall assessment 
of welfare. These include both the animal-
based indicators examined in this report and 
environmental conditions. Every measure 
examined has numerous flaws so the results 
of each system should always be considered 
in light of its limitations. I argue that rather 
than relying on any given assessment the 
best solution is to use a combination of 
methods that rely on different techniques. 
The ideal system would use a combination 
of qualitative measures, expert opinion 
based measures, an index of animal-based 
measures, and standalone measures such as 
preference testing or qualitative behavioural 
assessment. This combination would 
provide a variety of qualitative and 
quantitative perspectives using information 
for a wide variety of indicators to guide 
decision making. In practice, where time 
constraints limit the extensiveness of our 
research a more limited combination may 
have to be used.
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*It is worth noting that although this is what we perceive to be 
valuable for an animal's well-being this does not constitute all 
we find morally valuable for prioritising asks. Other 
considerations include the probability of sentience (Schukraft, 
2020). We are aware that given our moral uncertainty (Open 
Philanthropy, 2018) one ought to assign some value to other 
aspects of an animal’s life such as avoiding any violation of 
their rights. Although these are all important considerations in 
the wider debate about how we should treat animals, this is 
outside of the scope of this report.
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WHAT IS ANIMAL 
WELFARE?
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The aim of our research is to support 
decision-makers whose work impacts the 
lives of animals, so it is important to have a 
reliable way to measure their welfare. The 
perfect measure would allow us to evaluate 
the impact of different environmental 
factors or life events on the cumulative 
welfare of an animal's life. This would 
provide a clear picture of what is most 
important to the quality of life of the animal 
and the overall balance between positive 
and negative welfare events in their life. 
Unfortunately, this perfect measure does not 
exist. Even in humans where we can collect 
self-reports of their global well-being, there 
is still disagreement about which method is 
best. We aim to build on the philosophical 
underpinnings of theories of well-being and 
existing empirical research on animal 
welfare to find the most reliable and 
rigorous measures possible.

Animal welfare is defined differently by 
many different stakeholders involved in 
animal agriculture. When discussing animal 
welfare there are three components people 
generally refer to;

• biological functioning and health  

• the ability of the animal to live a 
reasonably natural life  

• the affective states of the animals 
(Fraser, 2008) 

Each component is weighted differently 
depending on the reviewer's values and 
although all of these components seem like 
reasonable proxies for welfare, different 
weightings can lead to drastically different 
conclusions. An example of this provided by 
Fraser et al. (1997) is of two dog owners, 

one who places a higher value on health and 
the other on the dog’s ability to live a 
natural life. The first owner's dog receives 
regular veterinary care, two meals a day of 
low-fat dog food and is walked on a leash. 
The second owner's dog (the owner's third - 
the first two had been killed by cars) has 
burns on their coat, is fed generously but 
sporadically and never wears a collar. The 
owners place different weightings on 
specific values and each owner believes that 
their dog has higher welfare. The underlying 
true value of the welfare of the two dogs is 
distorted by what each owner values. We 
see these differing values in animal 
agriculture where producers may define 
high welfare as high productivity, 
consumers as the ability for the animals to 
live naturally, and animal advocacy 
organisations may define high welfare by 
positive affective states.

At Animal Ask, we focus on what the 
animals themselves would value and thus 
accept the definition of welfare proposed by 
Bracke and Hopster (2006) that: ‘Animal 
welfare is the quality of life as perceived by 
the animal itself.' However, this leaves open 
the question of what components an animal 
might value as part of their quality of life. 
Here we can draw on the existing discussion 
on theories of wellbeing. These are mostly 
focused on humans but offer some key 
insight into ways in which we can consider 
animal welfare.

There are three standard theories of well-
being, which may offer some illumination; 
hedonism, desire theories and objective list 
theories (Crisp, 2017). Hedonism views 
well-being as the balance of positive and 
negative experiences. This school of 
thought would focus specifically on the 
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maximisation of positive affect for an 
individual and minimisation or elimination 
of negative affect in order to achieve 
optimal well-being. Desire theories view 
well-being as the extent to which your 
desires and preferences are met. Finally, 
objective list theories of well-being consist 
of a list of generalised values, which might 
include ‘items’ such as knowledge, 
friendship or pleasure, and the extent to 
which an individual has these goods. 
Objective goods are said to benefit an 
individual regardless of whether or not they 
desire it, or even have positive reactions to 
it.

HEDONISM
Even though this element of well-being is 
traditionally focused on in the study of 
animal welfare there are some notable 
objections to pure hedonism. The most 
common objection is the experience 
machine (Crisp, 2017) which asks us to 
imagine the option to plug into a virtual 
reality that would simulate all the best 
possible experience for the rest of your life. 
Once in the machine, your experience 
would be otherwise indistinguishable from 
the real world and you would not know of 
ever being put into the experience machine. 
Many philosophers share the intuition that it 
would be a mistake to plug in as we value 
more than just the valence of our 
experience. Such that an illusion of our 
preferences or objective lists being satisfied 
doesn't constitute real well-being.   An 
additional example of this in the animal 
context is of a cow being upset by the theft 
of her calf (StJules’s, no date). In a purely 
Hedonism view drugging her into forgetting 
or being happy with her calves absence is 
acceptable. However one could argue that 
this is false well-being as even if we make 

the cow feel better we are still thwarting her 
preferences. 

DESIRE THEORIES
Heather Browning provides useful criticism 
of the desire theory of well-being, 
specifical ly in the animal context 
(Browning, 2019a). She argues that 
preferences, at least in animals, ultimately 
simplify down to preferences between 
hedonic states. This is commonly argued 
when it comes to theories of well-being in 
humans but she outlines additional reasons 
to believe it would be the case in non-
human animals. The case for desire theory 
in humans seems to rest on our ability to 

have higher-order preferences to refrain 
from indulging a hedonic desire for a 
preference for some other good. However, 
Browning argues that in other animals 
‘without higher-order preferences, it is 
difficult to imagine exactly what preferences 
would be if not just the positive association 
with one state of affairs and the negative 
association with its frustration’. 

The physical states that correspond to desire 
theories and hedonism seem to be the so-
called ‘wanting’ and ‘liking’ systems in the 
brain (Berridge, 2009), mediated through 
dopamine and opioids respectively. 
Although these systems track each other 
with ‘wanting’ systems generally correlating 
with ‘liking’ systems, this is not always the 
case. Humans can evaluate their overall 
physical state and determine which states 
they prefer to maximise in each case. An 
addict can know that their strong desire to 
continue using is detrimental to their 
welfare or a monk that their desire for virtue 
is more important than pleasure. Even if one 
can still argue that this is still a preference 

7



for future hedonic pleasure or that 
satisfaction of being virtuous. 

If we look at the question of meta-
preferences through this lens then the 
question becomes which other animals are 
capable of this meta-cognition and whether 
the lack of this ability implies that these 
individuals can ' t have meaningful 
ph i lo soph ica l p r e f e r ences beyond 
maximising affect. The former is more of an 
empirical claim as to whether each 
individual is cognitively sophisticated 
enough to make these higher-order 
evaluations. As we are unable to collect 
self-reports to fully understand most 
animals' decision making the best evidence 
we can gather is of their revealed 
preferences which we can then use to infer 
their actual preferences. However, the 
c o n c l u s i o n s w e d r a w f r o m t h e s e 
observations is susceptible to different 
interpretations. For example, if we observe 
an individual in a zoo repeatedly attempting 
to escape different observers could interpret 
this as either an instinctual decision that will 
lead to poorer welfare, a reflection of what 
maximises their hedonic well being or a 
genuine higher-order preference for 
freedom. Thus any given observation of 
non-human animals seemingly valuing non-
hedonic goods is difficult to interpret as 
conclusive evidence for the ability to have 
higher-order preferences.

Even if this question was resolved and we 
were able to establish certain individuals 
lacked this ability there is an additional 
question as to whether the lack of this 
ability implies that these individuals can't 
have meaningful philosophical preferences. 
To illustrate this problem, Imagine the case 
of a libertarian who desires to be free even 

if, by some measures, this would reduce 
their well-being. What characteristic would 
we have to remove to make this preference 
insubstantial? It seems possible to remove 
the ability to do an overall evaluation of 
their life or meta-cognition and to still have 
philosophically meaningful preferences. In 
this case, they might not be able to report 
that being unfree reduces their well-being, 
but as they would if they could, the example 
suggests that being unfree still reduces their 
welfare.
It is also possible that even if there is a 
distinct preference system, these preferences 
are not considered morally valuable or are 
valuable but don’t constitute welfare. An 
example of this is an addict’s preference to 
continue using a drug that causes them 
significant pain. Most people would share 
the intuition that we should ignore such a 
preference and help them overcome their 
addiction. However, one could use the same 
line of reasoning to show that the 
libertarian’s preference for freedom over 
comfort is also misguided. 

OBJECTIVE LIST THEORIES
The objective list theory faces the strongest 
objection of any of the three theories - the 
claim that well-being must be experienced. 
Christopher Rice (2013) defends the theory 
agains t th is objec t ion through an 
examination of the ‘value of knowledge’– 
one objective item that he believes 
contributes to well-being. One example of 
this in practice is when a doctor tells their 
patients the truth about their medical 
conditions even when their patients do not 
want or need to know their prognosis. He 
argues that many people intuitively judge 
that others would benefit by knowing 
important truths about their lives and are 
worse off by remaining ignorant.  It is 
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implied that this intuition is evidence that 
we include things beyond hedonic or desire 
theories in our understanding of well-being. 

However, there are other equally plausible 
explanations for this intuition. This could 
either be explained through the desire 
theory of well-being, in that we tend to 
assume that the individual ultimately desires 
to know the truth regardless of its effect on 
their affect because we tend to assume that 
other individuals secretly share our 
preferences, or because value truth, freedom 
or other objective goods in addition to our 
well-being but that they don’t ultimately 
make up our well-being.

9

CONCLUSION
Arguments for each theory of well-being rest on intuitions and thoughts experiments that 
individuals tend to widely disagree on. So any examination of indicators and evaluation 
methods of animal welfare should be transparent in the underlying philosophical 
assumptions of the author. As such, I place the most weight on hedonism and desire theories 
of well-being and believe that these are what ultimately constitute well-being or animal 
welfare. If one disagrees with this position either by placing more or sole weight on either 
component or by including objective list theories then this should be considered in 

Although this does not completely negate 
this intuition it does show that there are 
alternative explanations for it and so we 
can’t rely on it as strong evidence for 
objective list theories of well-being.



There has been previous debate as to 
whether subjective theories of well-being, 
such as desire and hedonism theories, are a 
scientific concern. Some argue that as we 
are unable to directly measure subjective 
experiences, they fall outside of the realm of 
scientific enquiry (Fraser et al. (1997). 
However, even if we are unable to use self-
reports of the individual's subjective 
experience, as we can in humans, there are 
other measurements we can use to gauge the 
emotions of others. These measurements are 
what is referred to as welfare indicators in 
this report and include real-world 
measurements that can be made to indicate 
the welfare of an animal. For example, the 
subjective experience of fear can be seen 
through the expression of freezing or fleeing 
behaviour, alterations in physiology such as 
changes in heart rate, blood pressure, and 
circulating glucocorticoids (Mendl et al., 
2009). The health of an animal can also be 
used as a rough proxy for their subjective 
experience where poor health is often 
associated with pain and other indicators of 
poor welfare. As we place some credence in 
hedonistic and desire theories of well-being 
and welfare we focus our examination of 
existing indicators through this lens. 

There are two main methods for assessing 
the strength of psychological measurements 

used by social scientists: reliability and 
validity.  Reliability is the extent to which 
measurements are repeatable on different 
occasions or using different instruments 
(Drost, 2011). Validity measures the extent 
to which the measurement measures the 
variable it purports to measure. 

Reliability is used to assess if the measure is 
consistently measuring the same underlying 
construct. It allows social scientists to assess 
the amount of random error for a 
measurement technique. If random errors 
are too high, the variance becomes too large 
to make inferences from small samples. 
Thus, reliability is necessary for indicators 
to be useful in any practical sense regardless 
of their validity.  

There are three ways to test reliability: inter-
rater reliability, internal consistency and 
test-retest reliability. Inter-rater reliability 
measures the level of agreement from 
multiple experts who provide a rating from 
the same data or observation. This applies to 
many health measures of welfare that 
require experts to rate cleanliness or feather 
damage (Decina et al., 2019). Internal 
consistency measures how well multiple 
items in one measure that are trying to 
measure the same thing correlate, this is 
usually evaluated using Cronbach’s Alpha. 
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INDICATORS OF 
ANIMAL WELFARE
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Test-retest measures are the ‘temporal 
stability of a test from one measurement 
session to another’(Drost, 2011). This will 
be difficult to use for many indicators as the 
property being measured may vary over 
short periods. 

If an indicator is reliable enough to be 
operationalised then our next concern is its 
validity. The overall assessment of an item's 
validity is known as construct validity 
which is an evaluation of whether a 
measurement tool accurately represents the 
thing we are interested in measuring 
(Cronbach and Meehl, 1955).

Construct validity is assessed through 
content, criterion and face validity. Content 
validity measures the extent that the 
measure captures the full underlying 
construct. For example, measures of 
psychological stress only capture negative 
experiences rather than the whole range of 
positive and negative experiences. Criterion 
(or statistical conclusion) validity examines 
how well the construct correlates with 
things we suspect it should be correlated 
with. Face validity is a subjective judgement 
about how well the measurement maps onto 
the property.

In addition to the reliability and validity of 
the measure, it also needs to be comparable 
across individuals. This is referred to as 
Interpersonal comparison of utility (ICU) 
and is the comparison of the utility or 
welfare level of two or more individuals. A 
good indicator of welfare should allow us to 
re l iably compare welfare between 
individuals. This is important for any 
indicator or metric to be an effective guide 
for policy beyond Pareto improvements in 
welfare, where no individual is made worse 

off by the change (Kaminitz, 2018; Harrod, 
1938). Thus the accuracy of a measure 
when making ICUs is one of the most 
important factors to take into consideration.

The issue that arises with ICUs is that utility 
depends on both an individual's identity and 
their basket of goods (in this context their 
environment and experiences). Even on 
cardinal scales, the upper and lower bounds 
may vary across individuals. Attempts to 
transform ICU’s into interpersonal 
comparisons of utility differences (ICUDs) 
does not entirely solve this problem, as they 
rely on equal or similar sensitivity which 
could also be false. A metric or indicator 
that makes perfect ICUs should be able to 
account for both identity and goods 
removing the problem of utility range. 

One proposed solution to the problem of 
identity is to assume, like most moral 
philosophers, that ‘deep down we are all 
alike’(Hammond, 1991). However, our 
characteristics change from experiences and 
thus individuals will value baskets of goods 
differently. This means any environmental-
based measure will be slightly inaccurate on 
an individual by individual basis.   For 
animal-based measures, this will vary 
depending on the type of measure for some 
measures we may be more confident in the 
assumption that shared biology is sufficient 
to assume indicators are comparable across 
individuals. Comparing indicators of 
welfare across different species becomes 
particularly problematic as we are much less 
able to make Hammonds assumption and in 
many cases indicators will be species-
specific.

Existing measures and indicators of welfare 
tend to fit better with one theory of well-
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being or another such as cognitive bias and 
hedonic theories or choice tests and 
preferences. Some are closer to their own 
standalone measure or are measures of 
health that can then be used as a proxy for 
the welfare of an animal. Here I examine 
each indicator and discuss its validity as a 
measure for an animal's subjective well-
being. In many instances, there is 
insufficient evidence to properly evaluate 
the indicator on one or more of the criteria 
that should be used to evaluate a measure. 
As such I will provide my thoughts given 
my knowledge of the indicator and criteria.    
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In all cases, the face validity of the 
indicator is the perspective of the author of 
this report even if this would ideally be a 
composite opinion of multiple experts. An 
additional concern is that the validation of 
a measure in one species or genus may not 
generalise to other taxonomies. A full 
review of all welfare indicators would 
validate each measure in every species that 
it will be used. Unfortunately, we have 
neither sufficient data nor time to complete 
this.



Self-reports are any method of measuring welfare that uses the animals’ ability to 
communicate their mental states directly to the researcher. These are mostly only available 
from humans but a few other primates such as Koko the gorilla (Main, 2018). 

Although self-reports in humans are an indicator of the human animal’s welfare and should 
be thought of as a measure of animal welfare like any other, self-reports have been included 
in this report to provide a comparison between a more well-validated indicator in humans and 
other indicators.

THE SATISFACTION WITH LIFE SCALE (SWLS)
OVERVIEW OF THE INDICATOR
The SWLS is a 5-item questionnaire to measure subjective well-being developed by Diener et 
al. (1985) to assess the cognitive judgment component of subjective well-being. 
 
Each item is a statement describing one subjective view of one's life. The overall score is 
calculated by summing the score for each item. The score for each statement expresses the 
individual’s agreement with the statement. Each item is scored from 1 to 7 on a Likert scale, 
so the possible range of scores on the questionnaire is from 5 (low satisfaction) to 35 (high 
satisfaction). The medium score is 20 which expresses the ‘neutral’ point on the scale. 

The full questionnaire is available here.
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SELF REPORTS

RELIABILITY   Strength of Indicator: High

Strength of Evidence: Strong

The SWLS scale has repeatedly been shown to be reliable 
through test-retest reliability. 
As shown in the table below, test-retest reliability decreases 
over time. This is as one would expect where more changes in 
life circumstances occur over time and change the underlying 
construct. Test-retest reliability has an average of 
approximately 0.84 for a period of less than one month which 
is sufficiently high for its use as a measure.

https://www.midss.org/sites/default/files/swls_english.pdf
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STUDY
TEST-RETEST 

CORRELATION
TEMPORAL 
INTERVAL

Navrátil (2006) 0.90 1 week

Rosengren et al. (2015) 0.78 2 weeks

Pavot et al. (1991) 0.84 2 weeks

Abdallah (1998) 0.83 4 weeks

Pavot et al. (1991) 0.84 1 month

Blais et al. (1989) 0.64 2 months

Diener et al. (1985) 0.82 2 months

Yardley and Rice (1991) 0.50 10 weeks

Magnus et al. (1992) 0.54 4 years

STUDY
CRONBACH’S 

𝛼

SUGGESTS 
UNIDIMENSIONAL 

FACTOR STRUCTURE?

Neto (1993)
0.78 “all items had high factor 

loadings on a single 
common factor”

Vassar (2007) 0.78 NA

Gouveia et al. 
(2008)

0.81 “the results confirmed the 
single factorial structure”

Beuningen 
(2008)

0.85 “the five SWLS indicators 
combine into one factor.”

The other measure of reliability that the SWLS is evaluated  
under is internal consistency. The SWLS has what is usually 
considered an acceptable to good Cronbach’s 𝛼 value of between 

0.74 and 0.85. This is true in samples with different condi t ions 
and across cultures. When factor analysis was used, it 
demonstrated an unidimensional structure, confirming that the 
SWLS is measuring one underlying construct.  



FACE  VALIDITY
Strength of Indicator: High

Strength of Evidence: Medium

Although social scientists don’t usually use face validity 
questions when assessing the SWLS, it seems intuitive that the 
questions asked in the SWLS are attempting to measure the 
goodness of someone’s life. The only exception to this is the 
fifth item: “If I could live my life over, I would change almost 
nothing” which has repeatedly been found to have much lower 
correlations with the rest of the items and lower factor 
loadings. This may be due to the more past-facing nature of the 
question when compared to the other questions. 

Face validity seems to hold even when translated into other 
languages like Bengali. The percentage of respondents who 
answered “yes” when asked whether the measure is readable, 
logical, clear, comprehensive, answerable, and had an 
acceptable style and format was 96.3%, 97.5%, 96.9%, 90%, 
81.3%, and 95% respectively (Sagar and Karim, 2014).

CONTENT
VALIDITY

Strength of Indicator: Moderate

Strength of Evidence: Medium

The SWLS seeks to capture the cognitive judgment portion of 
well-being, but not positive and negative affect, or eudaimonic 
(Niemiec, 2014) assessment of one's life. As a measure of the 
overall goodness of an individual's life, it only captures some 
of what we care about. If it could be augmented with either the 
positive and negative affect scale (PANAS) or the experience 
sampling method (ESM), it would better capture human well-
being.
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Aishvarya et 
al.  (2014)

0.86 “all items loaded strongly 
on one-factor solution”

Sagar and 
Karim (2014)

0.74 “exploratory factor analysis 
(EFA) (...) identified a 

single factor structure for 
SWLS with 5 items.”

https://journals.sagepub.com/doi/abs/10.1258/135581904322716111


As it only captures one part of the tripartite model of well-
being, its content validity depends on how much weight 
cognitive judgments have in the assessment of overall well-
being. It will also appear more valid to preference utilitarians, 
as it is an indicator of one's preference for this life compared to 
others.

CRITERION
VALIDITY

Strength of Indicator: High

Strength of Evidence: Strong

Cheung and Lucas (2014) showed that the single-item life 
satisfaction and SWLS were correlated with “theoretically 
relevant variables, such as demographics, subjective health, 
domain satisfaction, and affect.” This was also found by 
Jovanović (2016) in adolescents, and by Atroszko et al. (2017) 
in university students. There are only a few variables 
correlating in an unexpected direction, which is indicative of 
high criterion validity.

INTERPERSON
AL 
COMPARISONS 
OF UTILITY

Strength of Indicator: High

Strength of Evidence: Weak

Although harder to assess, I think we can assume with 
moderate certainty that subjective reports of life satisfaction 
are valid for ICUs. Plant (2018) examines several possible 
problems with metrics that depend on subjective reports. This 
includes utility monsters who are individuals experiencing 
much greater ranges of utility, or language monsters who 
experience the same utility range but report different levels of 
welfare than is accurate. Plant argues that in practice, such 
monsters are unlikely to occur due to shared language and 
physiology. Evidence that the same regions light up in the 
brain across individuals experiencing the same emotions 
(Davidson and Schuyler, 2015; Kringelbach, 2010) supports 
Plant’s argument. However, these studies only map brain 
regions to subject reports - they do not provide full knowledge 
of other minds. To prove that ICUs are not a problem, we 
would have to directly measure states of consciousness, 
something that may not even be possible. In the interim, 
Plant’s solution seems adequate for the problems with ICU.

16



 
As discussed above, the desire theory of 
welfare ascribes the satisfaction of an 
individuals preferences as the focus of their 
welfare. Therefore to measure this we must 
determine what an individual's preferences 
are. As most non-human animals are unable 
to communicate with us it is more difficult 
to ascertain what they want. Even in 
humans where we are able to ask, it's 
common to find a discrepancy between their 
stated and revealed preferences. Animal 
welfare scientists have devised a variety of 
techniques to try to measure an animal's 
desire to engage in a certain activity. These 
can show either positive or negative 
motivation depending on whether approach 
or avoided behaviour is exhibited (Kirkden 
and Pajor, 2006). The two main methods 
used to assess this fall into two categories, 
choice tests and operant tests.

Regardless of the method, there are a few 
overarching practical concerns with 
preference measurement in non-human 
animals. Fraser (1997) outlines conditions 
that can invalidate the findings of such tests. 
The first is that the experiments accurately 
reflect the animals’ preferences. An animal's 
preference will vary depending on its age, 
experience and numerous external factors. 
So preference experiments need to be 
comprehensive enough to identify relevant 
sources of variation. Fraser raises additional 
concerns that an animal's familiarity with a 
particular good or environment may affect 
the results. This can be seen in   Dawkins’ 
study of hens preference for housing 
systems (Dawkins, 1977). Here, he found 
that the first choice of hens was related to 
the environment in which they had been 
living but hens raised in battery cages 

shifted to the outside run as the trial 
proceeded. 

An additional problem with preference 
testing comes from variation between 
individuals. Each individual has their own 
preferences and although there will be some 
commonalities between members of the 
same species their preferences are not 
guaranteed to be uniform. If we assume that 
their preferences are uniform we may 
mistakenly interpret disagreement as a 
preference for X with some error. This 
problem is most likely to be encountered on 
less impactful or positive goods such as 
forms of environmental enrichment. For 
example, in a hypothetical experiment 75% 
of pigs may show a preference for blue balls 
ove r r ed ba l l s fo r env i ronmen ta l 
enrichment. Despite this, we should be 
hesitant to conclude that all pigs prefer blue 
balls since it's possible that the other 25% 
do prefer red balls rather than some pigs 
accidentally picking the less preferred ball.

The main restriction to measuring animal 
preferences is that we are only able to test 
preferences that an animal can reasonably 
understand. Which makes it difficult to 
measure a choice that falls outside of the 
animals sensory, cognitive and affective 
capacities, or if animals are required to 
choose between short- and long-term 
benefits (Fraser, 1997). 
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CHOICE TESTS
OVERVIEW OF THE INDICATOR
Choice tests offer animals the options to choose between two or more different environments 
or resources (Kirkden and Pajor, 2006). This can give a clearer sense of which of two goods 
an animal preferences, based on the probability of them choosing each good. 

RELIABILITY
Strength of Indicator: High

Strength of Evidence: Weak

FACE  VALIDITY
Strength of Indicator: High

Strength of Evidence: Conjecture

The face validity of choice tests as a measure of the animal’s 
preference is high as we are evidently testing the animal’s 
revealed preferences.

As shown by Dawkins the reliability of such a test relies on 
the length of the trial (Dawkins, 1977). If the trial is of 
insufficient length, the animal will not have enough time to 
learn what their preferences are. This will vary depending on 
the cognitive sophistication of the animal and on the strength 
of the cues for the choice. Rainbow trout for example were 
able to learn to avoid a frightening stimulus by swimming 
through a doorway to another chamber after a few exposures 
but took many days to learn to associate this with a 
conditional stimulus (the illumination of a light) (Yue, 
Moccia and Duncan, 2004). When the animal has learned 
their preference and the conditional stimulus is strong, then 
the reliability of this preference over repeated trials seems 
high. However, no formal evaluations of animal preference 
through test-retest reliability were found.

(Dawkins, 1977)
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CONTENT
VALIDITY

Strength of Indicator: Low

Strength of Evidence: Conjecture

The results of a choice test can only reveal the ordinal 
preference of an animal for the limited number of options 
presented. This means that on their own, choice tests can’t 
help us decide whether a preference is significant to an 
animal or not. Even with multiple tests, it is not clear that an 
interval scale of the degree of preference can be found 
(Rushen, 1986). An individual's choice between tea or coffee 
or between social isolation or companionship would appear 
the same even if the effect on an individual’s welfare may be 
much greater with the latter.

CRITERION
VALIDITY

Strength of Indicator: High

Strength of Evidence: Medium

Preference is seen as a valid indicator of welfare in humans 
and aligns with numerous positive outcomes. Beyond the 
goods that are necessary for survival, most people want to 
earn more money and have good social relationships - both of 
which affect life satisfaction (McGuire, 2020; Barger, 
Donoho and Wayment, 2009). There are numerous other 
examples of this that we are aware of from our own 
experience but preferences and well-being can sometimes 
diverge. Many individuals will continue to strive for a higher 
income even beyond the point of diminishing returns for 
well-being.

In other animals, the kinds of preferences we are measuring 
are much simpler. Their inability to think about their long 
term preferences means we can only assess immediate 
choice. Nicol et al. validated hens’ choice of three 
environmental conditions by examining their physiological 
response in three different environments given their observed 
preferences for each (Nicol et al., 2009). They found that 
preferred environments were associated with lower body 
temperature, blood glucose, heterophil:lymphocyte ratio and 
response to novelty, as well as greater feed digestibility and 
self-grooming. However, other indicators that are believed to 
be valid indicators of welfare were not associated with their 
choice.
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INTERPERSONAL 
COMPARISONS 
OF UTILITY

Strength of Indicator: High

Strength of Evidence: Conjecture

Choice tests allow us to clearly compare the preferences of 
two individuals or groups.
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OPERANT TESTS
OVERVIEW OF THE INDICATOR
Operant Tests are used to measure an animal’s ‘willingness to pay’, a common currency. The 
currency is usually learned behaviours such as pushing on a heavy door, pulling a loop or 
pecking a button (Amdam, 2011). This allows researchers to measure an animal's relative 
preference for multiple goods such as social interaction or food. 

RELIABILITY
Strength of Indicator: Moderate

Strength of Evidence: Conjecture

It is theoretically possible to assess the reliability of an 
individual's willingness to pay for a good through such trials 
but no existing studies were found. Although it is worth 
noting that one would expect an individual's willingness to 
pay to vary dramatically over short periods of time due to 
differences in mood and level of satiety for that good. This 
doesn't indicate that operant tests are unreliable, only that the 
underlying preference is in flux so we should expect lower 
reliability when tested. A priori, I would expect an 
individual's revealed preferences to map reliably onto their 
true preferences at least for short-term rewards.

FACE VALIDITY
Strength of Indicator: High

Strength of Evidence: Conjecture

As with choice tests, operant tests have high face validity as a 
measure of an individual's preference.

CONTENT 
VALIDITY

Strength of Indicator: High

Strength of Evidence: Conjecture

Operant tests can, in principle, provide information about 
both the direction of the animal's preference and the strength 
of these preferences. There are only practical or ethical 
limitations to their use. Individuals may not understand the 
test, may be unable to understand that work can pay off in the 
future and ethically complicated to test their willingness to 
pay to escape pain.
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CRITERION 
VALIDITY

Strength of Indicator: High

Strength of Evidence: Weak

Many animals have demonstrated a willingness to pay for 
food that increases as the time since the last meal increases. 
Comparing an animal's willingness to pay for food after 
different lengths of time to other goods, such as social 
contact, has become a standard method for assessing the 
strength of their preference (Akre, Bakken and Hovland, 
2009). 

There are a few instances in both human and non-human 
animals where an animal's preference for a good diverges 
from its welfare, namely addiction. These are instances 
where an animal's preference diverges from what we as 
observers think is best for their welfare. Another potential 
problem is contrafreeloading, which is when an individual 
will choose to work for food rather than take food that is 
offered for free. This suggests that some animals are 
motivated to ‘work’ even if the payoff is the same which may 
artificially inflate their willingness to pay.

INTERPERSONAL 
COMPARISONS 
OF UTILITY

Strength of Indicator: Moderate

Strength of Evidence: Conjecture

Comparing the preference strength between individuals is 
more difficult as an individual's ability to pay a common 
currency will vary depending on their characteristics, such as 
increased physical strength. If all else is held constant, 
operant tests are a good method to compare the strength of 
individuals’ preferences.
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COGNITIVE BIAS TESTING
OVERVIEW OF THE INDICATOR
Research into human psychology has shown that someone's affective state influences their 
cognitive function. Those suffering from or who have had depression can suffer from 
negatively biased information processing (Gotlib and Krasnoperova, 1998). The recognition 
of this phenomenon in humans led to the testing of cognitive biases in other animals. This is 
tested through the ‘judgement bias’ paradigm in which animals are trained so that one cue 
predicts a positive event and another cue predicts a less positive/negative event, and are then 
presented with ambiguous cues (Mendl, Burman, Parker, Paul, 2009). If the findings 
generalise from humans then we expect that animals in a negative affective state will be more 
likely to judge these ambiguous cues as predictive of a  negative event than animals in a more 
positive state. This means animals in a more negative affective state are more likely to avoid 
ambiguous cues than animals in a positive state.

RELIABILITY
Strength of Indicator: Moderate

Strength of Evidence: Conjecture

No evidence of the reliability of cognitive bias tests was 
found during this review. As cognitive biases are built up 
over a longer period of time, one would expect animals to 
display these biases during repeated testing. However, over 
time the animal may learn that the ambiguous cue is not 
associated with a punishment, though this is unlikely to occur 
over the short-term. So a priori I would expect cognitive bias 
testing to be reliable. If it is not, this would indicate some 
noise during its measurement.

FACE VALIDITY
Strength of Indicator: Moderate

Strength of Evidence: Conjecture

These biases develop as a protective mechanism so are face 
valid as indicators of which events and goods an individual 
prefers. However, measuring the cognitive bias of individuals 
does not seem to intuitively track onto affect. Given that, a 
priori one might not expect those with a stronger negative 
bias to have a lower affect after the period when the 
association is being built. If these biases are an indication of 
negative thought patterns, then these will negatively affect 
one's perception of the world and the affect.
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CONTENT 
VALIDITY

Strength of Indicator: High

Strength of Evidence: Conjecture

Both optimistic and pessimistic biases have been 
demonstrated depending on the affective state of the 
individual. Therefore, cognitive bias seems to capture the 
balance between both positive and negative affect. 
Theoretically, the strength of bias is an indicator of the degree 
of imbalance between these, even if in practice this may be 
harder to evaluate.

CRITERION 
VALIDITY

Strength of Indicator: High

Strength of Evidence: Strong

Pessimistic cognitive bias has been repeatedly correlated with 
negative emotional states in humans (Mendl , Burman, 
Parker, Paul, 2009; Eysenck, Mogg, May, Richards, & 
Mathews, 1991; Beard, 2009; Krantz & Hammen, 1979). 
This same phenomenon has been documented in other 
animals with pessimistic and optimistic biases, observed in 
the expected direction. These include mammals such as rats 
(Brydges, 2011; Enkel et al., 2009) and sheep (Doyle, 2010), 
as well as animals less closely related to us such as zebrafish 
(Wojand, 2015) and honeybees (Bateson et al., 2011).

INTERPERSONAL 
COMPARISONS 
OF UTILITY

Strength of Indicator: Moderate

Strength of Evidence: Weak

The strength and direction of an individual's cognitive bias 
will vary depending on their personality or culture (Chang, 
Asakawa, & Sanna, 2001), both in humans (Marshall et al. 
1992) and non-human animals such as pigs. Asher et al. 
(2016) found that pigs with a more proactive personality 
were more likely to respond optimistically to unrewarded 
ambiguous stimuli than reactive pigs. This makes it harder to 
compare two individuals' levels of bias to determine their 
effect due to variations in their personalities. This makes it 
necessary to use a larger sample to ensure that the cognitive 
biases of the animals are due to circumstance rather than 
personality.
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PRIMARY BIOLOGICAL INDICATORS
OVERVIEW OF THE INDICATOR
Primary biological indicators include any primary psychological responses within an animal. 
These occur when neuroendocrine cells receive neuronal input and then release hormones 
into the blood. This can occur because of stressful stimuli or because of positive experiences. 
Stress indicators include adrenal activity, cortisol, and norepinephrine. Hormones associated 
with positive experiences include dopamine, serotonin, oxytocin, and endorphins. 

The concentration of these hormones can be measured using invasive sampling methods such 
as blood tests, or other non-invasive methods such as saliva, excreta, milk, hair/feathers, and 
eggs (Palme, 2012). What each indicator tells us about an individual's subjective experience 
depends on the item of interest and the methods of collection. For example, catecholamines 
and glucocorticoids are released within seconds to minutes after a stressor and then quickly 
metabolised and excreted via urine and faeces (Palme, 2012). This makes blood concentration 
of these hormones a poor long-term indicator of stressors and excreta a more stable one.

In an extensive review, each of these indicators would be examined in their own right but we 
will not go into such depth.

RELIABILITY
Strength of Indicator: Moderate

Strength of Evidence: Weak

The sampling method for each hormone is reliable in that 
each measurement is a reliable measurement of the hormone 
present in that sample. The reliability of such measures for 
an overall assessment of the concentration of a hormone in 
an animal varies depending on where the sample is taken 
from and the hormone. For several methods of sampling 
saliva, there are additional accuracy concerns as hormone 
levels vary over short periods of time due to the animal's 
circadian rhythm (Lane, 2006). One exception to this is 
faecal measurements of glucocorticoids metabolites as they 
are not affected by the time of day of faecal deposit (Lane, 
2006). This means that accurate comparisons of hormone 
levels requires an understanding of the base-line variation in 
the animal (Cavigelli et al., 2005).
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The most widely used primary indicator of welfare is 
cortisol. Short et al. compared the reliability of cortisol 
measures in hair, saliva, and urine in humans (Short et al., 
2016). They found a strong association between hair samples 
and the previous 30-day average salivary cortisol but did not 
find a significant relationship between hair and integrated 
urine samples. They also found variation in the test-retest 
reliability of sampling methods. Hair had the highest 
reliability (month-to-month: r = 0.84, p < 0.001), then urine 
C (week-to-week: r’s between 0.59 and 0.68, ps < 0.05), 
whilst saliva was the least reliable (week-to-week: r’s 
between 0.38 and 0.61, p’s between 0.13 and 0.01) (Short et 
al., 2016).

We suspect that the observed variation in test-retest 
reliability between sampling methods is more indicative of a 
greater sensitivity to the variation in the underlying cortisol 
levels over time, rather than lower reliability. This can be 
seen in a sample of cows studied by Verkerk et al. (1998) 
They injected an adrenocorticotropic hormone (ACTH) into 
three groups of lactating cows at different time intervals 
before milking. They found that mean cortisol 
concentrations in their milk were similar for the group 
injected four hours before and control hour groups (1.2 and 
0.5 ng ml−1, respectively), but higher in the two hour (2.4ng 
ml−1), and one hour groups (11.7 ng ml−1; P < 0.001). This 
highlights a concern that some sampling methods are only 
reliable indicators of short-term spikes in hormones and can 
therefore only be used to measure short-term acute stressors 
such as handling.

FACE VALIDITY
Strength of Indicator: Moderate

Strength of Evidence: Conjecture

If we assume that physical states are directly related to 
subjective states, then a collection of physiological 
indicators could be a valid way to assess welfare. It is not 
evident a priori which hormones are associated with well-
being and which subjective states each hormone maps onto.

CONTENT 
VALIDITY

Strength of Indicator: Moderate

Strength of Evidence: Weak
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Each hormone is an indicator of one aspect of well-being so 
as an isolated indicator has low content validity. In humans, 
some hormones such as cortisol track negative affect 
(Buchanan, al’Absi and Lovallo, 1999) whilst others such as 
serotonin are only associated with positive affect (Williams 
et al., 2006). A combination of these indicators could be used 
to gather information about many possible subjective states, 
but even with this information quantitatively measuring the 
affect balance would not be possible.

CRITERION 
VALIDITY

Strength of Indicator: Moderate

Strength of Evidence: Medium

As mentioned above, in humans cortisol increases with 
negative affect (Buchanan, al’Absi and Lovallo, 1999) and 
serotonin is correlated with positive and not negative affect 
(Williams et al., 2006). Saliva cortisol samples have also 
been mildly negatively associated with global life 
satisfaction measures (Smyth et al., 2017).

Cortisol is also associated with the expected variable in other 
animals. In pigs, hair cortisol increases with tail lesions or 
lameness (Carroll et al., 2018) and plasma-free cortisol is 
higher in farrowing crates compared to pen systems (Cronin 
et al., 1991). Chickens and humans show elevated cortisol 
levels when exposed to loud noises (Lee, Kim and Lee, 
2003; (Jafari et al., 2019). Other acute stressors such as net 
handling increase whole-body cortisol levels in zebrafish up 
to one hour post-stressor (Ramsay et al., 2009).

Even though these hormones tend to track onto the expected 
experiences and other validated constructs, such as positive 
and negative affect schedule (PANAS), in some 
circumstances they can diverge. 
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West et al. (2004) compared the effects of three 90-minute 
classes: dance, yoga, or a lecture on PANAS and saliva 
cortisol levels. Dance and yoga reduced negative affect. 
However, cortisol increased in African dance and decreased 
in Hatha yoga. West notes that this shows that ‘even when 
these interventions produce similar positive psychological 
effects, the effects may be very different on physiological 
stress processes’. 

This is also seen in other animals. Colborn et al. (1991) 
found that stallions showed similar cortisol responses 
whether they were permitted to mate with a mare, had acute 
physical exercise, or were restrained. These experiences will 
have different effects on the animals’ welfare but by using 
cortisol alone we cannot observe any difference. Thus, it 
seems that individual physiological responses cannot reliably 
be taken in isolation as they can track both arousal and 
affect.

INTERPERSONAL 
COMPARISONS 
OF UTILITY

Strength of Indicator: High

Strength of Evidence: Weak

The hormone concentration of a sample can be easily 
compared between individuals but what this implies for their 
subjective experience is less clear. Individuals’ baseline 
concentration may vary so that given the same circumstances 
they have different cortisol levels. This could be an 
indication that one individual has a naturally higher stress 
response, but it could be that these different levels are 
experienced the same subjectively. Within a species, we can 
assume that our shared physiology will result in a similar 
subjective experience (with the possible complication of 
minor sex differences in sexually dimorphic species).

When comparing between individuals with more genetic 
variation, this problem is much greater. Lane argues that as 
basal levels of GCs are seen to vary hugely between species, 
it precludes any direct point comparisons between species 
(Lane, 2006). Instead, we need an understanding of the basal 
levels and the relative change during an individual's 
response.
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SECONDARY BIOLOGICAL INDICATORS 
OVERVIEW OF THE INDICATOR
Secondary biological indicators occur as a consequence of the release of primary biological 
indicators. Although they are still indicators of the subjective experience of the animal, they 
are further down the causal chain from their welfare. These indicators include blood 
metabolite concentrations such as glucose and lactate, gastrointestinal activity (Moberg and 
Mench, 2000), metabolism, heart rate and heart rate variability (von Borell et al., 2007), and 
respiratory functions (Barton, 2002). These are all measured through either physical samples 
or various portable equipment available for non-invasive methods, such as 
electrocardiography.

RELIABILITY
Strength of Indicator: Moderate

Strength of Evidence: Medium

As with primary biological indicators, invasive methods 
produce reliable measurements of the presence of an 
indicator in a sample. External measures such as heart rate, 
heart rate variability, and respiration rate are also highly 
reliable measures (Guijt, Sluiter and Frings-Dresen, 2007; 
Drost, 2011),   dependent on the device used to measure 
them. 
Unlike primary indicators reliability does not depend on the 
sample used as each indicator is measured in the sample of 
interest. Take heart rate where we can take measures reliably 
from pulse rather than approximating heart rate through 
pulse as cortisol in an individual's hair relates to the cortisol 
in their blood.

FACE VALIDITY
Strength of Indicator: Low

Strength of Evidence: Conjecture

Most indicators that fall into this category don’t obviously 
track the valence of the subjective experience of an 
individual. Many will be weak indicators of intensity if 
changes are measured over time. Generally, these indicators 
seem weak because they are too far down the causal chain 
for us to reliably make inferences back to an individual's 
welfare.
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CONTENT 
VALIDITY

Strength of Indicator: Low

Strength of Evidence: Conjecture

CRITERION 
VALIDITY

Strength of Indicator: Low

Strength of Evidence: Medium

Several secondary biological indicators are associated with 
both positive and negative valence experiences. For example, 
in humans increased heart rate has been associated with both 
excitement (Wulfert et al., 2005) and fear (Sartory, Rachman 
and Grey, 1977). 

As many of these indicators have low face validity, it is not 
obvious which aspects of well-being they track onto. Many 
respond to both positive and negative experiences (see 
below) in the same way and thus don’t properly track any 
single aspect of well-being. Instead, they seem to indicate the 
degree of arousal associated with an experience rather than 
its valence. 

(Trimmer et al., 2013)
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In other animals, secondary biological indicators have been 
associated with other variables suspected to create high 
arousal states. Captive European starlings' heart rate 
increases when exposed to various stressors (Nephew, Kahn 
and Romero, 2003). Stressed fish show the expected increase 
in glucose and lactate levels (Carragher and Rees, 1994). In 
Jersey calves, non-optimal temperatures result in raised 
respiration and heart rate (Kristensen T N, 2006). Lambs 
transported in the winter have higher glucose and cortisol 
levels (Miranda-de la Lama et al., 2010).

Many of these changes can be thought of as the body of the 
animal's attempt to adapt or prepare them to deal with a 
stressor. This raises issues with the validity of many of these 
measures for measuring welfare as extreme stressors can 
surpass this limit. An example of this can be seen in fish 
where low oxygen levels can result in a slowed heart rate 
(Brijs et al., 2018) even if this places stress on the fish.

Many of these indicators naturally increase due to other 
stimuli or activities. Heart rate, lactate, and respiration 
increase during exercise and glucose rises sharply after 
consuming carbohydrate-rich meals (Steffens, 1969).

INTERPERSONAL 
COMPARISON OF 
UTILITY

Strength of Indicator: High

Strength of Evidence: Conjecture

As measures of welfare, it’s not clear that individuals will 
respond similarly given the same stressor or based on their 
welfare. Different individuals will have different capabilities 
when responding to stressors so the same increase in an 
indicator may not imply the same change in welfare. This is 
especially true when comparing across species as there is a 
large variation in heart rate (Comparing the heart rates of 
animals and human beings, no date) and this is also likely for 
other indicators.
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TERTIARY BIOLOGICAL INDICATORS
OVERVIEW OF THE INDICATOR
Tertiary biological indicators occur when a stressor is continuous enough that it exceeds the 
body’s attempts to cope. These refer to aspects of the whole performance of an animal. This 
is explained by Moberg’s hypothetical model of the expenditure of an individual's biological 
resources as seen below (Moberg and Mench, 2000). When the stressor exceeds the body's 
reserve capacity, it becomes ‘distressed’ and shifts the metabolism away from other functions. 
We evolved this capacity to cope with extreme short-term stressors such as predation where 
diverting resources away from other functions could prevent our death.

(Moberg and Mench, 2000)

Some examples of this are reductions in feed intake, ovulation, growth rates, impaired 
reproduction, milk production, wool and egg production, and immunosuppression. Many of 
these indicators are also measures of productivity in farmed animals. 

Most of these indicators can be measured by weight or volume. The more complicated 
indicators such as immunosuppression are measured by alterations of lymphocyte or 
macrophage function. These are tested through the presence of various white blood cells in 
physical samples.
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RELIABILITY
Strength of Indicator: High

Strength of Evidence: Medium

Most tertiary biological indicators can be measured non-
invasively but have a great deal of natural variation. The 
measurements themselves are reliable as feed intake, growth 
rates, milk, wool and egg production can all be measured by 
volume or weight. These will be subject to some 
measurement error but this is unlikely to be significant. Some 
indicators, such as growth rates, can increase their reliability 
through multiwave testing (Willett, 1989), whilst 
immunosuppression measures are mostly reliable. In one 
study, errors due to operator and random error were 3.12% 
and 7.8% respectively (Kristensen T N, 2006).

FACE VALIDITY
Strength of Indicator: Low

Strength of Evidence: Conjecture

Many of these measures do not have a strong a priori 
relationship with an animal's emotional state. Production 
measures in particular could be completely disconnected 
from welfare. Others such as feed intake could go either way 
as both low and high feed intake could be an indicator of 
emotional distress. Immunosuppression seems the most face 
valid but it is still only a proxy for welfare rather than a direct 
measurement. This is also complicated by the fact that 
immune function is both an indicator and a condition for 
future welfare.

CONTENT 
VALIDITY

Strength of Indicator: Low

Strength of Evidence: Weak

Here it is evident that each measure does not capture the full 
underlying construct of the animal's well-being. All tertiary 
biological indicators only provide information about negative 
valenced experiences, particularly stress. In addition, as 
Moberg’s model shows, many of these indicators are only 
evidence of major stressors (Moberg and Mench, 2000) and 
are therefore unable to capture low arousal experiences.
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CRITERION 
VALIDITY

Strength of Indicator: Low

Strength of Evidence: Medium

Tertiary biological indicators are associated with numerous 
factors, including factors we expect are associated with an 
individual's welfare. 

In pigs, unpleasant handling has been associated with a 
decreased growth rate and higher cortisol (Hemsworth, 
Barnett and Hansen, 1981). In ruminants, heat stress has been 
shown to lower milk production and decrease growth rate for 
cattle and lambs, but has little effect on wool production 
(Morrison, 1983).  McKenzie et al. (2012) examined rainbow 
trout and found that higher stocking densities (~ 75 and ~ 100 
kg m− 3) were associated with lower growth rates. However, 
there was no evidence of a neuroendocrine stress response 
when compared to a low-density control. 

There are numerous immunosuppressive agents including 
pathogens, drugs, malnutrition, weaning, and stress (Muneer 
et al., 1988), though, the relationship between stress and 
immune function is weak. Segerstrom and Miller (2004) 
found that self-reported stress was poorly associated with 
immune function, although there was little research into this 
association. More recent research from Hameed (2018) found 
a negative association between Immunoglobulin A and 
perceived stress but a positive association between Secretory 
Immunoglobulin and depression and loneliness.  

Many things that affect tertiary indicators also affect welfare 
but many of these indicators rely more on this correlational 
evidence. Immune response can be influenced by stress or 
numerous other factors, as can growth rate and production 
indicators.
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INTERPERSONAL 
COMPARISONS 
OF UTILITY

Strength of Indicator: Moderate

Strength of Evidence: Conjecture

It is possible to compare growth rates and immune function 
across individuals or species but what this indicates in 
regards to welfare is unclear. There are large variations on 
many of these indicators between individuals of the same 
species. In one experiment, egg production can vary between 
8 and 25 eggs in a 28 day period (Carlander, Wilhelmson and 
Larsson, 2001). Variation in growth rates between individuals 
are evident in many species, including humans (Eichorn, 
1968), and can be particularly pronounced between sexes. 

Again these issues are even more pronounced between 
species or different breeds. Comparing the growth rates of a 
chicken to a trout will tell us nothing about their comparative 
welfare. Using these indicators in relation to their maximum 
under ideal conditions somewhat solves this problem but this 
will still be a poor indicator of their relative welfare.
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BIOLOGICAL MARKERS OF AGEING
OVERVIEW OF THE INDICATOR
Biological markers of ageing are a kind of tertiary biological indicator but they are worth 
examining separately as their measurement may allow us to measure the cumulative welfare 
of an individual. Markers of ageing are measures of an individual's biological age - the 
degree of age-related change/deterioration in appearance, health, or functionality - when 
compared to their chronological age. A wide variety of biological measures can be used such 
as ‘telomere length and attrition rate, DNA methylation patterns, gene expression profiles, 
changes in neuroanatomy, proteomic and metabolomic changes, and various composites of 
clinically relevant symptoms’(Bradshaw, 2019). If an individual's biological age is high 
relative to their chronological age then this is an indicator that their welfare is poor 
(Bradshaw, 2019). The cheapest and therefore most common method for assessing biological 
age is telomere length so this will be the main focus here.

RELIABILITY
Strength of Indicator: High

Strength of Evidence: Medium

Telomere length has been shown to be reliable through 
repeated testing in a human sample. Kim et al. (2011) found 
that telomere length from 7 blood samples taken over a 7 
month period from 27 non-pregnant adult women (aged 35 to 
74 years) did not differ significantly from the mean of the 
samples. The method of testing and storage can affect the 
reliability of tests. Eastwood et al. (2018) found that inter-
extraction repeatability was 50% lower for samples stored in 
a buffer solution. Other biological markers of ageing, such as 
DNA methylation where DNA sourced from lymphoblastoid 
cell lines, showed distinct patterns when compared to both 
blood and saliva (Thompson et al., 2012).

FACE VALIDITY
Strength of Indicator: Moderate

Strength of Evidence: Weak

Bradshaw (2019) outlines the theoretical reasons to expect 
the rate of biological ageing to correlate with the cumulative 
affective experience of an individual (Thompson et al., 
2012). 
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Through an evolutionary lens, experiences are used to 
motivate evolutionarily advantageous actions so we should 
therefore expect the valence of an experience to correlate 
with its effect on an animal's fitness. One way this can 
manifest is through damaging or repairing the body. 
Therefore, we should expect experiences that positively or 
negatively physiological affect an individual to track onto 
their valence. Since ageing is a progressive accumulation of 
physiological damage, we should expect the valence of an 
experience to also generally correlate with its effect on 
biological age.

CONTENT 
VALIDITY

Strength of Indicator: Moderate

Strength of Evidence: Conjecture

Theoretically, biological ageing captures the cumulative 
affect balance of an individual's experiences. However, there 
are some aspects that it is unable to capture, such as end of 
life experiences (Bradshaw, 2019). It is also unclear in 
practice whether any experience regardless of intensity will 
affect biological ageing.

CRITERION 
VALIDITY

Strength of Indicator: High

Strength of Evidence: Medium

The relationship between biological markers of ageing and 
the welfare of an individual is well validated in humans, 
though the strength of this relationship is often small. A 
meta-analysis from Pepper et al. (2018) found that there was 
a weak association between telomere variables and exposure 
to a variety of stressful events, including physical diseases, 
environmental hazards, and psychiatric illness (r = −0.09, 
95% CI −0.13 to −0.05). Schutte et al. (2015) had similar 
findings through a meta-analysis of the association between 
depression and telomere length (r = −.12, P < .001).  

However, there is some evidence that a healthy lifestyle can 
mitigate the effect of major life stressors on telomere length 
(Puterman et al., 2015). This is evidence of the protective 
effect of a good lifestyle physiologically, though it is unclear 
whether the same effect occurs psychologically. 
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These indicators have been less well-validated in other 
species but there is some evidence from various taxa. These 
include a decrease in telomere length from reproductive 
stress in mice (Kotrschal, Ilmonen and Penn, 2007), high 
stocking density in broiler chickens (Beloor et al., 2010) and 
salmon with an artificially enhanced growth rate (Pauliny et 
al., 2015). For most species further validation is needed 
against other welfare indicators.

INTERPERSONAL 
COMPARISONS 
OF UTILITY

Strength of Indicator: Moderate

Strength of Evidence: Weak

Due to natural genetic variation, individuals naturally age at 
different rates. One study in humans found that 57% of the 
variation in biological age could be explained by genetic 
factors (Karasik et al., 2004). This makes it difficult to use 
the rate of biological ageing of two individuals as a direct 
comparison of their welfare. However, in larger samples 
where this natural variation can be accounted for, intra-
species group comparisons of welfare are possible. 
Nevertheless, even in such a case, it is still difficult to 
compare individuals at different life stages (Bradshaw, 
2019). 

When looking to compare across species this problem is even 
greater. First, there is natural variation in rates of ageing, 
time spent as an adolescent and overall lifespan. It’s also not 
clear that stressors of equal significance to two species will 
have the same effect on the relative speed of biological 
ageing compared to controls. This is in part determined by 
the marker that is used, with telomere attrition commonly 
viewed as the most cross applicable (Bateson, 2016).

In species particularly distinct from humans, the validity of 
the rate of biological ageing as a measure of welfare is 
questionable (Bradshaw, 2019). For example, in cases where 
their pattern of ageing is different from humans, such as the 
desert tortoise (Gopherus agassizii) whose mortality 
decreases as it gets older (Gewin, 2013).
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OVERVIEW OF THE INDICATOR
The health and biological function of an animal is seen as a prerequisite to good welfare. As 
discussed in the first section of this report, biological function is also commonly viewed as 
one part of the definition of animal welfare. Health can be measured in a variety of ways and 
is typically the most commonly used indicator for farmed animals. Common measures of 
health include mortality, disease rates, and injury rates. For example, mortality and rates of 
disease are widely monitored on farms in large part due to their connection to productivity. 

Health indicators can also include tertiary biological indicators such as immune function, 
growth, and reproduction. However, I will only be examining broader physical rather than 
physiological indicators in this section.

RELIABILITY
Strength of Indicator: High

Strength of Evidence: Weak

Mortality can be measured easily and accurately through on-
farm monitoring of losses. This level of monitoring can vary 
from a basic recording of losses to detailed records of the 
date, age, weight and cause of death for each individual. 
Although we found no formal assessments of the reliability 
of mortality, we expect it to be a reliable measure because of 
the mostly clear distinction between the alive and dead. 

Disease rates are commonly assessed through the causes of 
mortality determined from a necropsy. This is assessed with 
some animals and farms and not others. As above, no formal 
assessments of inter-rater reliability of cause of death have 
been done. A priori, we expect this to be fairly reliable but 
that there will be some level of human error. Part et al. 
(2016) are also fairly confident that disease prevalence rates 
will be fairly reliable as they are performed by official 
veterinarians and there is a strong food safety incentive for 
accurate diagnostics.
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Injury and animal condition grading are assessed by external 
observers. The reliability of these measures has been well 
studied for a variety of animals and injuries. In chickens, 
these include keel bone fractures which have moderate inter-
observer reliability (r=0.44) and high accuracy (Petrik, 
Guerin and Widowski, 2013), a feather scoring system with 
very high inter-observer reliability (r=0.88)(Decina et al., 
2019), and foot pad dermatitis scoring which had an average 
PABAK value of 0.88 (Piller et al., 2020). Similar findings 
in cows for lameness (Willen, 2010) and body condition 
score (Morin et al., 2020), and in pigs for tail lesions, body 
lesions, and lameness (Mullan et al. 2011) show these 
measures are reliable. Phythian et al. (2012) examined the 
reliability of multiple indicators of sheep welfare and found 
that inter-observer reliability was high for lameness, wool 
loss, cleanliness of the breech area, and ventral abdomen. 
The other behavioural indicators examined occurred too 
infrequently in the sample to be reliable.

FACE VALIDITY
Strength of Indicator: Low

Strength of Evidence: Conjecture

Good health may correlate with many factors included in our 
definition of welfare. Poor health will often lead to poor 
welfare but health in and of itself is not a measure of 
welfare.

CONTENT 
VALIDITY

Strength of Indicator: Low

Strength of Evidence: Conjecture

Good physical health is an important contributor to the 
welfare of an animal but does not capture the full construct. 
Segner et al. (2012) writes ‘the fact that an animal is healthy 
does not necessarily mean that it has a good welfare status. 
Thus, welfare is the broader, more overarching concept than 
the health concept.’ In a practical setting, particularly with 
indicators such as mortality, measures of health only serve as 
evidence of very poor welfare.

40



CRITERION 
VALIDITY

Strength of Indicator: Moderate

Strength of Evidence: Medium

A variety of health conditions and reduction in functioning 
have been shown to have an effect on human well-being. 
These include pain, conditions that reduce our ability to 
function, or severe restrictions on our mobility (Dolan and 
Metcalfe, 2012). There is some evidence of a relationship 
between mortality and subjective well-being. A 2017 meta-
analysis showed that subjective well-being was a protective 
factor for mortality (pooled hazard ratio = 0.920) (Martín-
María et al., 2017). Although the author notes that additional 
research would be required to ‘establish a cause-effect 
relationship.’

Although physical health has been shown to track onto well-
being the majority of the time, in some cases there can be a 
large degree of divergence. Dolan and Metcalfe (2012) 
examine subjective well-being as the dependent variable 
against dummies for all 5 factors in the EQ5D (a measure of 
health and functioning). They found no statistically 
significant effect on either life satisfaction or day effects of 
those with the condition “some problems walking”, a 
condition that participants were willing to trade off 14.6% of 
their remaining life to avoid. 

In non-human animals, the relationship between health, 
mortality, well-being and stress has also been documented. 
For salmon, stressful events compound to increase the risk 
of mortality when exposed to additional stressors (Järvi, 
1989). Housing systems can have a large effect on the 
distribution of mortality amongst laying flocks (Weeks, 
Lambton and Williams, 2016). Some measures of health 
have also been validated against biological indicators. Lame 
pigs and prolapsed pigs with pain showed higher salivary 
levels of cortisol compared with healthy pigs (Contreras-
Aguilar et al., 2019).
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INTERPERSONAL 
COMPARISONS 
OF UTILITY

Strength of Indicator: Low

Strength of Evidence: Conjecture

It's possible to compare health states and functioning 
between individuals but this does not necessarily give us a 
fair comparison of an individual's welfare. Take the example 
above of “some problems walking”. Some individuals will 
value fully functioning walking a lot while others will not. 
Somebody who enjoys hiking regularly will be affected 
much more than someone whose main hobby is watching 
movies. Even with particular diseases or painful injuries, 
there is variation in each individual's ability to cope.

42



ABNORMAL BEHAVIOURS
OVERVIEW OF THE INDICATOR
Abnormal behaviours tend to develop in adverse and stressful environments. These 
behaviours are an attempt for an animal to mentally cope with the stressors. Abnormal 
behaviours are identified when they meet some or all of the following criteria (Garner, 
2005): 

• The behaviour is only seen in captivity 

• If seen in the wild, the behaviour is performed in inappropriate circumstances or 
performed excessively 

• The behaviour involves self-injury, affects social interactions, or has deleterious 
consequences on growth or reproduction 

• The behaviour is peculiar to a subset of individuals 

• The behaviour induces signs of distress in the animal or its companions 

Examples of such behaviours include stereotypies (repetitive movements), self-mutilation, 
tail-biting, feather-pecking, aggressive behaviour, and vacuum activities. The presence and 
intensity of such behaviours are measured by observers who document the frequency and 
time spent performing these behaviours. Some behaviours can be documented through the 
consequences of the behaviours, such as with tail-biting and feather-pecking.  

RELIABILITY
Strength of Indicator: High

Strength of Evidence: Weak

The reliability of abnormal behaviours as an indicator of 
welfare falls into two categories: that the same conditions 
result in the same response and that methods for assessing the 
severity and prevalence of these behaviours are reliable. 

The first aspect of this, that the same environmental 
conditions will result in the appearance of the same abnormal 
behaviours, is doubtful. This is driven by the fact that 
abnormal behaviours are a result of an individual's response 
to psychological damage.
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Garner (2005) notes that some individuals will perform 
abnormal behaviours while others will not, even when they 
are of the same strain, sex, and age, experiencing the same 
housing, husbandry, and handling, and housed in the same 
cage. Even amongst those animals that perform abnormal 
behaviour, individuals differ significantly in the severity of 
the behaviour. 

Although the performance of abnormal behaviours by an 
individual is unreliable, across a large enough population we 
should expect the incidents to be a better indicator. 

Given abnormal behaviours are present, we then need reliable 
ways of assessing their severity and frequency. This varies 
from behaviour to behaviour but the most well studied are 
behaviours that result in physical damage, such as feather 
pecking. These can be assessed through body condition 
scores as with other health indicators. Feather scoring 
systems have  high inter-observer reliability (r=0.88) (Decina 
et al., 2019) (r=0.89) (Van Zeeland et al., 2013) and high 
intra-observer reliability (0.9-0.95). Behaviour scoring 
systems have been used in some animals, including elephants 
where they had a moderate level of inter-rater reliability of 
r=0.56 (Yon et al., 2019). However, the reliability of the vast 
majority of measures of behaviour has not been measured in 
each species.

FACE VALIDITY
Strength of Indicator: Moderate

Strength of Evidence: Conjecture

The performance of   abnormal behaviour, as defined by 
Garners (2005) criteria, is somewhat likely to be an indicator 
of stress or negative welfare. However, in some instances it’s 
possible that the same behaviours could be displayed when 
the animal is experiencing positive, neutral or negative 
welfare. Even still, abnormal behaviour appears to be a weak 
indicator of the current welfare of the animal and is more 
often considered an indicator of past welfare issues.

CONTENT 
VALIDITY

Strength of Indicator: Low

Strength of Evidence: Conjecture
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Most behaviours that fall into this category are exhibited 
when an individual experiences sufficient stress (either 
chronic or acute) to cause it to use behaviour as a coping 
mechanism. There are some instances where behaviours such 
as stereotypies are associated with positive or neutral welfare, 
such as thumb sucking in human infants. However, most 
instances of abnormal behaviour are only associated with 
negative welfare. The performance of these stereotypies are a 
coping mechanism for stress, so may be beneficial to an 
animal's welfare but ultimately indicate the presence of a 
stressor.

CRITERION 
VALIDITY

Strength of Indicator: High

Strength of Evidence: Weak

Some abnormal behaviours have been validated in humans 
against measures of subjective well being. For example, self-
harm is associated with higher negative affect (Croyle, 2000; 
Ana Xavier, 2014). Conditions that result in similar 
behaviours, such as obsessive compulsive disorder, have also 
been associated with lower levels of life satisfaction (Norberg 
et al., 2008). However, some behaviours seem to emerge at 
certain life stages regardless of welfare, such as rhythmic 
stereotypies in infants (Thelen, 1979). These can be elicited 
by a wide variety of contexts including non-alert states, 
interactions with the caregiver and other persons, feeding 
situations, object interest, and kinaesthetic changes (Thelen, 
1981).

There is some evidence of the relationship between abnormal 
behaviour and welfare in other animals. In mice, early 
weaning is associated with both higher cortisol levels 48 
hours after weaning and higher adult stereotypy levels 
(Würbelf and Stauffacher (1997).
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In mink, pacing behaviours are documented at increasing 
frequency during pre-feeding which is possibly motivated by 
hunger (Mason, 1993). In pigs, stereotypies occur more 
frequently when tethered (Cronin et al., 1986; Barnett, 1990) 
and when housed in crates rather than in pens (Arellano, 
Pijoan, Jacobson, and Algers, 1992). Again, these occurred 
predominantly before feeding. Other behaviours such as 
‘vacuum’ dust bathing in hens occur due to the lack of 
available stimuli (Lindberg, 1997)

INTERPERSONAL 
COMPARISONS 
OF UTILITY

Strength of Indicator: Low

Strength of Evidence: Weak

Abnormal behaviours occur due to abnormal physiology and 
therefore may not occur in all individuals exposed to the 
same conditions. The variation in behaviour between 
individuals could add considerable between-individual noise 
(Garner, 2005), making it very difficult to compare the degree 
of abnormal behaviour and then infer welfare. Mason (2004) 
states that ‘non-stereotyping or low-stereotyping should not 
be overlooked or assumed to be faring well: simple measures 
of frequency should not be used to compare stereotypies that 
differ in age, form or the biological or experiential 
characteristics of the performing animal’.
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VOCALISATION
OVERVIEW OF THE INDICATOR
Vocalisations are sounds produced by an animal. They are used to communicate between 
individuals. Like any behaviour, particular states or moods can cause different vocalisations. 
These are both an indicator of the internal state of the animal and they may also modulate 
emotions of those hearing the sound for example distress utterances in an abattoir 
(Manteuffel, Puppe, Schön, 2004). These types of calls or sounds associated with each state 
are built up over time by experts familiar with the animals.

Vocalisations can either be recorded by an external reviewer or more reliably and widely 
through automated bioacoustics. This allows for more diverse numerical descriptions and 
statistical examinations (Manteuffel, Puppe, Schön, 2004). The most widely known 
application of this sort of audio analysis is for speech recognition in smartphones 
 (Mcloughlin, 2019).

RELIABILITY
Strength of Indicator: High

Strength of Evidence: Conjecture

There has been little research into the reliability of 
vocalisations or different automatic or reviewer based 
assessments of what state they indicate. Given the reliability 
of reviewers for other indicators and the success of audio 
analysis in other contexts I would expect them to be   highly 
reliable measures of frequency and a moderately reliable 
measure of the type of vocalisation.

We can make some weak inferences about how reliably 
animals produce vocalisations from other existing research. A 
study from Watts et al. (1999) studied the ‘effects of restraint 
and branding on rates and acoustic parameters of vocalisation 
in beef cattle’. During their investigation, they found that 65 
of the 189 calves studied vocalised during treatment. Given 
the vast majority of animals did not vocalise, this is some 
weak evidence that vocalisation is an unreliable indicator, at 
least between individuals. It’s not clear whether repeated 
treatment would elicit the same response from the animals or 
whether similar groups would respond similarly.

FACE VALIDITY
Strength of Indicator: High

Strength of Evidence: Conjecture
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Theoretically, vocalisations are a way for animals to 
communicate their inner mental states to other members of 
their own species. This might be to alert others to danger or 
for bonding purposes. In humans, subjective reports of well-
being can to some extent be categorised as vocalisations. The 
complexity of the information delivered is much higher but 
simple vocalisations seem to provide us with a fair indicator 
of welfare. The main issues will be accurately mapping 
vocalisations onto the correct emotions and that some species 
or individuals will be unable to vocalise or will do so much 
less frequently.

CONTENT 
VALIDITY

Strength of Indicator: Moderate

Strength of Evidence: Weak

Vocalisations have been proposed as an indicator of both 
positive and negative welfare, or of generally high arousal 
affective states. Their link with negative welfare is evident 
from Watts et al. (1999) and similar studies that show that 
some animals will vocalise when in pain. For positive 
welfare, Boissy et al. (2007) describe volcalisations as the 
most promising convenient indicator for assessing positive 
experiences.

CRITERION 
VALIDITY

Strength of Indicator: High

Strength of Evidence: Medium

In humans, we associate many different vocalisations with 
different mental states. Beyond the complex information 
provided by speech, extreme fear or excitement can cause us 
to scream, humour during social interactions causes us to 
laugh (Bryant, 2014), and a common response to pain is to 
swear (Stephens, Atkins and Kingston, 2009).

Vocalisations have been associated with similar experiences 
in non-human animals. 
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Similar vocalisations to laughter have been observed in rats 
during play and while being tickled (Panksepp and Burgdorf, 
2003). The same frequency call has been associated with 
play, mating, and in anticipation of rewards, while lower 
frequency calls are exhibited during social defeat and drug 
withdrawal, as well as in anticipation of aversive events 
(Burgdorf et al., 2005).

Ewes bleat when separated from their lambs and when they 
are searching for each other, producing a ‘rumble’ when 
reunited (Keeling, 2001).

Cows in commercial slaughter plants vocalise after stressful 
events such as electric prodding, which reduces when prod 
use is decreased (Grandin 1998). Calves also respond to 
branding by vocalising at a higher peak frequency and sound 
level than their other vocalisations (Watts, 1999). They 
respond similarly, but to a much lesser degree, when 
separated from their mothers. There is an additional increase 
in vocalising and sound frequency when fed less milk 
(Thomas et al. 2001).

INTERPERSONAL 
COMPARISONS 
OF UTILITY

Strength of Indicator: Low

Strength of Evidence: Conjecture

As the purpose of vocalisations is to communicate between 
members of the same species, we would expect similar 
vocalisations to reflect the same emotions across individuals 
of the same species. However, the propensity of each 
individual to vocalise given the same emotional state may 
vary. This makes vocalisations an unreliable method to 
compare between two individuals. If used on a larger sample 
as the studies above have used, then these differences will 
somewhat cancel out, making it a better indicator.

However, this does not apply between species as although 
almost all birds and mammals are able to vocalise, the 
number of incidences and frequency of vocalisation may vary 
considerably between species (Manteuffel, Puppe, Schön, 
2004). In addition, in a large number of cases species are 
unable to vocalise, though this is largely the case in species of 
fish.
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BODY LANGUAGE 
(QUALITATIVE BEHAVIOURAL ASSESSMENT)
OVERVIEW OF THE INDICATOR
Body language is a type of non-verbal communication through behaviours such as posture, 
expressions, eye contact, and gestures. For example, a dog experiencing fear or anxiety may 
lean back, lower its head and body, and tremble (7 Tips on Canine Body Language, 2017). 
What body language is being displayed and what emotion this implies is assessed by expert 
observers. Through their previous experience with the animals and/or training, they develop a 
sense for what is or is not normal behaviour and what behaviours are associated with 
different emotions. The scientifically validated method for assessing this is termed qualitative 
behavioural assessment (Qualitative Behaviour Assessment, no date). This method uses the 
ability of human observers to evaluate details of behaviour, posture, and the environment to 
code them with a descriptor such as “curious” or  “happy”.

RELIABILITY
Strength of Indicator: High

Strength of Evidence: Strong

The inter-rater reliability of qualitative behavioural 
assessments has been studied in many different farmed 
animals. 

Wemelsfelder et al. (2001) investigated the inter and intra-
observer reliability of qualitative assessment of pig 
behaviour by nine ‘naive’ observers using a free choice 
profile. They found significant variation across observers’ 
agreement showing very high inter- and intraobserver 
reliability. Qualitative behaviour assessments have also been 
shown to be reliable across different groups where one might 
expect bias. Wemelsfeder er al. (2012) found that pig 
farmers, large animal veterinarians, and animal protectionists 
provided consistent answers when describing the welfare of 
pigs  (pearson r > 0.90).
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In sheep, Phythian et al.’s (2012) observer codings for the 
presence of dull demeanour have high inter and intra-
observer reliability. Phythian et al. (2013) also found high 
levels of agreement between a group of veterinary students, 
veterinary surgeons, and farm assurance inspectors when 
using a visual Analogue Scale.

In a comparison between experienced and inexperienced 
observers of dairy cows, Bokkers et al. (2012) found good to 
fair intra and inter-observer reliability. Although the author 
notes that some sources suggest that a correlation coefficient 
above 0.7 is referred to as the threshold for an acceptable 
measurement and this was not reached.

It is worth noting that there has been little validation of this 
method outside of mammals. Given the difficulty humans 
have empathising with other animals we are skeptical of the 
generalisability of these results to other animals such as fish 
and invertebrates.

FACE VALIDITY
Strength of Indicator: Moderate

Strength of Evidence: Conjecture

The face validity of body language varies from species to 
species. Generally, the more closely related the animal is to 
humans, the more we would expect human raters to be able 
to interpret body language.

CONTENT 
VALIDITY

Strength of Indicator: High

Strength of Evidence: Weak

The descriptors used in qualitative behavioural assessment 
capture a wide range of possible emotions. These include 
‘content/ relaxed/ bright’, ‘distressed/ dejected/ tense’, 
‘agitated/ responsive/ anxious’, and ‘dull/ dejected/ 
relaxed’ (Phythian et al., 2013). In some instances, a free 
choice model is used where observers can assign any 
descriptor to the animal's behaviour. This allows qualitative 
behavioural assessment to capture both positive and negative 
affect.
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CRITERION 
VALIDITY

Strength of Indicator: Moderate

Strength of Evidence: Medium

A forward ear posture has been associated with pain and tail 
docking in lambs (Guesgen et al., 2016). The same posture 
has been observed in sheep separated from its group whilst 
passive ear postures are more associated with enriched feed 
compared to wooden pellets during feeding (Reefmann et al., 
2009; Hemsworth et al., 2011) reported a correlation 
between head position and serum cortisol concentration 
when sheep were approached by a stockperson. 

Other methods such as morphometric geometrics have been 
associated with stereotypic or abnormal behaviour and, to a 
lesser degree, with depressed-like postures in horses 
(Sénèque et al., 2019). ‘Withdrawn’ posture has also been 
associated with greater indifference to stimuli and more 
emotional reactivity to challenging situations, although the 
animals also have lower plasma cortisol levels (Fureix et al., 
2012).

Qualitative behavioural assessment has been validated 
against some psychological indicators demonstrating the 
expected associations. Examples include heart rate, heart rate 
variability, core body temperature, and a stress leukogram in 
sheep and cattle (Wickham et al., 2012; Stockman et al., 
2011). They have also been validated in the administration of 
a neuroleptic drug (Rutherford et al., 2012), although Carroll 
et al. (2018) note that this probably results in more 
‘conspicuous’ behaviours than usual. In their own 
examination of pigs,   Carroll et al. (2018) found no 
association between qualitative behavioural assessment and 
psychological indicators.
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INTERPERSONAL 
COMPARISON OF 
UTILITY

Strength of Indicator: High

Strength of Evidence: Conjecture

The descriptors used during qualitative behavioural 
assessment are generalisable across individuals and species. 
The behaviours and posture of the animal that may lead an 
observer to ascribe these emotions onto the individual are 
not. These vary across species which is why this method 
requires previous experience and/or training in interpreting 
the body language of an animal.
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LOCOMOTION
OVERVIEW OF THE INDICATOR
Locomotion includes any movements made by the animal to move between locations. This 
extends beyond abnormal behaviours such as moving and pacing around an enclosure to 
general movement including escape behaviour, the ability for the animal to move freely, and 
the frequency of these movements.

RELIABILITY
Strength of Indicator: High

Strength of Evidence: Weak

Little work has been done assessing the reliability of 
locomotion measures, such as distance traveled or swim 
speeds as a whole. However, we expect that the methods 
usually used to assess these are reliable. These include the 
stereocinematographic method which Boisclair (1992) found 
can accurately assess fish swim speed, or frame by frame 
analysis using video tracking systems (Robin Technologies, 
Inc. http://www. robintek.com, no date)

FACE VALIDITY
Strength of Indicator: Low

Strength of Evidence: Conjecture

Deviations from normal movement patterns seem like a weak 
indicator of welfare. We may observe a reduction in 
locomotion due to environmental restrictions but this does 
not necessarily demonstrate a reduction in welfare.

CONTENT 

VALIDITY

Strength of Indicator: Low

Strength of Evidence: Conjecture

Increases and decreases in the amount of movement from a 
normal level are both associated with negative welfare. As 
such, the amount of locomotion seems unable to capture 
positive welfare. Other movements such as escape and 
avoidance behaviour are also negative indicators but are 
already captured by preferences.

CRITERION 

VALIDITY

Strength of Indicator: Low

Strength of Evidence: Weak
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VALIDITY

Changes in locomotion in chickens occur due to higher 
stocking densities with increased density resulting in a short 
average distance per hour (Lewis and Hurnik, 1990). 
Similarly, Fouad et al. (2008) observed that floor-raised 
broiler chickens were seen more often walking, lying, and 
pecking compared to cage-raised chickens who stood still 
more often. Shields and Greger  (2013) notes that ‘the lack of 
free space appears to constrain activities that broiler chickens 
would otherwise choose’. The cage-raised chickens had 
greater heterophil to lymphocyte ratios and worse gait 
scores.  

Kristiansen et al. (2004) found that in Atlantic halibut 
individual swimming activity rose with increasing density. 
Fish that were frequent "surface swimmers" also had 
significantly lower growth but this may be classified as a 
stereotypic behaviour. Changes in swimming activity have 
also been associated with hypoxic conditions for different 
species of fish. This can lead to either reduced activity which 
‘may enable fish to survive prolonged and widespread 
exposure’(Martins et al., 2011) or increased swim speed 
which may be an escape response (Tang and Boisclair, 2011).

INTERPERSONAL 
COMPARISON OF 
UTILITY

Strength of Indicator: Low

Strength of Evidence: Conjecture

Comparisons between individuals are difficult as swim 
speed, average distance travelled, and other movement 
patterns will vary naturally based on each individual’s 
temperament rather than their well-being. Some individuals 
will be more prone to activity and more effective when it is 
constrained. Therefore comparing the change from standard 
movement patterns can’t provide us with an adequate 
comparison. Species comparisons are impossible for some 
movement patterns such as flight or swim speed and others 
will vary greatly between animals that would naturally roam 
large territories.
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NATURAL BEHAVIOURS
OVERVIEW OF THE INDICATOR
As we discussed in the introductory section on ‘what is animal welfare’ many view the ability 
to perform natural behaviours as essential to the welfare of the animal. So much so, that they 
argue that the concept of welfare itself contains the natural behaviours of the animal. 
Although we think this is philosophically flawed, the performance of a wide variety of natural 
behaviours are a potential indicator of good welfare. 

The definition of what is and is not a natural behaviour is itself contentious. Bracke and 
Hopster (2006) examine previous perspectives on what is or is not classified as natural 
behaviour and their flaws. They conclude that the proper definition of a natural behaviour is a 
‘compound working-definition’ and that ‘Natural behaviour is behaviour that animals tend to 
perform under natural conditions, because it is pleasurable and promotes biological 
functioning’. 

Behaviours classified as natural or comfort behaviours differ between species. Under this 
definition, examples of natural behaviour include rooting and nest building in pigs, dust-
bathing and preening in poultry, grazing in cattle, and play behaviour in all animals (Bracke 
and Hopster, 2006).

RELIABILITY
Strength of Indicator: High

Strength of Evidence: Weak

The most common methods for assessing the frequency of 
behaviours is the use of an ethogram by human observers. 
The reliability of this kind of coding in general was 
examined in several previous sections of this report. Other 
methods for coding behaviour include using machine 
learning and at least in some cases these methods are reliable 
(Pereira et al., 2013). However, in this review there was little 
direct research into the reliability of ethograms for coding 
natural behaviours.

FACE VALIDITY
Strength of Indicator: High

Strength of Evidence: Conjecture
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Natural behaviours have high face validity as an indicator of 
positive welfare as they demonstrate time spent experiencing 
positive affect. The frequency of these behaviours show that 
the animal is experiencing at least some moments of 
happiness and that they have high enough welfare to be 
motivated to perform these. The widespread belief that 
natural behaviour is a constituent of welfare also provides 
some evidence in favour of its validity as an indicator. 
However, for some definitions of natural behaviour this may 
be because the public overvalues it due to naturalistic bias.

CONTENT 
VALIDITY

Strength of Indicator: Low

Strength of Evidence: Conjecture

Natural behaviour is an indicator of positive welfare 
experiences. Time spent performing these activities as well 
as their diversity are   associated with positive affect. We can 
evaluate the intensity of these experiences by examining the 
animal's response to the frustration of their desire. The 
degree of frustration will be associated with the intensity of 
the desire which will somewhat map onto the level of reward 
provided by the behaviour.

CRITERION 
VALIDITY

Strength of Indicator: High

Strength of Evidence: Weak

Various natural and comfort behaviours have been associated 
with physiological responses linked with positive emotions. 
Play, autogrooming, and dust-bathing are all demonstrated 
signs of rewarding activity (Vestergaard et al., 1999; Spruijt, 
van Hooff and Gispen, 1992). Individuals show 
compensatory behaviour when behaviours such as dust-
bathing are restricted (Vestergaard et al., 1999). This 
demonstrates that animals find these behaviours rewarding 
and are frustrated when they are unable to perform them, but 
provides no indication to whether high welfare individuals 
are more likely to perform them. 
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In this brief review, we found several studies which provide 
evidence that stressors or environments associated with 
lower welfare reduce the incidence of natural behaviour. 

Mintline et al. (2013) found that play behaviour in calves 
was suppressed 3 hours after hot-iron disbudding. 
Administering local anaesthetic and a non-steroidal anti-
inflammatory drug increased play behaviour in the disbudded 
group. This treatment had no effect on the play behaviour of 
calves in the sham disbudding group. 

Pohle and Cheng (2009) examined the different effects of 
furnished cages and battery cages on bird behaviours. They 
found that the birds housed in furnished cages had higher 
levels of preening. The birds housed in battery cages had 
higher posture and behavioural transitions and increased time 
spent walking and performing exploratory behaviour which 
Pohle suggests may indicate they were stressed.

Bergmann et al. (2017) compared the effect of an alternative 
rearing system for broiler chickens against conventional 
methods. The chickens raised in the alternative system had 
access to several forms of environmental enrichment and a 
lower stocking density. They found that the birds raised in 
this system made good use of the enrichment display, spent 
more time grooming but that there was no significant 
increase in dust-bathing. By contrast Liu et al. (2020) found 
that chicks in enriched enclosures were less likely to display 
play behaviour during worm running tests, though they found 
no difference in spontaneous play behaviour between groups. 
Liu suggests that the increase in worm run play behaviour in 
the unenriched group may be ‘because of the larger contrast 
between their relatively unstimulating environment and the 
test’ (Liu, Torrey, Newberry, & Widowski, 2020).

Miller et al. (2020) suggests that the diversity of behaviours 
should also be used as a positive indicator of welfare. 
Through their review they outline evidence that behavioural 
diversity is negatively associated with stereotypies, fecal 
glucocorticoid metabolites, and poor health while it increases 
with environmental enrichment.

58



INTERPERSONAL 
COMPARISONS 
OF UTILITY

Strength of Indicator: Low

Strength of Evidence: Conjecture

As was discussed above, there are a wide variety of natural 
behaviours and some behaviours such as preening are only 
seen in a few species. When we have established the natural 
behaviour patterns and the level of motivation the individual 
has to perform each behaviour (Bracke and Hopster, 2006), 
we are able to compare the degree of frustration. However, 
the natural variation in personality between individuals will 
affect the desire to and propensity to perform natural 
behaviours in different systems, making inter-individual 
comparisons difficult. As with many of the indicators 
discussed, the stated solution is to use a large enough sample 
such that these personality differences even out.
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Although indicators are useful tools for assessing welfare, most are not in and of themselves 
an overall assessment of the animal's welfare. Preference testing, cognitive bias, and 
qualitative behavioural assessment can be used as standalone assessments but primary 
biological indicators or vocalisations only reveal part of the picture. There are a large variety 
of existing composite measures of welfare used by non-profits and used in academia. These 
vary both in the weight they put on different indicators and in the underlying philosophy of 
what animal welfare is, as discussed in the first section of this report. The ideal overall 
assessment of welfare would be a ratio scale where there is a true zero point that reflects a 
neutral life and equal intervals between points. 

FIVE FREEDOMS

The five freedoms is one of the most widely 
used methods for assessing welfare. They 
were developed by Britain's Farm Animal 
Welfare Council in 1965 for aspects needed 
to meet the mental and physical needs of 
animals (Miller et al., 2020). The five 
freedoms constitute the following: freedom 
from hunger and thirst, freedom from 
discomfort, freedom from pain injury or 
disease, freedom to express normal 
behaviour, and freedom from fear and 
distress. These are assessed in part through 
different indicators of welfare and via an 
objective list of what constitutes high 
welfare for an animal. Freedom from thirst, 
for example, is assessed through access to 
fresh water rather than psychological 
measures of dehydration. 

Existing concerns with the five freedoms 
critique its focus on poor welfare, which 
may be sufficient to reduce the suffering of 
animals but may not result in a life worth 
living. The only freedom that touches on 
positive welfare is the freedom to express 
normal behaviour. Even in this, it is only the 
freedom to express these behaviours rather 
than the extent to which the animal does. 
The five freedoms model would fail to 
capture the value of the types of behaviours 
expressed or the variety, which may also be 
an indicator of positive welfare (Miller et 
al., 2020). Overall, the five freedoms are 
more a guide for how to avoid negative 
welfare rather than a measure of the overall 
quality of an animal’s life and a method to 
achieve flourishing. Each freedom is 
necessary for good welfare but not 
sufficient. In addition, the five freedoms 
don’t provide any way to grade the severity 
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of the frustration of a freedom (McCulloch, 
2012).

THE FIVE DOMAINS MODEL

The five domains is a more recent iteration 
of the five freedoms model for welfare. This 
method reformats the five freedoms into 
domains of nutrition, environment, health, 
behaviour and mental state. These are 
graded on a five tier system for welfare 
from A-E, where A represents the highest 
welfare and E the lowest, alongside a 
grading of animal welfare enhancement 
using a four-tier scale (0, +, ++, +++) 
(Mellor, 2017). These grades represent 
‘different degrees of welfare compromise 
ranging from none to very severe’(Mellor, 
2017).   Grades are intended as an ordinal 
scale with no intention of weighing each 
domain's importance against each other. 
Mellor (2017) explains that the rejection of 
numerical grading was to avoid non-
reflective averaging of “scores” and to avoid 
implying much greater precision than is 
possible with qualitative assessments. This 
means that the five domains make no 
comparative claims between two animals, 
one with grade A on nutrition and B on 
environment, and the other with grade A on 
environment and B on nutrition. Therefore, 
as it is originally construed it can’t be used 
to prioritize between interventions on its 
own, and instead it is meant to be used to 
help inform one’s considered judgment.

FIVE PROVISIONS MODEL

The five provisions model is a further 
iteration of the five freedoms. The 
provisions acknowledge that complete 
freedom from all negative experiences is an 
unrealistic ideal; Mellor (2016) argues that 

the best that can be achieved is to minimise 
them. The provisions also hope to improve 
on the common critique that the five 
freedoms focus too much on negative 
experiences. It does this by including a 
provision for positive mental experiences 
and placing a strong emphasis on the 
subjective experience of the animal, with 
the aim of achieving a net balance between 
s i g n i fi c a n t n e g a t i v e a n d p o s i t i v e 
experiences.

TWELVE CRITERIA 
(KEELING, 2007)

Botreau’s twelve criteria is made up of four 
criteria (good feed, good housing, good 
health, and appropriate behaviour) and 12 
sub-criteria. These criteria were based on an 
additional critique of the five freedoms 
provided by Botreau that many of the 
freedoms overlap or are very vague 
(Keeling, 2007). For example, freedom 
from discomfort is often associated with 
freedom from pain, injury, and disease. 

QUALITY OF LIFE 
(MCMILAN, 2003)

McMillan (2003) grounds their assessment 
of welfare in the balance model of quality of 
life. This is the affect balance between 
pleasant and unpleasant feelings at each 
point in time and across an animal's life. 
The quality of one's life is assessed by each 
individual based on each animal’s genetics, 
personality, and experiences, which results 
in different values and priorities being 
assigned by the individual to different 
aspects of its life (McMillan, 2003). 
McMillan outlines six major contributing 
factors to an individual's quality of life: 
social relationships, mental stimulation, 
health, food consumption, stress, and 
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control. These are outlined with methods for 
maximisation but no overall assessment or 
prioritisation between different elements is 
likely given the individual variation in 
weightings. 

QUALITY OF LIFE DOMAINS 
(TAYLOR AND MILLS, 2007)

Taylor and Mills (2007) and Teng et al. 
(2018) define quality of life as the state of 
an individual's life as perceived by them at 
one point in time. This includes the balance 
of positive and negative affect and cognitive 
evaluations when the animal has the 
capacity. They acknowledge that quality of 
life can be predicted by the fulfillment of 
various needs but that these are not perfect 
proxies. They outline various domains that 
can be used as indicators of an animal's 
quality of life.   The two broad categories 
used are social or environmental indicators 
and physical or psychological indicators. 
These were developed from child–proxy 
health related quality of life tools and 
existing companion animal quality of life 
assessments. 

WELFARE-ADJUSTED LIFE 
YEARS (WALYs)

Welfare-Adjusted Life Years (WALY) are an 
adaptation of the widely used global health 
metrics disability adjusted life years 
(DALY). The WALYs lost due to an event 
or condition are calculated from the welfare 
weight of the condition or event multiplied 
across the period of time that the animal is 
affected and the years of life lost. The 
welfare weight is constructed by surveying 
veterinarians or animal welfare experts for a 
particular animal on the welfare weight they 
would assign to various conditions. This can 

either be done using a visual analog scale or 
through time trade-offs between different 
conditions and years of life. Teng et al. 
(2018) introduced this metric by estimating 
the WALYs for 10 canine diseases. 

SEMANTIC MODELLING OF 
EXPERT OPINION

Bracke et al. (2019) used an alternative 
method for synthesising expert opinion into 
a quantitative score for different housing 
systems for broiler chickens.   Bracke 
surveyed  ‘established welfare scientists and 
others (e.g. veterinarians) to provide welfare 
scores and weighting factors for welfare-
relevant attributes/parameters of broiler 
housing systems’ (Bracke et al., 2019). This 
included overall scores, welfare scores for 
different housing systems, and the main 
parameters of these systems with their 
relative importance. 

CHARITY 
ENTREPRENEURSHIP’S 
WELFARE INDEX

Charity Entrepreneurship’s Welfare Index is 
a weighted index of 8 criteria used to assess 
welfare (Is it better to be a wild rat or a 
factory farmed cow? A systematic method 
for comparing animal welfare, no date). 
These are death rate/reason, human 
preference from behind the veil of 
ignorance, disease/injury/functional 
impairment, thirst/hunger/malnutrition, 
anxiety/fear/pain/distress,   environmental 
challenge, index of biological markers and 
behavioural/interactive restriction. These are 
each weigh ted accord ing to the i r 
performance on CE’s evaluation criteria for 
the underlying goals of the metrics. Each 
area is assessed for the animal and then 
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given a score in the range assigned to each 
criteria by multiple researchers. This is 
informed by the range of the criteria in 
different environments or for different 
conditions.

ANIMAL NEEDS INDEX (ANI)

The Austrian ANI-system (ANI-35-L) 
evaluates five components: mobility, social 
contact with members of the same species, 
floor conditions, stable climate, and the 
intensity of human care (‘A review of the 
animal needs index (ANI) for the 
assessment of animals’ well-being in the 
housing systems for Austrian proprietary 
products and legislation’, 1999). Within 
these components, there are 24 criteria 
graded up to a maximum of plus 3 and a 
minimum of -0.5. These criteria are all 
aspects of the environment or about access 
to goods rather than animal-based measures. 
This means that   ANI needs to be adapted 
for use for each new species. This has 
already been done in several species such as 
beef cattle, dairy cows (Seo, Date, Daigo, 
Kashiwamura and Sato, 2007), and laying 
hens but is not available for others. Once 
adapted for a new animal, the ANI provides 
a quick way to assess the conditions for 
welfare but the lack of animal-based 
measures makes it a poor guide for the 
importance of different aspects of an 
animal's environment or care.

WELFARE QUALITY PROJECT 

The Welfare Quality project was a European 
research project which aimed to develop 
assessment protocols for animal welfare 
(Blokhuis et al., 2010). Welfare Quality 
outlines four principles and twelve welfare 
criteria for assessing welfare. Each criteria 
is measured through a variety of indicators 

(~30) which vary between species, with 
different protocols available for each 
(Welfare Quality Network, no date). Many 
of these indicators are animal-based 
measures, such as physical health or 
behaviour, but the WQI also includes items 
such as the number of drinkers available per 
animal (Quality®, no date). Compliance 
with different measures of each criterion is 
expressed on a 0-100 scale; these are 
amalgamated into criteria scores which are 
then amalgamated into principle scores 
using a choquet integral. An intuitive way to 
understand this function is it weights the 
lowest score more highly, so if one welfare 
criteria or attribute is compromised the 
overall score can’t be compensated for by 
good scores in other sections. 

ANIMAL WELFARE INDICATORS 
PROJECT

Animal Welfare Indicators (AWIN) is 
another research project from the European 
Union (European Commission, 2015). 
AWIN is an evolution of the WQI with a 
greater focus on animal-based measures and 
assessing pain, as this was highlighted as an 
area neglected by existing measures. 
Resource or management based indicators 
are only used where no valid, reliable and 
feasible animal-based measures exist. In 
addition, the AWIN project focused on 
animals not covered by the WQI, such as 
horses and turkeys.

SOWEL AND SOWEL-TYPE 
MODELS

The SOWEL (from SOw WELfare) models 
were original ly developed for the 
measurement of pregnant sows by Bracke et 
al. (2002) In sows, the model measures a list 
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of 11 welfare needs with each need covering 
one of the animal’s behavioural systems 
such as feed intake, thermoregulation, rest, 
and locomotion. Each need is made up of 
different attributes, 
which are a mixture of environment or 
animal-based or management related 
measures,   which are scored between 0 and 
1 according to pre-set criteria, where 1 
represents the best score and 0 the worst. 
Intermediate scores are equally distributed 
and assigned based on the number of levels 
for that attribute so that an attribute with 
three levels receives attribute scores of 0, 
0.5, and 1. 

These attribute scores are then weighted 
according to a list of 12 weighting 
ca tegor ies which c lass i fy wel fa re 
performance criteria from various welfare 
disciplines. These categories are a selection 
of different animal-based welfare indicators 
capturing all the dimensions examined in 
previous sections: preference-based, 
physical health, psychological and 
behavioural. The weighting for each 
attribute level of each attribute is calculated 
from the sum of the scores from each 
category. This is informed by numerous 
scientific statements from different effects 
of the attribute on different welfare 
indicators to observations on natural 
behaviour. This results in a different 
weighting depending on the level of each 
attribute such that the difference between a 
large amount of space per pen (> 6,250 m2) 
and a moderate amount may be lower than a 
small amount (1–1.5 m2) and a moderate 
amount. The score for each housing 
condition is the product of the attribute 
scores and the weightings.

MYFISHCHECK

The most recently developed overall 
assessment is MyFishCheck which is an 
evolution of SOWEL type semantic models. 
This is a model of welfare made up of 
natural living, physical functioning, and a 
feelings based aspect. These are measured 
through five modules: farm management, 
water quality, fish group behaviour, fish 
external appearance, and fish internal 
appearance. Within each module, there are 
multiple parameters each with parameter 
intervals set through a literature review. 
Each interval is given a parameter score 
between 0 and -1 equally distributed across 
intervals as with SOWEL type models. 
These parameter scores are then multiplied 
by the score weights, which range from 1 to 
5 depending on the frequency and severity 
of the stressor. These again are then 
multiplied by their parameter weights from 
1 to 5, defined by interviewing 20 experts 
on the relevance of the parameter for the 
welfare of the animal. The overall score is 
calculated through the weighted average of 
all parameter scores, weighted by score and 
parameter weights and adding one. 
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DISCUSSION

The problems with many of these systems 
are that they are implicitly grounding their 
theory of animal welfare in the objective list 
theory of well-being. This theory, as we 
discussed in the first section of this report, 
has numerous flaws as a theory of animal 
welfare. In the context of many of these 
systems, this manifests when they, for 
example, list housing conditions as a 
condition for good welfare. This will be 
linked to welfare in many cases, but to have 
confidence in this claim the welfare status of 
each housing system needs to be validated 
against available indicators rather than 
asserted as a principle. Other authors such 
as McMillan (2003) explicitly state that 
their underlying theory of well-being is 
hedonism-based or grounded in the 
subjective experience of the animal. The 
criteria they use are proxies for this 
underlying well-being rather than criteria 
for welfare. This approach seems much 
more appropriate given our theory of well-
being is grounded in hedonism and desire 
theories of well-being.

For these systems, thought needs to be put 
into ensuring the proxies used are reliable 
and valid indicators of well-being or welfare 
and that they are weighted based on their 
strength. Some explicitly place weight on 
each of these criteria but the vast majority 
provide no weights and therefore de facto 
weigh all factors equally. Many of these 
systems also fail to provide rubrics or other 
systems for evaluating how well an 
individual is doing on any given criteria. 
The rationale given behind this is that 
providing scoring rubrics or numerical 
scores results in undue confidence in the 
assessment. Therefore, at best, grading 

systems should be used. However, in doing 
so this leaves the overall impression of 
welfare fully up to the reviewer’s judgment, 
rather than grounding it more in the best 
guess of each aspect's importance based on 
existing evidence. 

There are multiple systems that attempt to 
weigh different welfare problems and 
i n d i c a t o r s i n c l u d i n g C h a r i t y 
Entrepreneurship’s Welfare Index (Is it 
better to be a wild rat or a factory farmed 
cow? A systematic method for comparing 
animal welfare, no date), WALYs (Teng et 
al., 2018), ANI, the Welfare Quality Project 
and SOWEL-type models. The Welfare 
Index is itself an evolution of other methods 
like the five domains with an additional 
attempt to weigh different criteria. The main 
weakness with this system are the concerns 
about the validity of the relative weight 
placed on each criteria, the use of purely 
negative indicators like mortality as positive 
indicators, and the reliance on the 
reviewer’s judgment for the score given to 
each criteria. Additionally, the criteria used 
fall somewhat into the objective list like 
environmental challenge, while others are 
purely used as indicators of welfare such as 
the index of biological markers of 
happiness. 

Some of these concerns can be mitigated by 
reweighting the criteria (potentially for each 
species) and adjusting the range for 
different indicators. Unfortunately, the 
reliance on the reviewer’s judgement for the 
score for each criteria cannot currently be 
avoided. If we had significantly more data, 
we could model a range of indicators in the 
same group of animals and use factor 
analysis to establish how much each 
indicator loads onto what we would assume 
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is well-being. We could use this to help 
assign the weight we give to each indicator 
in the index. With additional data, we could 
also assess the inter-rater reliability of what 
is ostensibly a visual analog scale for the 
performance on each indicator. 

Like the Welfare Index, Welfare-Adjusted 
Life Years (WALYs) and Bracke’s Expert 
Survey both rely on individuals’ judgment 
of visual analog or likert scales. However, 
in this case judgments are provided by 
Veterinary and animal welfare specialists 
rather than generalist researchers. Still, there 
has been no research into the inter-rater 
reliability of these assessments other than to 
note that in Teng et al. (2018) the use of 
time trade offs (TTO) or a visual analogy 
scale resulted in similar welfare weights. 
The additional problems with this method 
are that similar methods used in humans 
don’t perfectly track the subjective reports 
of those with the condition (A Happiness 
Manifesto: Why and How Effective 
Altruism Should Rethink its Approach to 
Maximising Human Welfare - EA Forum, 
no date). This problem will likely be 
exacerbated for other animals, particularly 
those less closely related to us as their 
subjective experiences and preferences can 
be dramatically different than our own. 
Given these problems, these two systems 
are better viewed as a qualitative 
representation of expert opinion.

The Animal Needs Index is one of the 
weake r mode l s examined fo r t he 
measurement of welfare. Once established 
and validated, it is a quick easy proxy for 
farmers or inspectors but its reliance on 
environmental measures means it can’t be 
used to easily compare new aspects and 
potential improvements to an animal's 

environment, such as advancements in 
environmental enrichment. 

The Welfare Quality projects shares similar 
features with the Animal Needs Index in 
t h a t m a n y o f i t s m e a s u r e s a r e 
environmental. The main source for the 
overall welfare score comes from the 
measure scores used to evaluate different 
criteria. These scores are calculated a 
variety of ways, including decision trees, 
weighted sums based on the severity and 
frequency of different conditions, and alarm 
thresholds. As Browning (2019b)   has 
commented , the reasoning beh ind 
‘aggregation weightings are also quite 
opaque, and seem to be based on expert 
opinion rather than measured effect on the 
animals’ . If the reasoning behind these 
weightings were more transparent, and 
could be more easily updated based on 
future research, this would be a stronger 
system. As with the ANI, this makes it 
harder to work with when investigating new 
advancements in animal care. One potential 
strength of this system is the use of a 
Choquet integral which seems to better 
capture the intuition that a failure in one 
aspect of an animal's environment or health 
can't be compensated by good performance 
on other criteria. 

SOWEL-type models are a marked 
improvement on many other systems in that 
they are transparent in their weightings of 
different criteria and method of scoring. For 
this reason, I expect that inter-rater 
reliability would be high as the system is 
doing more of the work in providing a 
score. Browning (2019a) describes one 
weakness of this system in that the attribute 
level scores are arbitrary. The model 
implicitly assumes that the difference 
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between attribute levels for the welfare 
score are equal, but for many attributes this 
is likely not the case. Another concern 
raised by Browning with this system is the 
range of information used for weighting the 
importance of different attributes. This 
includes anything from hard data on the 
effect of reliable indicators to expert 
opinion. This can result in a wide range of 
confidence in the weights assigned to 
different attributes. However, this can also 
be viewed as a strength of the system in that 
we are able to update our views and thus the 
score of different housing systems based on 
a wide variety of possible evidence. As long 
as the system remains transparent about 
relative confidence in different attributes, 
this isn't a great concern.
 
An additional weakness of SOWEL-type 
models is with their weighting systems. 
Although, as Browning has highlighted the 
welfare score is a potential source of 
arbitrary scoring, the weightings are as well. 
The use of maximum and minimum values 
in the weighting of different attributes levels 
leaves no room for new research using an 
existing type of weighting category to 
update the system. For example, if there are 
two operant test studies showing chickens' 
willingness to pay for cage free over caged 
systems, one with a high value and the other 
a low one. If a new study replicating this 
demonstrated a low willingness to pay 
marginally above the lowest study but not 
significantly, this wouldn't update the 
system towards a lower welfare estimate. 
MyFishCheck suffers from the weaknesses 
of other SOWEL-type semantic models in 
that parameter scores are arbitrarily set as 
equidistant within the range. For this reason, 
it is not an improvement on SOWEL-type 
models. The main benefit is that it is more 

operationable, even if this comes at the 
expense of accuracy. 

In conclusion, all of the welfare indicators 
and overall assessments of welfare reviewed 
in this report have numerous flaws. 
Establishing a valid objective assessment 
for the welfare of individuals is a very 
difficult task and no single system provides 
the “silver bullet” for measuring welfare. 
The welfare assessments of every system 
need to be held in the context of each 
system's flaws and methods of calculation, 
and interpreted with this in mind.  Instead, a 
better method for assessing welfare would 
be a composite of multiple qualitative and 
quantitative methods which each provide a 
different perspective on welfare. If multiple 
systems and methods of assessments 
converge on which welfare improvements 
we should prioritise, we can have greater 
confidence than relying on any given 
measure. The ideal combination of 
measures would be some combination of a 
qualitative measure, expert opinion based 
measures, an index or semantic model of 
animal-based measures and standalone 
measures, such as preference testing or 
qualitative behavioural assessment. This 
could be the combined use of the Five 
Domains, a semantic model of expert 
opinion, a SOWEL-type model and any 
standalone measures, such as preference 
tes t ing or qua l i ta t ive behavioura l 
assessment. In practice, the cost of using 
such an extensive list will make it 
impractical for many decision-makers, but 
this could be the basis for large-scale asks. 
A more limited combination would be the 
use of the Five Domains, Charity 
Entrepreneurship Welfare Index, any 
standalone measures and interviews with 
experts.  
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