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1. Introduction

This paper is aimed at answering the question: how can we measure
the subjectively experienced side of welfare? There are two ways of
approaching this question. The first is to look at the methods we might
use to achieve this goal. There are large numbers of different indica-
tors — physiological, behavioural, and cognitive — used by animal
welfare scientists and we might want to examine how well these
perform in measuring subjective welfare. However, this is not the
approach I will be taking here. Instead, I will approach this question
on a more conceptual level, to ask whether subjective welfare is
measurable, in terms of possessing the right properties to be meaning-
fully represented on the types of measurement scale required for
different purposes.

Subjective welfare refers to the integrated set of positively and
negatively valenced feelings, or affects, that an animal experiences —
feelings such as hunger, pain, and joy. Welfare is increased when an
animal experiences positive affects, and decreased through the experi-
ence of negative affects. This is sometimes taken to be one among
multiple components of welfare, the others most commonly seen
within animal welfare science being biological functioning, natural
living, and satisfaction of preferences (Dawkins, 2021; Mellor and
Stafford, 2008; Veit and Browning, 2021a). There are benefits and
drawbacks to each of these conceptions and it isn’t necessary for this
paper to take a stance on which one is the correct, or best, overall
(though for discussion see Browning, 2020a,b). Some authors take a
combined approach, highlighting the links between these (e.g. Broom,
1986; 1998; Broom and Johnson, 2019; Fraser, 2008; Fraser et al.,
1997). Here, they emphasize that subjective experiencing is important
but also deeply entangled with natural biological functioning, in terms
of the causes of feelings, their evolutionary function, their behavioural
and physiological effects, and the indicators we use to measure them.

However, the specific target of this paper is subjective welfare,
which can be discussed as conceptually distinct from other aspects of
welfare even if in practice it is strongly connected with natural
physical functioning. As well as being common in the animal welfare
science literature (Duncan, 2002; Grandin and Johnson, 2009; Mellor
and Beausoleil, 2015), the subjective conception of welfare is
common throughout animal ethics, grounding Singer’s possession of
interests (Singer, 1995), forming part of Tom Regan’s ‘subject of a
life’ criterion for rights (Regan, 1983), and even forming part of the
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necessary capacities for flourishing in approaches focused on natural
living (Nussbaum, 2011). For the sake of simplicity, in this paper I
will use the term ‘welfare’ to refer to subjective welfare, while
acknowledging that in practice the distinction may not be as clear-cut.
Whether or not one endorses a fully subjective conception of welfare,
measurement of subjective states will be important for any conception
that takes subjective experience to form at least some part of welfare.
Almost all agree that subjective experience is a necessary component
of welfare, and this makes its measurement an important part of
animal welfare science (Veit and Browning, 2021b).

Subjective welfare is of particular interest because its measurement
is indirect and less obviously justified than for physical functions.
There is a long history of disagreement about the measurability of
psychological properties and sensations, frequently centred around
whether or not subjective states are accessible to science at all, i.e.
whether they are detectable (Browning and Veit, 2020). Particularly in
animal welfare science, subjective experience has been questioned as
an appropriate target for measurement (Dawkins, 2017; 2021). Here, I
will leave aside scepticism and take for granted that subjectively
experienced mental states have some effects on behaviour and
physiology that make them accessible to measurement. However,
formal measurability goes beyond just our ability to detect subjective
states but instead reflects our ability to represent them on different
numerical scales.

Measurement is ‘the assignment of numerals to objects or events
according to rule — any rule’ (Stevens, 1959, p. 19). It involves
mapping the well-understood mathematical relationships between
numbers onto the attributes of some state or object (in this case, sub-
jective welfare) so that we can then use the mathematical rules to
better understand the properties of whatever it is we are measuring.
Numerals are assigned through the relation of isomorphism — simi-
larities in empirical relations between objects and numerical relations
between numerals. So long as we have reason to believe that the
empirical properties of what we are measuring are mirrored by the
mathematical properties of the assigned numerals, then we can gain
understanding of the system of interest. An entity is thus measurable if
it possesses the necessary features for mapping onto a numerical scale.

The measurability of welfare is important because judgments about
welfare are used in many scientific, ethical, and management contexts
(e.g. Browning, 2018a,b). There are various decision contexts that
take welfare as part of their calculations, such as social, legal, and
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moral deliberations, institutional and governmental policy, and even
individual actions. In particular, utilitarian calculations looking to
identify the actions that maximize value will require accurate
measurements of welfare to provide appropriate information for
guiding action. Whatever our decision procedure, if it uses facts about
welfare, it will be important to have measurable inputs to ensure
empirically-informed deliberation.

We have several reasons to be optimistic that welfare will be a
measurable entity, i.e. one that can be meaningfully represented on
one (or more) of the available measurement scales. We speak of the
‘quantity’ of welfare possessed by some individual, without any
seeming oddness (Pettigrew, 2019) and we are able to make
generalizations connecting particular goods to changes in welfare
(Alexandrova, 2017). Indeed, given our practices and uses of the term,
it would seem strange if it turned out that welfare was not measurable.
The more interesting question, then, is what kind of measurement
welfare lends itself to. Is welfare measurable in the right kind of way
for the required applications? If we use measurement scales
unreflectively, we risk using the wrong scales, and drawing unjustified
conclusions from our measures; a point emphasized in recent work by
Narens and Skryms (2020). For example, using numerical scores for
ordinal scales creates a risk of unintentional attribution of the
numerical properties to the objects they are representing, and
mistakenly performing unjustified operations, such as averaging
results. Thus, it is crucial to establish that a particular target is actually
measurable using the desired scales. If the wrong measurement scales
are used for welfare, this can lead to outcomes that don’t actually have
the intended effects.

Different measurement scales represent different ways of assigning
numbers to a measured attribute. There are four primary scales of
measurement — nominal, ordinal, interval, and ratio (Stevens, 1951).
These are defined by the empirical operations used to create them, and
the mathematical transformations its constituents can be subjected to
without altering the character of the scale (the properties of the
relationships between the items measured). As these scales increase in
complexity, they can provide us with ever more sophisticated
mathematical analyses, but are also more demanding regarding the
necessary properties of the measured attribute. It is important to
choose the right scale to match the features of the attribute or object
being measured, such that the types of transformations that can be
performed on the mathematical elements of the scale mirror those that
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can be performed on the measured attribute. Our choice of scale will
affect which calculations can be meaningfully performed using
measures of our target.

The three measurement scales of interest for animal welfare are
ordinal, interval, and ratio. Ordinal scales are rankings of objects in
order, regarding some property on which an attribute is ranked as
higher than, lower than, or equal to another within a list. These are
then assigned corresponding values, reflecting the ordering between
the members. Interval scales are a type of cardinal measurement that
provides further information beyond just the relative ordering or
rankings of a set, but also the size of the gaps between the items — the
difference between adjacent items or how much more some item is
above another. The choice of units and zero point, however, are
arbitrary. Finally, ratio scales have a fixed non-arbitrary zero point
and can thus also provide information about the ratios between the
items on the scale (e.g. ‘x is twice as much as y’).

Establishing that subjective welfare is measurable thus requires
demonstrating that it possesses the necessary properties for measure-
ment on at least one of these scale types. This process contains two
parts: identifying the scale required for the goals of the measurement
programme, and examining the features and characteristics of the
target to see whether they line up with the required scale (Cartwright
and Bradburn, 2011). We have particular knowledge or assumptions
about the properties of our target and we need to check whether these
align with the features of the scale. In this paper I will be performing
both of these tasks for the different types of measurement scale as they
relate to subjective welfare — identifying the goals of different types
of measurement, and showing that we have sufficient reason to treat
subjective welfare as possessing the required properties to justify use
of scales of that type.

This is a distinct project from a discussion of the properties and
applications of the specific methods or indicators that are used to
measure welfare. We must first establish that the target variable itself
has the right properties for representation on a particular type of
measurement scale before we can look at the procedures for per-
forming measurement acts in practice. Importantly, we must not
conflate the properties of a measurement method with the properties
of the measurement target. There can be multiple methods of measure-
ment for a single target and the scale that applies to the method of
measurement used, particularly if it is an indirect indicator, may not
be similarly applicable to the target. For example, just because
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measurement of blood cortisol levels can be done according to a ratio
scale, this does not automatically mean that welfare itself is a ratio-
scaled quantity.2 The properties of the indicators cannot be read onto
the target. It is important that the scales constructed using the
observed data really reflect the underlying attribute and are not simply
artefacts of the measurement procedure. Describing welfare as
measurable via an ordinal or ratio scale is a claim about the properties
of subjective experience itself, not about the outputs of the methods
used to measure it. There is then the additional question about which
methods or indicators are best for creating specific types of outputs, as
will be briefly discussed in the conclusion.

In this paper, I will be looking at the types of scale we might use for
animal welfare and how we can justify their use, given the properties
of subjective experience. Importantly, I will be aiming to establish
justification for the use of different scale #ypes rather than some
particular scale or another, akin to justifying the use of an interval
scale measure for temperature without going on to construct Celsius or
Fahrenheit scales. This paper thus represents a first step in a more
rigorous analysis of the measurement of subjective animal welfare, in
showing that we would be justified in constructing or using such a
scale, without yet providing specific proposals on how this should be
done.

Though there has been a lot of work on measurement of human
welfare and utility, particularly within economics and psychology, this
has not yet extended to the measurability of animal welfare. While
there has been much fruitful overlap between the work in economics
and animal welfare, this particular area remains unexplored. While the
practice of animal welfare science involves the measurement of
animal welfare via a range of methods and proxy indicators, there are
currently few if any explicit scales of measurement applied to sub-
jective welfare. Instead, measures are taken and typically used to
make rough ordinal judgments about a small set of situations, such as
‘situation A is better for the welfare of this animal than situation B’.
To make progress in justifying these judgments, and to go on to per-
form more sophisticated quantitative assessments, we need to estab-
lish a justified scale of measurement for welfare. In this paper I will
bring together different strands of discussion from the literature on

There is an additional issue regarding whether blood cortisol is really a measure of
welfare at all (Dawkins, 1998), but even if it was, this problem still applies.



156 H. BROWNING

human well-being to apply them to animal welfare, assessing whether
the same types of strengths, weaknesses, and limitations apply. In
particular, I will show that many of the complexities and objections
that commonly arise in the discussions of human subjective well-
being do not apply in the animal case, and thus the justification for use
of the more demanding scale types is simpler.

As I have described, there are several different measurement scales,
each with different properties and that allow for different types of
transformation and statistical analysis. There isn’t, however,
necessarily a single unique representation for each target system.
Which scale we use is, in large part, a response to our goals. In what
follows, I will examine the adequacy of each of the three types of
scale — ordinal, interval, and ratio — for animal welfare; describing
for which applications in animal welfare science and ethics they are
useful and outlining the relevant features of subjective welfare that
allow its measurement using these scales. I will argue that we are
justified in representing welfare on each type of scale, up to and
including a ratio scale, but that which type of scale we use will be
determined by the context-dependent requirements of each case.

2. Ordinal Scales

An ordinal measurement system is one in which ordering relations
hold; each object can be positioned on the scale as greater than, less
than, or equal to each other item. The assigned numerical values
reflect these ordering relationships, e.g. those with higher levels of the
attribute are assigned higher numbers, but the values themselves
otherwise mean little — the differences between the values don’t
represent anything about the differences between the attributes.
Ordinal measurement of welfare is perhaps the most basic view. It has
been particularly popular within economics, largely because of the use
of preferences as a measure, which inherently lend themselves to
orderings. However, ordinal measurement does not have to imply a
preference-based conception of welfare and can be equally well used
to rank subjective states.

2.1. Applications of ordinal measurement

There are a number of applications for ordinal measurement within
animal welfare. They are appropriate for one of the most common
applications in animal welfare science — the comparison of different
resources or housing systems to determine which are better for
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welfare, such as different types of flooring for laying hens (Hughes
and Black, 1973) or stalls vs. group housing for sows (Karlen et al.,
2007). With an ordinal scale we can rank different interventions
according to their impact on welfare, identifying those that give the
greatest welfare increase.

Another common use of welfare measurement is in welfare assess-
ments. These typically occur within practical animal management
contexts, to find out about the quality of the situation particular
animals are in. Ordinal scales can be used for individual animal
welfare assessments, where we compare an animal’s welfare at
different points in time. The same is true for larger-scale institutional
assessments of farms or other types of animal management, to assess
the housing and husbandry practices in terms of their impact on the
welfare of the animals housed within. In most cases, an ordinal scale
will be sufficient, as a farm can be ranked in relation to others, or
according to a fixed comparison point or set of graded categories.

Sometimes we may also want to compare multiple animals to see
which have higher or lower welfare. This can be done with an ordinal
scale, though with limited applications. If we could determine which
animal had the lower welfare, we could then make them a priority for
interventions (if we were using a decision rule such as maximin,
which prioritizes improving things for the worst off). However, other
decision rules, such as typical utilitarian calculations, would require
further information on how much better or worse off the animals are.

2.2. Ordinal properties for subjective welfare

After identifying the welfare measurement applications for ordinal
scale measurement, we next need to determine that subjective welfare
has the relevant ordinal properties to allow this type of measurement.
The most important property to establish is the ordering property —
whether different instances of welfare can be judged as greater than,
less than, or equal to one another. Additional properties will depend
on the strength of ordering we wish to use, but include completeness,
reflexivity, transitivity, and anti-symmetry. Here I will show that sub-
jective welfare possesses the necessary properties for representation
on an ordinal scale.

First, subjective welfare possesses the ordering property. The
quality of subjective experience can be better or worse along the wel-
fare scale, and particular instances can be ranked against one another.
We can assess, at the very least, whether some welfare situation is
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better or worse than some other. We shouldn’t have much trouble
deciding, for example, that a bear rolling around in a pool with its
companions is in a better state than a malnourished lion pacing on
concrete. This illustrates that, at least in principle, subjective experi-
ence can be ordinally ranked, though there may be some less obvious
cases.

The next important property is completeness (necessary unless we
want an incomplete or partial ordering). Completeness means that all
attributes are assigned a value and can be placed somewhere on the
scale — for any pair of objects either they are equal, or one is greater
than the other. Whether or not we take subjective experience to
possess this property depends on whether we think there are cases for
which there is genuinely no fact of the matter regarding their relative
ordering. Consider, for example, a more closely-matched case than the
one described above, comparing the welfare of a lion hunting prey
against a bear catching fish. It may not be immediately obvious how
to rank these states against one another. Whether or not this is a
challenge to completeness will depend on whether we take the diffi-
culty to be a result of incommensurability, vagueness, or measurement
imprecision.

A deep incommensurability between individuals (as will be
discussed further in Section 3.4) is implausible for the level com-
parisons that ordinal scales require — there are obvious cases in
which the welfare of one animal is higher than another, even if there
are some cases in which it is unclear, and thus this cannot explain the
difficulties with closely-matched cases. It could be a real property of
the values themselves, a vagueness that cannot be resolved by
measurement, a possibility that led Griffin to posit ‘rough equality’
(similarly described by Chang, 1997, as items being ‘on a par’) where
‘the roughness is not in our understanding but ineradicably in the
values themselves’ (Griffin, 1986, p. 81). He takes rough equality as
inherent to measurements of well-being, but as he also holds a
preference-based view, this does not have to speak to the measura-
bility of subjective welfare.

It is instead also explicable as a practical difficulty rather than a
failure of ordering — a result of measurement imprecision rather than
a case of strict incommensurability. We can say that there is some fact
of the matter about whether A > B, we just lack sufficiently precise
measurements to tell. Although it may be difficult at times to judge
the exact ranking of some states of welfare, it does not necessarily
follow from this that such states are unrankable. In particular, people
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tend to consider such cases unrankable when relying on intuitive
estimates. These may indeed be quite imprecise, but this is no reason
to think that once empirical data is collected there won’t be some fact
of the matter regarding which welfare state is actually higher. I may
not be able to judge the difference in volume between my similarly-
sized cup of water and mug of tea, but don’t take this to mean that
there is no empirical fact regarding their ordering. Where our
measurement instruments cannot give us precise enough values to
determine the ordering, we can treat the items as roughly equal, in the
knowledge that future measurement may allow us to be more precise
and alter the ordering.

This conclusion is challenged in the case of human subjective well-
being. In particular, there are worries about completeness when it
requires the integration of multiple affects into a single subjective
experience, and the weightings of different components into a single
measure. This is not such a problem for the animal case as neither of
the sources of concern about commensurability strongly apply there.
The first is as a methodological artefact of the typical measures of
human subjective well-being — most commonly summary assess-
ments arising from self-report on life satisfaction surveys. There is
scepticism regarding whether these surveys are able to accurately
represent overall well-being, when individuals may have difficulty in
deciding on how to compare different experiences, or weight the
different aspects of their experience (Benjamin et al., 2020;
Ferrer-i-Carbonell and Frijters, 2004; Haybron, 2011). Though it is
questionable to what degree this tells us anything about the features of
subjective well-being: people’s failure to intuitively rank different sets
of conditions speaks more to a failure of our ability to accurately
introspect on our own actual or potential experiences than a deep
problem with the ordinal nature of the items. And as these subjective
reports are not used for animals, instead replaced by external
behavioural or physiological measures (some of which will be
discussed in Section 5), the particular methodological worries will not
apply.

However, one may still be concerned that there is deeper
incommensurability between different affects, that can’t be meaning-
fully integrated into a single welfare experience. While this is a com-
plex topic that requires more attention than this paper allows, I have
argued elsewhere that the shared evolutionary function of different
affects is what justifies their integration into a single welfare experi-
ence, and that we have measures that can track this overall state
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(Browning, 2020a). It is thus not important whether an individual is
able to judge for themselves how different affects integrate or trade
off, but that the ‘output’ of such an operation within the animal is able
to be measured to determine how it has been performed.

The additional properties required for an ordinal scale are reflexivity
and transitivity. Reflexivity means that all objects stand in equality
relations to themselves — in this case, meaning that they sit in the
same location in the ordering (have the same assigned value), which is
not a problem for subjective welfare. Transitivity means that, for
example, if A > B and B > C, then A > C. Transitivity for subjective
welfare may fail in the cases of vague ordering described above, as if
we take two items (A & B) as roughly equal only because of
imprecise measurement, it could easily be the case that some third
item (C) may fall within the bounds of error for A but not for B and
thus not be roughly equivalent to both. However, as discussed, it is
only if we take this to be a result of measurement imprecision rather
than ontological vagueness that transitivity will then fail. In cases
where we have sufficiently precise measurements to determine the
differences between closely matched items and these properties will
be met, this will give us a weak ordering. A strong ordering requires
the additional property of anti-symmetry, meaning that no two items
can occupy the same place in the ordering, but for welfare there seems
no reason to presume that two cases could not be of the same welfare
level.

Ordinal scales are thus consistent with welfare measurement and
will meet our goals in many cases. However, these scales are limited
in that when comparing interventions or welfare levels they cannot
provide any further information regarding how much impact or the
size of the difference in welfare. When operating in circumstances of
limited resources (which reflects most real-world decision contexts),
we cannot always simply aim for the best option, but must instead
consider trade-offs. In situations where we need to make trade-offs or
comparisons, we will need to measure magnitude of welfare effects
and for this we will need a quantitative scale, such as an interval or
ratio scale.

3. Interval Scales

Interval scales go beyond ordinal, providing additional information
regarding the magnitude of the differences between items. The exact
units selected are arbitrary, as is the zero point. Examples of interval
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scales are the temperature scales of Celsius and Fahrenheit. Here we
can see the arbitrary selection of scale — although both recognize the
same relative difference between points on the scale (for example, two
units between 20° and 22°), they differ in the size of these units
relative to the measured quantity and in the arbitrary position of the
zero point. Importantly, use of an interval scale gives the possible rate
of substitution between two values — we can now talk meaningfully
about trade-offs between items with equivalent units.

3.1. Applications of interval measurement

I have described how ordinal scales are useful for judgments about
which conditions or systems are better or worse, or whether an
animal’s welfare is improving. However, I also indicated that these
judgments will be limited as they cannot tell us how much better or
worse. When we need to prioritize between animals or compare the
relative benefits of different interventions, we require further cardinal
information. For example, we might have limited resources and can
either increase the size of an otter exhibit to give them more space to
play, or add a pond to a tiger exhibit to allow them to swim. If our aim
is maximizing the welfare outcome, then this sort of decision requires
quantitative comparisons to determine which option has the greater
welfare benefit; comparing the magnitudes of different effects. When
assessing the relative benefit of some intervention over another, an
interval or ratio scale will be necessary.

An interval scale will also be necessary for most utilitarian applica-
tions, that use the sum of individual utilities to calculate the total value
of an action. Transformation of utilities using affine transformations
(permissible for interval scales) preserves the relationships between
the totals, producing the same ordering of results — no matter which
interval scale we used, we would still prefer the same outcomes.?
Animal welfare applications in ethics and policy commonly involve
the use of utilitarian calculations, contexts for which we need at least
an interval scale. For example, we might want to look at the global
welfare impact of climate change, or conduct a cost—benefit analysis
regarding where to invest a charitable donation for the greatest welfare
benefit. If subjective welfare failed to demonstrate the properties

Though this only works for calculations involving the same number of individuals, as I
will detail in Section 4.
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required for interval scale measurement, these calculations would no
longer be justified. However, as I will show in the next section, sub-
jective welfare does possess the necessary properties and its measure-
ment can thus be used in utilitarian calculations.

3.2. Interval properties for subjective welfare

Application of an interval scale is more difficult than an ordinal scale
— we’re no longer just trying to rank states as better or worse than
others, but trying to determine by how much they are so. This requires
quantification of the underlying states, transforming subjective experi-
ence into measurable units such that we could say something like:
‘Giving this animal diet X increases its welfare by three units, while
diet Y only increases welfare by 1 unit.” Justifying use of an interval
scale means having reason to think that subjective welfare possesses
this interval property — that it is an entity composed of equally-
spaced units that can add or subtract in determining the whole (note
that this doesn’t commit us to taking the units as discrete rather than
continuous — temperature is a continuous variable, while still
measured with units).

It is tempting to rely on intuitive plausibility about the features of
the target. Thinking about welfare, it feels like the sort of thing that
moves up or down along a linear scale. We can seemingly make sense
of statements like ‘I am twice as happy today as I was yesterday’, or
‘It takes two pizzas to make me as happy as one ice cream’. Though
this lends credence to the measurability of welfare on a cardinal scale,
these intuitions can be faulty. As an example, this method of assuming
the measurable properties of sensation has arguably led to problems in
psychophysics, as the subsequent data have not supported these
intuitions (Laming, 1997).

However, our intuitive understanding of the target can help ground
our expectations of its properties. There is a sense in which we should
be able to grasp the interval scale measurement of welfare. For
example, it is possible to say we are better off in our current situation
(A) than if we were in this state with a painful ant bite (B), but that
this would still be better than if we were to be thrown into sulfuric
acid (C), and further that the difference between A and B is less than
between B and C (Ng, 1997). Klockseim (2010) makes a similar
argument regarding comparing the reduction of pain in curing one
toothache to that of curing three. Such a judgment cannot be made
using an ordinal scale alone; thus if we think it is meaningful, we
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accept that a cardinal (interval or ratio) scale measure can be used for
welfare, in at least some cases.

To confirm this, we need to look at the actual properties of the
measurement target, and the types of transformations it can undergo.
One line of evidence in favour of cardinal measurement of welfare is
our ability to make trade-offs. We can choose to suffer some amount
of negative experience in order to gain something positive, or to
forego some positive experience for more of something else. That we
can conceive of rates of substitution, or trade-offs, in welfare gives
reason to think there are meaningful intervals between items on the
scale. This intuition may be resisted in the human case, if one takes
our ability to make such trade-offs as imperfect, such that there is
sometimes no fact of the matter regarding our rates of substitution
between different experiences. However, it seems that this problem
typically arises in the human case because human subjective well-
being is complicated by the range of abstract concepts and objects that
humans are able to value and form preferences for, even outside of
their direct effects on (hedonic) subjective welfare — for example,
achievement, or freedom. Indeed, some researchers explicitly describe
subjective well-being as inclusive of cognitive states such as life satis-
faction, as well as affective states (Haybron, 2011).

This variety increases the sense of incommensurability — it is very
difficult to determine, for example, how much satisfaction of achieve-
ment one is willing to sacrifice in order to gain the gustatory pleasure
of eating chocolate ice cream. While the relationship between such
preferences, values, and subjective well-being is complex (e.g.
whether they are partially constitutive or merely instrumental), it is
clear that human judgments of their own well-being are influenced by
these factors. There is currently no evidence that the same is true for
any non-human animals, where the value of such states seemingly
resides solely in their felt effects, and thus no reason we should treat
them as such. Where it is the case for any particular animal that they
can conceive of and value more abstract states, these animals may also
fall into this more complex category.

Additionally, we should be cautious about inferring from our
inability to introspect regarding our own rates of substitution to a
strong claim about the existence of such rates. As with the discussion
in Section 2.2 about the methodological sources of scepticism, it is not
at all clear that humans are actually accurate judges of their own
experiences, or of predicting the impact of change on their overall
well-being. There could be some fact of the matter regarding the
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weightings of different factors as contributors to one’s subjective
well-being, even when that individual is unable to introspect or report
on how they would perform the task.

Indeed, many animals have been demonstrated to make trade-offs
regarding their own welfare — for example hermit crabs (Appel and
Elwood, 2009), rats (Cabanac and Johnson, 1983), and iguanas
(Balasko and Cabanac, 1998). This aligns with most accounts of the
evolution of valenced subjective experience that take it to function as
a common currency when making decisions between competing
motivations requiring trade-offs (Cabanac, 1992; Ginsburg and
Jablonka, 2019; Gygax, 2017; Spruijt, van den Bos and Pijlman,
2001). By using external, or objective, behavioural and physiological
measures of welfare, we are able to measure these trade-offs without
requiring subjective judgments to track them.

We can then perform tests to establish empirically whether the
properties of additivity and associativity hold for welfare measures.
For example, we could measure how much welfare an animal gains
when receiving each of two resources and whether receiving both
together gives the same number of units as the sum of each indi-
vidually (additivity); also whether this is subject to an ordering effect
(associativity). Similarly, assessing the trade-off behaviour of an
animal both in a normal condition and when experiencing a negative
affect such as pain could show an additive effect of the pain experi-
ence on the trade-off calculations. This has been observed in humans
(Lang, 1995) and calves (Adcock and Tucker, 2021); further work
aimed directly at investigating these effects for the purpose of estab-
lishing additivity could strengthen this case.

3.3. Setting the unit

I have demonstrated that there is sufficient reason to believe that
subjective welfare possesses the necessary properties to justify its
representation on an interval scale. This leads to another important
question regarding how we establish the unit of measurement. Though
the units are arbitrarily chosen, we still need to fix a stable reference
unit and go on to determine how many of these are present in particu-
lar cases. It thus doesn’t matter particularly what unit we choose, so
long as it can be applied uniformly. I will describe two methods: the
first looking for a principled single unit measure, the other setting two
fixed points that are stable across cases and using the divisions
between these to create the units. As I will show, given the current
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methods of measurement available in animal welfare science, the
second is likely to be the more feasible possibility for setting a
measurement unit for welfare.

The first method is setting a fixed unit for measurement that can
then be compared across cases. For example, the metre was originally
fixed by reference to the length of a specific platinum bar (and now
fixed by the speed of light). The problem for applying this method to
animal welfare is in finding an appropriate fixed unit for reference.
One possibility is the Just Noticeable Difference (JND), a measure
used in psychophysics for quantifying measurement of sensation, such
as loudness, brightness, temperature, pressure, or even pleasure. The
JND is the minimum increment between two sensations that are
distinguishable by a subject, typically determined through self-report.
One unit of welfare would then be one JND of pleasure (or pain).

However, there are a number of reasons why this unit is unlikely to
be useful for animal welfare science, at least without substantial
further development. First, psychophysical methods have only been
developed for perceptual states and not yet validated even for
measurement of human welfare; though some writers have proposed
their use for measurement of happiness through just perceivable
increments of pleasure/pain (Ng, 1996). Second, the method of self-
reporting — criticized in the human literature for lack of clarity
regarding the method by which subjects are judging sensation, and the
accuracy of the judgments made (Laming, 1997) — will run into even
more problems for animals, when ‘reports’ could only be taken
behaviourally and not validated through investigation of the details of
individuals’ reported experiences. Finally, we have no reason to think
that JNDs represent equally sized units along the spectrum of intensity
(i.e. that a JND at the lower end is the same ‘amount’ of sensation as a
JND at the higher end) — this has been assumed rather than
demonstrated, and some results in psychophysics seem to suggest
otherwise (Laming, 1997; Narens and Skyrms, 2020).

Thus, unless we are able to develop and validate JNDs for the
valenced experiences of animals (which, for the reasons mentioned,
does not seem promising), we need to turn to another method. The
second method — which I take to be most promising in this context
— is to set two fixed points and use the divisions between these for
constructing units. Remembering that units on an interval (or ratio)
scale are arbitrary, it does not matter specifically what these fixed
points are, so long as they are stably identifiable to set units for com-
parison and measurement across cases. In particular, if we have a
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fixed zero, minimum, and/or maximum, we can use these to set the
units as divisions between them (e.g. setting minimum as one and
maximum as 100). For example, the units of the Celsius scale for
temperature were derived by divisions between the set points of the
freezing point of water (0°C) and its boiling point (100°C).

This method relies on an assumption of scale linearity. If the
indicator or measure used is not one with a linear relationship to
changes in welfare, the divisions in the measure will not represent
equal intervals with regard to welfare and we risk making inaccurate
calculations and unjustified inferences (Wodak, 2019). Although there
are other methods for constructing e.g. logarithmic interval scales,
these will then have different applications and require different types
of calculations. This can be addressed in part by checking different
measures against one another to establish the relative shapes of the
response curves. For practical purposes within animal welfare science,
we could approximate such a carving through the proxy measurements
we use, such as physiological and behavioural variables. Many of
these can be quantified and compared — blood concentrations of
hormones, frequency of behaviours, changes in heart rate or body
temperature. If we can assume that these proxies stand in the appro-
priate quantitative relationship to the central target of subjective
experience, then we can give at least a rough cardinality to measure-
ments of welfare.

An alternative method, developed by von Neumann and
Morgenstern, and still commonly used in economics, is construction
of an interval scale of utility using preferences over lotteries. While
this method is targeted at utility understood directly in terms of
preference satisfaction, a version more appropriate for subjective
welfare has recently been proposed by Narens and Skyrms (2020) to
measure utility through preferences over hedonic episodes. They use
the duration of episodes as analogous to the probability of outcomes
— e.g. an episode with 1/3 of the duration at intensity A and 2/3 at
intensity B would play the same functional role as a gamble with 1/3
probability of A and 2/3 probability of B. An individual can then rank
their preferences over sets of outcomes with different intensities and
durations, and these orderings can be used to set the unit for a scale of
hedonic utility in the same way as the von Neumann-Morgenstern
lotteries could be used for a scale of preference-based utility (with the
additional benefit of providing a natural zero point, as will be
discussed in the next section).
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However, the problem with these methods is their reliance on
preference behaviour as a marker of utility, as the underlying assump-
tions linking preferences and hedonic utility don’t necessarily hold. In
large part this is due to the distinction between ‘wanting’ and ‘liking’
— these arise from separate brain systems that, although closely
linked, can operate independently (Berridge, 1996) and thus
preferences and welfare will not always track one another. It’s possi-
ble to want things that one won’t enjoy, and to enjoy things one does
not hold a preference for. When thinking about subjective welfare, we
should be careful in ascribing too much weight to measures based on
choice or preference as these will only imperfectly represent hedonic
experience. There is also currently no work testing whether animals
hold preferences over lotteries or hedonic episodes, or how we could
identify them. While there is a lot of work on measuring animals’
preferences and willingness to pay (via ‘work’ or similar) (Kirkden
and Pajor, 2006), it is far less clear how we could test these more
complex attitudes. There is already scepticism as to whether humans
satisfy the rationality axioms required for von Neumann-Morgenstern-
type preference orderings, such as completeness and transitivity of
preferences (Angner, 2013), and this seems even less likely in
animals. Alongside the conceptual divide between preference and
subjective experience, this gives reason to believe that these methods
won’t reliably give the right results for measuring subjective welfare.
Instead we should prefer the method described above, of using inter-
vals between fixed points, for setting units of welfare.

3.4. The problem of interpersonal comparisons

The final problem in determining the units for measurement of welfare
is that they may not be the same across individuals (particularly across
species). That is, no matter how we set our units, the same level of
response given by different individuals on a particular measurement
indicator (whether choice behaviour or something else) may not
represent the same underlying intensity of experience; in essence each
individual could have a different represented unit. This is the problem
of interpersonal comparisons, which has occupied much of the litera-
ture on measurement of human welfare. If each individual has a
different unit, then we cannot make comparisons or trade-offs using
multiple individuals, which includes most utilitarian calculations. This
has led some to reject the use of utilitarian sums at all (e.g. Narens and
Skyrms, 2020, who favour the ‘product utilitarianism”), and for a long
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time led many in economics to reject interval scale measurement in
favour of ordinal (and utilitarian calculation in favour of Pareto-
optimal decisions) (Fleurbaey and Hammond, 2004).

This is only a problem if we don’t have a way of ‘converting’ the
units between individuals. For instance, returning to the earlier
example of a tiger and an otter, if we know that the welfare units of an
otter are double that of a tiger, we are then able to perform the
necessary conversions to combine or compare them, in the same way
as we would be able to compare a temperature in Celsius to one in
Fahrenheit, so long as we know the formula. What matters then is
determining if or how we can perform such calculations — whether
we can acquire enough information on the actual relationship between
individual utilities.

Some solutions proposed for the human case are: use of imaginative
empathy, extended preferences, or stipulation of similarity in psychol-
ogy or behaviour (Binmore, 2009; Harsanyi, 1955), or setting these
values via convention (as suggested by Narens and Skyrms, 2020).
These solutions are unlikely to be useful in the case of interspecies
comparisons. They primarily rely on postulating strong psychological
or behavioural similarities between individuals, or on our ability to
introspectively understand the mental states of others, which seem
difficult enough even for other humans. However, this doesn’t mean
the problem is insoluble. I won’t argue for a particular solution here,
but note that there are possible options, including use of proxies (e.g.
neurophysiological complexity), reliance on deeper similarities
between individuals (e.g. anatomical structure or evolutionary history
of the valence system), or even setting values via convention relying
on our (educated) intuitive estimates regarding comparative welfare (a
version of extended sympathy) or moral weighting of different
individuals.

A lot will depend on whether we take the comparison problem to be
metaphysical or epistemic. That is, if there is some natural fact of the
matter about the relative utilities of different individuals, but where
we may in practice find it difficult to determine exactly what these
are. If the problem is an epistemic one, then there is — at least in
principle — some solution to the comparison problem, even if it’s
challenging to discover. If the problem is a metaphysical one, there
will be no such answer and we need to develop alternative ways of
comparing or aggregating utilities (e.g. Narens and Skyrms, 2020). If
we can make sense of at least the most coarse-grained comparisons
between species (as I argued in Section 2), then we should take it to be
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the case that there is some fact of the matter regarding relative welfare
and thus that the problem is more likely to be epistemic rather than
metaphysical. In these cases we may take intuitions to the contrary to
simply be a remnant of dualist thinking about the mind, where a
materialist should accept that interpersonal comparisons are possible,
at least in principle (Ng, 1997).

There is still a lot of work to do here to establish this as fact, and to
determine the appropriate conversion ratios (or to set them via con-
vention or by using our best proxies). This is a complex set of issues
that cannot be addressed in this paper (see discussion in Browning,
2020a), but it doesn’t provide an insurmountable case against unit
measurement of this kind. Depending on how strong one takes the
interpersonal comparison problem to be, and how convinced of the
case for or against, will then lead to the selection of different measure-
ment scales and ethical/decision procedures to account for this.

4. Ratio Scales

Although interval scales can give us good quantitative information,
their limiting feature is that they don’t have a true ‘zero’ point and so
we cannot say anything about the ratios of different values. A ratio
scale, by contrast, is set around a non-arbitrary origin (zero) point and
thus allows these transformations. On a ratio scale, the ratios between
the assigned values (doubles, triples, etc.) will then stand in for corres-
ponding ratios between quantities of the attribute being measured,
which allows comparisons such as ‘twice as much as’. However,
though the origin is fixed, the units of measurement are still arbitrary
and can be varied.

4.1. Applications of ratio measurement

Ratio scales allow us to perform the same calculations regarding
aggregative welfare and trade-offs as described above for an interval
scale. However, they also allow for additional calculations — those
requiring multiplicative or ratio judgments. This includes judgments
like ‘this animal has welfare twice as good as last week’ or ‘this
animal’s welfare is 80% of its maximum’, but also for the more
formal assessments described below.

When we compare interventions across different numbers of indi-
viduals, we cannot use an interval scale, as our arbitrary choices of
zero and unit will change the outcomes of our deliberations. Here,
interval-scale transformations will fail to preserve the ordering
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between states, while ratio scales will not. This application is a
common one within utilitarian animal welfare ethics, where we make
decisions about how best to distribute our resources, say choosing
between improving conditions for caged chickens or farmed salmon.
Within these calculations, it isn’t just the average welfare level of
individuals in these conditions that matters, but the total number of
animals affected, and in these cases we will need a ratio scale
measure.

Finally, we require ratio scales to make quality of life assessments,
determining whether an animal has a ‘life worth living’. This is very
common for aged animals with failing health, when their carers want
to decide at which point euthanasia is the most humane option; or for
determining the permissibility of bringing an animal into existence
where it may have a life of net-negative welfare. Here, we compare
welfare to some fixed zero point below which it is negative and above
which it is positive. Unlike an interval scale this zero point is not
arbitrary, as the decision to move it will affect our decisions regarding
which lives are and are not worth living. In utilitarian calculus, this
dividing line between positive and negative utility, or ‘pleasure’ and
‘pain’, is often very important. Any judgments about welfare level
relative to a non-arbitrary zero, even if these are only level rather than
unit judgments, will require a ratio scale as this is the only scale type
that contains such a zero.

4.2. Ratio properties for subjective welfare

I described in the previous section that welfare can be measured
cardinally, and how we might fix the unit. For a ratio scale, we also
need to establish that these units hold the necessary multiplicative
properties — for instance, whether doubling a resource leads to a
measured doubling in welfare. Even if these calculations are not
always relevant to the applications described (e.g. quality of life judg-
ments), the properties must be established to use a ratio scale at all.
The possibility of ratio-scaled measurement of hedonic experience is a
position that is common within some work in human psychology, such
as the use of ‘objective happiness’ scales that integrate momentary
well-being reports over time (Kahneman, 2000). In this section I will
show how subjective welfare meets the most important criterion for
ratio-scale measurement — the possession of a zero point.

The additional important difference between an interval and a ratio
scale is that a ratio scale has a fixed, non-arbitrary zero point.
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Establishing that welfare can be measured on a ratio scale requires
establishing that there is a natural zero point, fixed across all cases,
regardless of the choice of unit. It is intuitive to think that there is such
a zero point: the neutral point between positive and negative welfare,
the point at which experience is evaluatively neither positive nor
negative. Welfare, particularly with utilitarian frameworks, is typically
conceived of as a continuum from negative to positive with a neutral
zero point that separates the two types of experiences. At least in
principle, then, we can make sense of a natural zero point for welfare.
One may worry that this is not a stable reference point, if it relies on
humans’ intuitive judgments. After all, the phenomenon of response
shift, or scale norming (Fabian, 2019; McClimans, 2011), has shown
that individuals can change their understanding of the meaning of the
reference points for judgments about well-being. However, it is not
obvious that we would observe the same shift for the zero point.
Unlike other points on the scale, it is not relative; instead more stably
conceived of as the tipping point between net-positive and net-
negative experience. Importantly, this may not represent the point at
which one has an equal amount of positive and negative experiences,
but rather the point at which their impact on overall welfare is
balanced out. However, even if this is accepted as a conceptual set
point, the problem still remains of how to fix it in practice. Here I will
assess a few potential ways of doing so.

One proposal is that the natural zero point is the ‘null episode’: the
value of an episode of zero duration (Narens and Skyrms, 2020). This
can then be used to identify the zero point for intensity, as the
intensity such that an episode of some positive duration of it is equal
in value to that of the null episode. This is identified through finding
episodes for which we have no preference of its occurrence over
experiencing nothing at all; though this then has the problems associa-
ted with taking preferences as a guide to welfare experience, as
already discussed. Another proposal is to set the zero as the value of
non-existence, such that all lives worth living are positive, and lives
not worth living are negative (Adler, 2012); which could be seen as a
similar framework but for evaluating entire lives rather than single
episodes. A life that one would be indifferent toward living as
compared to not existing would thus be a neutral or ‘zero-scored’ life,
though this proposal also runs into the difficulties in using
preferences.

An objection to taking a central zero point is whether positive and
negative welfare actually form a common continuum. Critics point out
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that they may be separate dimensions — it is possible to simulta-
neously feel pleasure and pain, so these may be different systems that
can simultaneously be active (Narens and Skyrms, 2020), though
others point out the similarities in the neurochemical basis of each
(Berridge and Kringelbach, 2013; Spruijt, van den Bos and Pijlman,
2001). The potential heterogeneity of positive and negative affect is
too complex a topic to cover here (see discussion in Browning,
2020a), however there are good reasons to think that they can be
integrated into a single welfare experience, such as the fact that indi-
viduals are able to use both their positive and negative affect in
calculating trade-offs for decision-making regarding their actions. One
can be willing to undergo some amount of a negative experience in
order to have a positive experience. If positive and negative experi-
ence can be used as a ‘common currency’ where negative experiences
can be traded off against positive, this gives us reason to believe there
is a continuum.

One other potential solution is to take positive and negative welfare
as two different ratio scales (Narens and Skyrms, 2020). However,
this leads to the obvious problems in preventing comparisons between
or integrations of positive and negative experiences. We will be
unable to use both sets of experiences to create a total welfare score
for an animal, either at a time or over a lifetime. We also couldn’t
compare changes over time (or between individuals) if these changes
shift an animal from positive to negative welfare. These comparisons
can still proceed through ordinal measurement, or through an interval
scale (e.g. an animal going from —2 to +1 has increased its welfare by
3 units) which don’t require separate scales, but these cannot provide a
principled distinction between positive and negative.

To overcome these problems, the second option would be to instead
set the zero point as an absolute zero and have all states of welfare as
positive increases from there. This could, for example, represent an
ethical zero, as a minimum standard of ‘unbearable pain’ we would
allow any animal to exist at.4 This would then assess all interventions
on how much they raise welfare above this baseline — all improve-
ments from the worst state will be positive. However, this would only
be a useful score for applications that aim at assessing the change
created by interventions. Other applications that aim at simply
measuring welfare will fail, as an animal could conceivably be

Richard Bradley (personal communication).
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measured below this zero line, which would not be permissible. We
can also again run into the comparison problem, if we want to take
this as being the same across all species.

It could instead represent an empirical zero, the lowest possible
welfare score an animal could receive. However, it still fails as a
characterization of the total welfare of an animal. Here, all animals
with welfare above the minimum would be represented as having
positive welfare, regardless of whether their experience is overall
positive or negative. There is no way of differentiating between these
states and thus it would not permit the quality of life judgments
described above. It also does not allow us to assess which experiences
will add to total welfare and which will detract from it — when all are
assigned a positive score, they will all increase the total regardless.
There is no distinction between pleasures and pains; it fails to capture
our intuitive grasp of the ethical and empirical significance of the
dividing line between these states. There is also a concern about the
cross-applicability of this zero across individuals or species. While a
neutral point or null episode of welfare is intuitively the same across
individuals, the worst possible experience may depend on specific
features of capacity for suffering or pleasure.

While there is an intuitively plausible zero point for welfare — a
non-arbitrary distinction between positive and negative experiences —
it is still not entirely clear the best way of setting this zero. For this
reason, in many instances it may be best to use an interval scale. How-
ever, given that it is counter-intuitive to arbitrarily set the zero point
wherever one wishes (thus changing what counts as positive and
negative welfare), an interval scale also seems insufficient. Wherever
the principled dividing line between positive and negative experience
is important, we should thus prefer a ratio scale.

5. Conclusion

For an attribute to be measurable, it must be the case that we can
assign numbers according to a rule, such that the properties of and
relations between the numbers mirror the empirical properties of the
attribute. There are several common measurement scales that can be
applied — ordinal, interval, and ratio. Importantly, the scale chosen
must match the properties of the measured attribute and play the
appropriate role for the use of the measurements. In this paper I have
given reasons for believing that subjective welfare possesses
properties such that we are justified in representing it on all types of



174 H. BROWNING

scale up to and including ratio scales. These reasons include intuitive
plausibility of cases and some indirect empirical evidence, which
justify treating subjective welfare in this way, even where we do not
yet have more definitive evidence for a stronger metaphysical claim
regarding the properties of subjective experience. Which scale we
require will depend on the application, and which we use will also
depend on the properties of the specific measurement method used.
Cartwright and Bradburn (2011) describe three stages in the process
of measurement. They are: characterization of the measurement
target, defining the appropriate system of representation, and fixing
the measurement procedures. In this paper, I began by characterizing
the measurement target — subjective welfare. Throughout, my focus
was on laying the groundwork for the second stage — determining the
appropriate system(s) of representation for welfare, in terms of estab-
lishing which of the available types of measurement scale are suitable
for use with subjective welfare. The next part of this step would then
be to develop an explicit measurement scale (or scales) of the type(s)
discussed above. Ideally, then formalizing this using a representation
theorem to demonstrate that the choice is correct, using axiomatic
assumptions about the underlying empirical structure of the phenom-
enon of subjective welfare, which can then be checked empirically.
The third stage would then be establishing the procedures for
applying the representation system to produce the measurement results
— the empirical investigation of specific cases and assigning of a
value to the item relative to the scale. This requires identifying
methods of measurement that can give results that accurately reflect
the state of the target (i.e. producing high scores when welfare is high,
decreasing scores as welfare is reducing, etc.) as well as producing
values that match the representation system required (i.e. ordinal,
interval, ratio). While this paper has focused on the justification for
the use of these scales for welfare measurement in theory, to justify
their potential use in practice there is the additional question of which
of the range of available measurement methods would be the best fit
for the different applications, and which could map onto the different
scale types. There is a large range of methods currently used for the
measurement of animal welfare, the description and assessment of
which is beyond the scope of this paper. However, it is important to
keep in mind when selecting a measurement indicator that the
properties of the indicator must also match the properties of the scale
we are mapping welfare onto for the context or application. For
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instance, as we have seen, treating ordinal measures as cardinal can
lead to inaccurate results and predictions.

The subjective welfare concept is common in animal ethics and
animal welfare science, and it is important that this is measurable.
Here I have shown that we can justifiably perform welfare measure-
ment on either ordinal, interval, or ratio scales. At minimum, we can
rank welfare states on an ordinal scale, which will allow us to make
many of the required judgments about the comparative value of inter-
ventions. When making decisions regarding trade-offs, we will need
to use a quantitative (interval or ratio) scale to compare relative
magnitudes. The natural zero point for welfare experience (neutral
welfare) means it can be measured on a ratio scale for these applica-
tions. We can then use this zero as one of the two set points for
determining the welfare units through divisions within the measured
range.

Which type of scale we choose will depend on which applications
we require, as well as how pressing we take problems such as inter-
personal comparison to be. However, in each specific instance, the
type of scale in use should be specified and the relationship made
explicit between the properties of the measured indicators and the
measurement scale for welfare. In the end, all the scale types have
various benefits and drawbacks, and their use will depend on whether
we are able to accept the problems for the applications we need. This
isn’t surprising, given the general move in the philosophy of science
towards a pluralist perspective regarding models and concepts (Veit,
2020; Veit and Browning, 2021a). Although I have shown that all the
described scales are, at least in principle, justified in their application
to welfare, we should always aim for the simplest one necessary for
our purposes and be aware of the context — there is no ‘one size fits
all’ solution.
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