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Abstract

Assessing the welfare of non-human sentient animals is a multifaceted scientific endeavour. A human
psychology approach that holds promise for application to animals is affect balance, based on the idea
that how one feels most of the time is determined by the balance between the separate dimensions of
positive and negative affect. Affect balance has been shown to have profound relationships with mental
and physical health and well-being in humans. The aim of this conceptual article is to evaluate whether
the affect balance methodology might offer a useful integrative measure of the affective/hedonic
component of animal welfare and to outline key considerations for its potential application. Due to the
variation in human affect balance methods, any attempt to translate them to other species requires first
extracting their main underlying principles. We extracted four underlying principles, the first three
relating to estimating the frequencies of positive and negative affect over time, and the fourth relating to
the integration of positive and negative affect into an affect balance score or category. We then discuss
how the theory behind the affect balance methodology can be translated to other species, and the
theoretical and practical considerations in the development and validation of potential assessment
methods. Altogether, we think that this approach holds great potential for animal welfare science and we
encourage empirical studies into this topic.

Keywords: animal welfare; methodology; affective states; cumulative affect; positive affect; negative

affect

1. Introduction
Assessing the welfare of non-human sentient animals (hereafter animals) is a multifaceted scientific
endeavour, which compels scientists to try and open a window into the affective lives of animals. Affect
is defined as any experience that is felt as valenced, i.e. pleasant or unpleasant, hence not hedonically
neutral (Mendl et al., 2010). It is presently unclear which animal species experience the conscious
component of affect. Nevertheless, there is a growing body of scientific evidence pointing to such
experiences being present in vertebrates and possibly some invertebrates (Andrews et al., 2024; Irwin,
2024; Low et al., 2012; Perry and Baciadonna, 2017). Today, many animal welfare scientists agree that
high levels of welfare necessitate both a mitigation of negative affect (NA) and the promotion of positive
affect (PA) (Mellor, 2016; Rault et al., 2025; Reimert et al., 2023). Building on this, animal welfare has

been defined as the accumulation and balance of PA and NA over time (Browning, 2020; Duncan, 2002;



FAWC, 2009; Green and Mellor, 2011; Mason and Mendl|, 1993; Reimert et al., 2023), while positive
animal welfare has been defined as flourishing through the experience of predominantly positive mental
states (Rault et al., 2025). Although animal welfare concerns may go beyond the sole affective
component and encompass processes such as the development of competence and resilience (Rault et
al., 2025), as well as inter-connected and affect-driving constructs such as health (Dipjan and Dawkins,
2022) and naturalness (Fraser, 2023, p. 20; Gygax and Hillmann, 2018), the present article focuses only
on this affective component of welfare. While welfare has been defined in terms of a balance of PA and

NA, assessment methods specifically targeted at identifying this balance are currently lacking.

To identify novel, promising methodologies to assess welfare, animal welfare science may draw
inspiration from psychology, a field that benefits from the ability of many human subjects to verbally
report how they feel. An approach from positive psychology that holds promise for application to animals
is affect balance (AB), proposed as reflecting the affective or hedonic component of well-being
(Kolanowski et al., 2014; Matud et al., 2023; Sanjuan, 2011; Zhu, 2015). Hedonic well-being in humans
can be defined as how one feels overall most of the time (Veenhoven, 2000), which is in line with the
affective animal welfare definition given above. AB is based on the idea that how a person feels most of
the time is determined by the two separate dimensions of PA and NA, including how PA and NA coexist,
interact, and modulate one another. AB hence reflects the accumulation of positively and negatively
valenced experiences of emotions and moods that contributes to a person’s overall level of affective
well-being, also referred to as the “affective texture of a person’s life” (p.2, Fredrickson and Losada,
2005).

In psychology, PA and NA are observed as non-mutually exclusive experiences, representing distinct yet
moderately correlated dimensions (Diener et al., 2010; Russell, 2003; Yoon et al., 2022; Zhang et al.,
2024). Functionally, PA and NA interact dynamically: PA is proposed to broaden cognitive and
behavioural repertoires (e.g. Gable and Harmon-Jones, 2011; Rader and Hughes, 2005), to help build
personal resources such as competence, resilience and strong social relationships, and may buffer
against, and even undo, the lingering effects of NA (Fredrickson, 2001), while NA may also be
instrumental in the building of competence and resilience (Fredrickson and Losada, 2005). It is thought
that the accumulation of NA over time will lead to a negative mood, which in turn will increase the
propensity to experience further NA (Denollet and De Vries, 2006; Mendl et al., 2009), and vice versa
for PA, pointing to positive feedback loops within each dimension of affect. Hedonic well-being hence
emerges from the dynamic integration of separable affective dimensions rather than from a single

continuum.

The greater the surplus of PA over NA, the higher the overall well-being (Moriwaki, 1974; Yoon et al.,
2022): although some NA will be present in all lives, and may even have some benefits in the long-term,
well-being is maximised when that negative component is dominated by a stronger, more frequent, or
more enduring positive component (Van Cappellen et al., 2018). Such a ‘positive’ AB may mitigate the
negative physiological effects of stress (as proposed in the debated ‘undoing hypothesis’) and stimulate
future success-oriented behaviours, including health-promoting behaviours (Sirois, 2015; Sirois and
Hirsch, 2015). Some authors argue that simply considering PA is enough to assess well-being (McManus
et al., 2019; Tsun-Wai Chu et al., 2019) while others state that NA is also important to consider for a
complete picture of well-being (Yoon et al., 2022). Others yet, such as Dogan et al. (2013) describe AB
as a competence, i.e., “the skill for balancing affects arising due to negative and positive experiences”

(p. 33). The latter definition is not considered further in this article.



AB is hence conceptualised as a state of the individual, which can be assessed using various AB scales
and methods. The AB methodology has led to many different methods, techniques and indicators, most
of which show correlations to other mental health and well-being indices, e.g. satisfaction with life (the
cognitive/evaluative component of subjective well-being) and depression (Kim and Mueller, 2001; Liu et
al., 2013) (see section 3.1). To date, the AB methodology has received limited attention in the animal
welfare literature and, to our knowledge, no empirical study has yet been conducted to develop and
validate this methodology in animals. The aim of this conceptual article is to evaluate whether the AB
methodology might offer a useful, integrative measure of animal affective welfare and to outline key
considerations for its potential application in animals. We first dive into the human AB literature to
review the different methods used to assess AB and to extract underlying key principles that reflect the
essence of the AB methodology in humans. Second, we reflect upon the translation of the AB
methodology to animals, structuring this discussion along our extracted principles. We include in this

reflection existing methodologies applied in animals that adhere to or deviate from these key principles.

2. Approach to the narrative review
This article is based on a narrative review approach conducted by all authors, with the aim of identifying
a broad enough sample of articles to: 1) exemplify correlates of AB in humans (section 3.1) and 2)
scrutinise common methods used to measure AB in humans (section 3.2). In practice, we started the
process by each author sourcing five relevant papers on AB in humans using academic databases and
search engines (primarily Web of Science and Scopus), with the sole criterion that the study should
involve assessing AB. Search terms included combinations of “affect balance”, “positive affect”, and
“negative affect”. No restrictions were placed on publication date. Through forward and backward
snowballing, additional relevant papers were added to a database (Supplementary Material 1),
particularly those focusing on alternative methods to measure AB that had not been identified in the
initial searches. Throughout this process, the authors met online on several occasions to review the
literature identified and discuss potential gaps in the representation of AB assessment methodologies.
Where gaps were identified, additional targeted searches and citation tracking were conducted to ensure
that a broad range of methodological approaches was represented in the final database. From each
paper, we extracted details of the AB method used and the direction of significant relationships identified
between AB and tested correlates. These data can be found in Supplementary Material 1. We elected to
include both correlates that can directly be translated to animals (e.g. subjective well-being, stress) as
well as those with no or few immediate animal counterpart (e.g., alcohol consumption), as the latter
may still have parallels in the animal world (e.g. alcohol consumption can be considered similar to
stereotypical behaviour in that both can function as stress-related coping behaviours that may become
habitual and maladaptive over time). Once this database of AB papers was compiled, we described the
variety in methods (see section 3.2) and brainstormed possible key underlying principles of these
methods, which we describe in Table 1. Our criteria for these key principles were that they should be
common to all AB methods and demonstrate which steps were taken to capture hedonic well-being, as
defined as the accumulation and balance between PA and NA, since this is what we, as animal

researchers, aim to capture in our species.



3. Affect balance in humans

Affect balance is proposed as an inherent part of hedonic well-being in humans, showing correlations to
other well-being constructs, as well as with external and internal factors known to be linked to well-
being. Moreover, commonalities between the various methods to assess AB in humans can shed light
onto the underlying key principles linked to the assessment of AB, which are valuable when attempting

to translate this assessment methodology to other sentient species.

3.1 Correlates of affect balance

Below we highlight identified correlates of AB without addressing the direction of causality because these
results are based on correlational, observational studies or meta-analyses. The full table of literature and

extracted correlates is provided in Supplementary Materials 1.

Mental and physical health and well-being. AB research has focused predominantly on mental
health and well-being, consistently demonstrating positive associations between AB and other well-being
indicators, such as the cognitive component of well-being (also referred to as ‘life satisfaction’) (Kong et
al., 2015; Shrira et al., 2016; Tsurumi et al., 2018; Zhu, 2015), overall subjective well-being (Meeks et
al., 2012; Radloff, 1977), flourishing (Fredrickson and Losada, 2005; Yildirim, 2019) and having a
purpose in life (Sanjuan, 2011; Shrira et al., 2016). In line with this, depression and anxiety are
consistently identified as negative correlates of AB, with lower AB being associated with more depressive
symptoms (Kim and Mueller, 2001; Lehrer et al., 2017; Moron, 2020; Toussaint et al., 2014) and higher
anxiety (Hassett et al., 2016; Toussaint et al., 2014). Some studies found that higher AB was linked to
reduced stress (Leavy et al., 2023; Lehrer et al., 2017), though others found no correlation (Pierce et
al., 2018; Ruthig et al., 2014). Although the link between mental health and AB is rather unambiguous,
which would make sense since AB is often conceptualised as the hedonic component of wellbeing in
humans, a clear link between AB and physical health is a little less clear-cut. AB has been found to be
positively correlated to daily physical health (Kim and Mueller, 2001; Sibille et al., 2012; Yoon et al.,
2022), physical functioning (Quinn et al., 2021), and some forms of pain tolerance (Sibille et al., 2012),
and negatively correlated to reported pain severity (Hassett et al., 2016; Toussaint et al., 2014).
Moreover, high AB in older adults seems associated with improved memory performance, balance, and
strength (Quinn et al., 2021). To complement this, a British cohort study found that smoking was
associated with lower AB, and daily consumption of fruits and vegetables (yes instead of no) and
exercise (=1.5h/wk) were associated with higher AB (Nabi et al., 2008). Nevertheless, Leavy et al.
(2023) reported no significant association between AB and cardiovascular health, whereas Nabi et al.
(2008) found that only individuals with the highest AB scores had a numerically lower risk of coronary
heart disease (but this was not statistically significant). Finally, blood cholesterol, diabetes, alcohol

consumption, and hypertension were not found to be significantly related to AB (Nabi et al., 2008).

External factors. In the strive towards happier societies, external, or environmental, factors are often
studied for their possible links to well-being constructs such as AB. Although some links have been
identified, many non-significant effects were also found, illustrating the complexity of the (dynamic)
interaction between external and internal (e.g. personality) factors on human wellbeing. Past studies for
instance, showed that although family routine and maternal depression were not correlated with child
AB, household chaos was negatively correlated with AB in children (Lo et al., 2021). The working
environment matters to adult AB: high job strain decreases AB (Nabi et al., 2008) and job

characteristics like task variety, autonomy, and significance seem to indirectly relate to increased AB via



their impact on the affective state of flow (Daniels, 2000; Fullagar and Kelloway, 2009). Access to green
spaces within 100-1000 meters range has been linked to higher AB, especially in urban environments
(Tsurumi et al., 2018). Cultural factors sometimes also correlate with AB, for example individualistic
cultures seem to have higher levels of AB compared with collectivistic cultures (Basabe et al., 2002). In
the domain of social relationships, social support was sometimes positively correlated to AB (Daniels,
2000; Matud et al., 2023; Zhu, 2015), and positive social relationships were consistently positively
correlated to AB (Ryff, 1989; Sanjuan, 2011; Shrira et al., 2016).

Intrinsic factors. In contrast to external factors, the link between AB and internal, intrinsic
constituents is somewhat less ambiguous, with relatively consistent findings in the realms of personality.
Relationships between AB and three of the big 5 personality traits, namely positive correlation with
agreeableness and conscientiousness and negative correlation with neuroticism, have been reported
(Shrira et al., 2016; Sirois and Hirsch, 2015). In addition, higher emotional intelligence (Kong et al.,
2015; Liu et al., 2013; Moron, 2020; Veilleux et al., 2020), resilience (Lehrer et al., 2017; Liu et al.,
2013; Yildirim, 2019), self-esteem (Matud et al., 2023; Shrira et al., 2016), optimism (Diener et al.,
2010; Rego et al., 2012; Shrira et al., 2016), and forgiveness (Zhu, 2015) also seem positively
correlated with AB, while links to coping strategy are more ambiguous (Sibille et al., 2012). Conversely,
the link between AB and age is unclear, with some studies supporting higher AB at certain ages (e.g. 55-
64 years: Nabi et al., 2008) and others reporting no relationship (Moron, 2020; Prasetio et al., 2023;
Rego et al., 2012), which may be linked to the different life factors that are being corrected for in these
studies (Kratz and Bruderl, 2025). Finally, a British cohort study found that men (versus women)
reported higher AB (Nabi et al., 2008).

Overall, these correlates across a range of domains give us confidence that AB is a relevant state to

translate to other species in the context of animal welfare understanding and assessment.

3.2 Affect balance methods used in humans and their key principles

A table of methods extracted from the studies identified for the present article is available as
Supplementary Material 1. In humans, AB is typically assessed by scoring PA and NA separately and
then integrating these scores, yet the methods used to measure PA and NA and to combine them vary
between studies. Variation occurs across several parameters: the technique used to score affect
(questionnaire, sampling, proxy or behavioural observation), which has to do with whether affect is
scored in real time or based on recall and whether participants are capable of self-report; the discrete
types (e.g. sadness, contentment, guilt) and number of affects scored; the scales used for scoring each
of these affects; the time period under consideration (e.g. one day, one month, one year); and how the

PA and NA scores are integrated (e.g. subtraction or ratio).

Techniques for scoring PA and NA. Affect is most often scored via self-reports, typically via
questionnaires, which estimate the frequency (or proportion of time) spent experiencing specific,
discrete positive and negative states. It is often assessed retrospectively, asking participants to recall
affective experiences over a past period, commonly by answering questions along the lines of: *how
often have you experienced state X in the past week’. Retrospective assessment of affect is susceptible
to memory and current-mood biases (Csikszentmihalyi and Larson, 2014; Robinson and Clore, 2002;
Veilleux et al., 2020). For example, people asked how often they felt disappointed in the past two weeks
may not remember each instance of minor disappointment, especially when in a good mood while being

asked. These biases can be minimised by real-time reporting techniques using (signal contingent)



experience sampling (ESM) (also referred to as ecological momentary assessment), which prompt
participants via mobile devices to report their current affect, typically daily or several times per day (e.g.
seven times per day: Fullagar and Kelloway, 2009). However, this advantage of real-time reporting is
counterbalanced by the time-consuming and intrusive nature of ESM, requiring more effort and time
from participants. Participants may refuse to report their state at inconvenient moments, though
typically only a limited number of refusals per day is permitted. Consequently, the experimental design
will need to balance the number of data points per day and the total study duration with participant
willingness, possibilities of missing data points or fallouts, as well as the need for (monetary)
compensation. Although self-reports are most common, some studies use proxy reports by individuals
who know the focus person well. This is typically the case where children, elderly people, or patients
with dementia are involved, or when interactions between people are of interest (e.g. newlyweds:
Gottman, 1998). For instance, in a study by Lawton et al. (1996), trained research assistants were
asked to estimate the proportion of time they observed the same six affects over the preceding 4 weeks
in Alzheimer patients. An alternative method to assess AB in individuals less capable of self-reports is
the use of behavioural observations. For instance, Lo et al. (2021) classified successive time intervals as

PA or NA based on facial expressions, vocal tone, and verbal content to assess AB in 5-year-old children.

Number and types of affect and scales. The specific types of affect included for PA and NA vary,
likely reflecting the different contexts in which the methods are applied. For example, studies on
depression often focus on affect types relevant to depressive symptoms (e.g. Garamoni et al., 1991),
such as sadness or despair, studies on dementia select affect types that reflect typical symptoms of the
disease, such as confusion or anger (e.g. Lawton et al., 1996), while studies on subjective well-being
include PA types such as contented, joyful and happy (e.g. Yildirim, 2019). Studies on AB of employees,
in turn, use different affect types relevant in a workplace context, such as comfortable, at ease, tense

and worried (Rego et al., 2012).

Methods to assess AB have been subject to critique regarding the definition, interpretation and choice of
affect types (e.g. Diener et al., 2010). In many cases, affect types are not explicitly defined, leaving
participants to interpret terms, which may increase individual variation. Questions included in self-
reports have, moreover, sometimes been criticised for their wording (Kim and Mueller, 2001). For
instance, the question “During the past few weeks, did you ever feel on top of the world?” in the Affect
Balance Scale (ABS; Bradburn, 1969) may be interpreted as extreme or indicative of a mental disorder,
e.g. feeling euphoric, rather than as a reflection of PA by some of the participants (Perkinson et al.,
1994). Interestingly, some of the terms classified as PA could arguably be considered neutral, rather
than positive, for example ‘alert” which appears in the Positive and Negative Affect Schedule (PANAS;
Watson et al., 1988) and some ESM studies (Fullagar and Kelloway, 2009). Another potential problem is
that arousal, an inherent dimension of affect, may not always be evenly represented across NA and PA.
For example, PANAS seems slightly more focused on high arousal affect (Shrira et al., 2016), while other
methods cover both high and low arousal affect (e.g. Fredrickson and Losada., 2005; Rego et al., 2012).

Apart from the specific types used, also the number of affect types used in AB research in humans varies
from 1 (e.g. Basabe et al., 2002; Kolanowski et al., 2014) to 20 or more (e.g. Garamoni et al., 1991)
within each of the two valence categories. The total humber of affect types used may differ based on
context: e.g. whether a specific set of symptomatic affect is in focus (as in depression and anxiety
disorder; e.g. Lawton et al., 1996), or the life satisfaction (cognitive component of subjective well-being)

of a non-clinical population is investigated, which potentially calls for a wider range of items (e.g. Kong



et al., 2015). Most studies employ equal numbers of PA and NA terms, but some also use different
numbers, often with more NA than PA items. This is common when AB is applied to assess poor mental
well-being, such as depression, as in the Centre for Epidemiologic Studies-Depression (CES-D)
questionnaire (4 PA terms versus 7 or 16 NA terms (Radloff, 1977; Shrira et al., 2011). However, an
imbalance between numbers of PA and NA types of affect is also found in some studies of well-being
(7/8: Pierce et al., 2018; 3/6: Tsurumi et al., 2018; 2/4: Moron, 2020). Finally, although a set number
of types may be scored during data collection, some studies remove terms after analysis. For example,
Rego et al. (2012) initially scored 9 PA and 9 NA items, but following a principal component analysis
(PCA), 3 items (depressed, tense, calm) were removed on the basis of cross-loading (high loadings on

multiple principal components), leaving 8 PA items and 7 NA items for the final calculation of AB.

In many methods for assessing AB, each affect type is scored on a scale. Two commonly used scales
are a 5-point Likert scale ranging from ‘never or very rarely’ experienced to ‘always or very often’
experienced (e.g. Diener et al., 2010; Watson et al., 1988), and a binary scale indicating whether the
affect type was experienced within the given period (‘yes’ or ‘no’) (Bradburn, 1969). The sum of the
scores on all PA terms is then computed and compared to the same sum for NA terms. With the Likert
scale, the categories are usually assigned the values 1 to 5, whereas in the binary case, the occurrence

is equated with a value of 1 (versus 0 for no occurrence).

Time period under consideration. AB studies also differ in the timescales used, i.e., the period over
which AB is computed. Certain studies investigated short timescales, asking participants to rate how
they feel in the current moment on a number of affect types (e.g. Meeks et al., 2012; Sirois and Hirsch,
2015), or scoring video observations of behaviour over periods of 30 seconds (Lo et al., 2021) or 20
minutes (Kolanowski et al., 2014). At the other extreme, some studies asked participants to rate how
they ‘generally’ or ‘always’ feel (e.g. Liu et al., 2013, note that PA and NA are still estimated separately),
or how they have felt in the past year (e.g. Sanjuan, 2011; Watson et al., 1988). Between these two
extremes, reported timescales vary from one day to 15 weeks (Fullagar and Kelloway, 2009). In some
cases, participants are asked to rate their affect in anticipation of a specific recurrent event in their life
(Fong and Tiedens, 2002). The time period under consideration will differ between contexts and depend

on the specific research aims.

Integration of PA and NA. The way in which PA and NA scores are integrated also varies across AB
studies. In the past, a common method was to subtract the NA score from the PA score, sometimes with
the addition of a constant (PA-NA+c; e.g. Sirois and Hirsch, 2015). In contrast, some studies focusing
on depression subtracted the PA score from the NA score (NA-PA; e.g. Bordas and Fruchart, 2023;
Radloff, 1977). Alternative approaches divide PA by NA (PA/NA; e.g. Rego et al., 2012),or divide PA by
the sum of PA and NA scores (PA/[PA+NA]; e.g. Garamoni et al., 1991). Other studies have moved
away from solely using AB calculations, criticising them as too reductive, since participants with both
high PA and NA scores would receive similar AB scores to those with low PA and NA, while these might in
fact represent different AB profiles (e.g. Kim and Mueller, 2001). Instead, some of these latter studies
created four categories of participants, typically: High PA + low NA (labelled “healthy”); High PA + high
NA (labelled “reactive”); Low PA + low NA (labelled “low"); Low PA + high NA (labelled “depressive”)
(Hassett et al., 2008; Sibille et al., 2012; Toussaint et al., 2014). This categorisation requires cut-off

points derived from the observed sample of participants, e.g. population means (Hassett et al., 2008).

Due to the variation in AB methods used in humans, any attempt to translate these methods to other

species requires first extracting the underlying principles that characterise the methods. These



underlying principles should be covered by a majority of AB studies and together encompass the essence
of the methodology, that is: why such methods are thought to assess the target, i.e. affective/hedonic
well-being of an individual. We extracted four underlying principles, presented in Table 1, and include a
general explanation of the principles as well as key points of interest per principle, when thinking of
translating the AB methodology to non-human species. The first three principles relate to estimating the
frequencies/proportion of time of PA and NA over a period, hence relate more to the assessment of
affect than AB, while the fourth and final principle concerns the integration of PA and NA into an AB

score or category.

Most human studies on AB rely on established psychological instruments rather than explicitly testing
the validity of AB as an independent construct. In these studies, AB is typically derived from validated
measures of PA and NA, most commonly the PANAS (Watson et al. (1988) or Scale of Positive and
Negative Experience (SPANE; Diener et al., 2010), while earlier instruments such as the ABS (Bradburn,
1969) are primarily referenced for their theoretical or historical relevance. Consequently, the validity of
AB is generally assumed on the basis of prior validation of the underlying scales or inferred indirectly
through correlations with related constructs, including life satisfaction, subjective well-being, depression,
and stress. Some studies have investigated the link between these AB questionnaire methods and daily
emotional experience (using ESM), demonstrating a clear correlation between the two (e.g. Veilleux et
al., 2020).

Table 1. Key underlying principles derived from (the majority of) human affect balance
methods identified during the literature search. PA=positive affect; NA = negative affect; ESM

= experience sampling method.

Name given
to the
Principle

Core Idea/Explanation

Key Points for translation to non-human species

Direct access

Focus directly on the

Humans can generally self-report how they feel, giving

in a given period

principle discrete type (e.g. joy) more or less direct access to the specific type of affect,
and valence of affect without having to use indirect indicators from the
rather than indirect realms of behaviour, cognition or physiology.
indicators of affect (e.g.
facial expressions)
Equal Estimate frequencies of PA Commonly, an equal number of types and similar scales
valence and NA separately but (in are used for both PA and NA, which does not imply that
principle general) symmetrically they both impact human hedonic well-being equally but
may imply that the intensities of these two valences can
be assessed using similar scales and are hence
comparable.
Frequency Assessment of PA and NA Participants are typically asked about *how often’ they
dominance focuses on estimating the experienced a specific affect, or affective events are
principle ‘frequency’ of PA and NA counted (ESM), meaning that assessment focuses on

affect ‘frequency’ in a given period of interest.

Duration and (valence) intensity of affect may be
indirectly recorded if these are correlated with
frequency, i.e. a longer or more intense affect may lead
to it being reported as ‘more often’ experienced or
recorded more often using ESM. More intense affects
may also bias memory leading to participants recalling
a particular affect type as experienced more often.




Proportion of | Integration of PA and NA - The integration of PA and NA into an affect balance

occurrences into an affect balance score or category seems to reflect the proportion of
principle estimates the proportion occurrences experiencing PA across a given period.
of occurrences one - Proportion of occurrences of PA versus NA may
experiences PA versus NA integrate frequency, duration and intensity of PA
in a given period versus NA.

- Some studies also consider the separate frequencies of
PA and NA, by creating categories of AB: People with a
similar PA/NA ratio but different (low versus high) PA
and NA frequencies will, in this way, be studied
separately.

4. Reflection on the application of the key underlying
principles of the human affect balance methodology to
other species

We propose the following definition of AB for use by animal scientists (based on the human literature):
“Affect balance is an individual’s presumed/inferred overall affective experience, construed as the
integration of the frequency of positively and negatively valenced states over a period of interest”. This
definition allows the investigation of AB in animals across various time frames, from a few hours to an
entire lifetime. While this does not specify how AB relates to animal welfare, as discussed in the
Introduction, some definitions of animal welfare align closely with this AB definition, particularly those
that define animal welfare in terms of an animal’s affective experience and as the balance and
accumulation of PA and NA over time. The four underlying principles of methods used to assess AB in
humans, as described in Table 1, provide a framework for considering how the AB methodology might be
translated to other sentient species. This section outlines whether and how these four principles can be
applied to animals, whether assessment methods following these principles already exist, and which
theoretical questions need to be considered to develop and eventually validate a method to assess AB

for animals.

4.1 Direct access principle

The direct access principle implies that the specific types of affect that feed into the AB can be directly
assessed, given that human participants are often capable of self-reporting how they feel. In non-human
animals, however, direct self-report of affect is currently not possible with existing methods, and we

must rely on indirect behavioural, cognitive or physiological indicators.

Proxy-report methods based on qualitative assessment of affect have been put forward in animal welfare
science. A widely used example is the Qualitative Behavioural Assessment (QBA), developed to assess
an animal’s current affective state, based on the assumption that trained human observers can interpret
an animal's affective state by intuitively integrating perceived signs and signals (Wemelsfelder et al.,
2001). This approach uses qualitative descriptors of affects, e.g. positively occupied, anxious, calm,
which may be either predetermined or generated by observers through ‘Free Choice Profiling’, to
characterise both PA and NA (Wemelsfelder et al., 2001). Each descriptor is scored on a scale from
‘minimum’ to ‘maximum’, and multivariate methods integrate the different descriptors to produce an

overall QBA score. Although QBA is mostly used to assess momentary affect, some other qualitative
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methods consider longer periods. For instance, King and Landau's (2003) four-item questionnaire
developed for primates asks raters to estimate how often each animal is happy, how satisfying each
animal finds its social experiences, how successful the animal is at achieving its goals, and to imagine
how happy they would be if they were that animal for a week. Qualitative methods have been criticised
for their subjectivity, with risks of observer bias and potential influences and biases resulting from the
visible environment in which animals are kept, on the observer’s perception of affect (Tuyttens et al.,

2014), but in the AB context similar biases may be expected in studies on humans.

Alternatively, PA and NA in animals may be inferred indirectly from behavioural, cognitive or
physiological indicators of short-term, event-based affect (e.g. Boissy et al., 2007; Kremer et al., 2020).
While some indicators may be thought to reflect discrete affect trypes, they are more often mapped on a
two-dimensional scale of valence and arousal (e.g. Mendl et al., 2010). Assessment of affect valence
without specification of affect type seems, however, sufficient for AB, given that in human AB research
different discrete types of PA and NA are simply summed. Yet even this seemingly simpler task of
assessing affect valence alone requires rigorous validation (Neville et al., 2020; Nielsen et al., In press),
and to date we still lack an exhaustive (and potentially utopic) list of validated indicators for PA and NA
that unambiguously reflect affect valence in any species. This is further limited by a discrepancy in the
level of research between species, where for example species with higher levels of brain organization
(e.g. mammals) have been studied more extensively than other species (Kremer et al., 2020). Indirect
indicators of affect valence, moreover, come with several practical limitations. First, some animals,
particularly prey species, may conceal how they feel, making behavioural signals difficult to detect
(Banchi et al., 2020; Carbone, 2020; Orth et al., 2020; Steagall et al., 2021; Turner et al., 2019).
Second, indicators of PA have been less well studied in the past than indicators of NA (Babington et al.,
2024; Lawrence et al., 2019; Turner, 2019; Yeates and Main, 2008). Third, indicators of low arousal
affective states are scarce; because low arousal is often associated with inactivity, distinguishing
between positive and negative valence based on behavioural observations is challenging (Fureix and
Meagher, 2015). Moreover, low and high arousal states may differ in terms of their impact on the long-
term cumulation of affect, with low arousal states potentially reflecting outcomes of behaviour and
having more impact on this cumulation (Scheven and Gygax, 2025). Fourth, some indicators are
invasive or intrusive, and repeated sampling may itself alter the animal’s affective state. Fifth, both
behavioural and physiological indicators may be affected by natural fluctuations such as circadian
rhythms or hormonal cycles, making the timing of sampling critical (Aragona et al., 2024; Bosa et al.,
2025; Marza et al., 2024). These limitations highlight the importance of carefully selecting indicators of
affect. For a method to validly assess AB in animals, indicators should ideally be easy to identify, non-
intrusive, repeatedly or continuously monitored, reflecting short-term affect, while also capturing the full
range of both PA and NA across high- and low-arousal states. In the absence of validated indicators,
mainly for PA and particularly low arousal PA, it has been advocated to collect a smart combination of
credible indicators with emerging validation or integrative indicators (Kremer et al., 2020). Practical

examples of this are provided in Fig.1.

4.2 Equal valence principle

The equal valence principle of AB highlights the need to assess PA and NA in an equivalent manner,
meaning that there is no bias towards recording one affect valence more than the other. In human
studies, this principle is typically met by estimating PA and NA frequencies separately but symmetrically.

This symmetry is achieved by using an equal (or similar) number of affect types for PA and NA, and
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applying comparable scales to both. Proxy-report (qualitative) methods like QBA or alike could, in
principle, list a similar number of PA and NA types. Current welfare assessment tools focus
predominantly on NA. For example, assessment protocols for primates, which assess PA and NA
separately, tend to include more NA types than PA ones (Prescott et al., 2023; Robinson et al., 2016;
Whitham and Wielebnowski, 2009). The same holds for other welfare assessment protocols, such as
Welfare Quality®, AWIN (Animal Welfare Indicators) or AssureWel projects, which also include
substantially more NA-related indicators than PA-related ones. This principle is important in captive
species also, despite these species theoretically experiencing a broader range of NA types, because it is

important that we are able to determine whether and how much NA outweighs PA.

When using behavioural, cognitive or physiological indicators of affect as potential inputs for AB
assessment, we face not only the inherent limitations of these indicators (listed under the ‘direct access
principle’), but also the challenge that validated indicators of PA are still lacking, likely due to these
being harder to detect than NA indicators, but also due to the comparatively smaller number of studies
on PA than NA to date. Another methodological issue concerns the heterogeneity of affective indicators,
ranging from vocalisations and facial expressions to oxytocin and heart rate variability (Babington et al.,
2024; Kremer et al., 2020). These differ substantially in the temporal window of experiences they
represent, i.e., how they relate to affective experiences over time. While some indicators might reflect
the animal’s current and momentary affective state, others may reflect a past state, as is the case with
stereotypies (e.g. Mason and Latham, 2004) or some physiological variables that show delayed
responses (e.g. oxytocin, Rault et al., 2017), or an integration of states over longer periods of time.
Moreover, affective indicators vary in whether they are always present (e.g. facial expressions are
continuously observable, whereas vocalisations are intermittent). This raises methodological challenges
regarding how such heterogeneous indicators can be combined as inputs to AB, as they do not have the
same scales. Here we imagine two approaches will support the integration of different indicators. First,
we might need to force the selected indicators into similar scales, with e.g. 1 reflecting the bottom of the
distribution and 5 reflecting the top end of the distribution, with equidistant steps across the full range.
This would make indicators with different ranges and units more comparable. Even when using a single
category of indicators, e.g. only vocalisations, there is an implicit assumption that indicators within that
category reflect PA and NA to the same degree or rate, an assumption that may not hold (e.g. PA may
lead to fewer vocalisations than NA). Moreover, some indicators may only reflect NA or only PA, without
an equivalent for the opposite valence, which further complicates symmetrical assessment. Second, we
could consider using specific and short time windows for which we decide which of PA or NA is dominant
and combine time windows instead of indicator ratings. This helps when indicators overlap in terms of
which affect they reflect, and to avoid over-counting a specific valence. These two approaches are

illustrated in Fig.1.

4.3 Frequency dominance principle

The frequency dominance principle emphasises that, in human AB methods, generally the frequency of
affective events is estimated without considering other affect characteristics such as duration or valence
intensity. Our assumption is that frequency partially reflects duration, because longer-lasting affect is
more likely to be recorded as more often experienced. The link between frequency and intensity of affect
is less clear. However, as mentioned above, AB questionnaire methods correlate with daily emotional

experience as estimated using ESM. This may also hold for retrospective assessments, where individuals
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reporting how often they experienced a certain affect type in a past period may give more weight to
events that were longer or more intense, possibly via memory biases including the peak-end process,
i.e. people judge an experience based on how they felt during the peak and end of the experience
(Varey and Kahneman, 1992). In animals, we may need to take into account duration and intensity
because we rely on indirect indicators of affect.

Another concern is that of sampling frequency. While certain indicators may, in theory, be measured
continuously, e.g. those recorded using technology such as accelerometers, cameras, or microphones,
others may need to be sampled manually and less frequently. But how frequent is frequent enough to
accurately reflect an estimation of the overall frequency of PA and NA? Other behavioural tests may also
be sensitive to measurement bias. If we select the sampling moments poorly, we may again bias our
sampling towards either PA (e.g. facial expressions at the always-rewarded feeder) or NA (e.g. facial
expressions following painful procedures). The validity of various sampling frequencies would need to be
determined for each indicator of affect, species, and context, which would be laborious work. And
although in humans the ESM is typically sampled approximately seven times per day, people can always
report how they currently feel. In contrast, there may be many sampling moments when we are unable
to conclude which valence an animal feels, meaning we may need a much larger number of sampling

moments in animals to account for these missing data (Cartoni Mancinelli et al., 2023).

In Fig.1, we present two possible methods for illustrative purposes, which differ in how they capture PA
and NA frequency in animals. Method A makes use of continuous recording technology (e.g.
microphones), to monitor and count a single indicator of affect that ranges across PA and NA, i.e.,
vocalisations in pigs (Briefer et al., 2022). This method makes the assumption that pig vocalisations
equally reflect all PA and NA events, which may not be the case, e.g. low arousal PA may be under-
represented by vocalisations. Method B instead samples random time windows within a period of time (5
min per hour of diurnal period) which are in turn classified as dominated by PA or NA based on multiple
behavioural indicators of affect, e.g. vocalisations (PA and NA), tail posture (PA and NA), and play (PA
only). This second method circumvents issues with single indicators being biased towards a certain
valence and the problem of ensuring that every affective event is recorded. However, for every 5-min
time window, PA and NA may have to be weighed against each other when indicators are pointing to
multiple valences. With both methods, indicators that provide continuous estimates of affect (here we
mean indicators that can always be recorded as they are always ‘present’, not continuous recording via
technology), such as heart rate variability, will require pre-determined (potential individual) thresholds

to distinguish between PA and NA.

4.4 Proportion of occurrences principle

The proportion of occurrences principle reflects the target state that the AB score is thought to assess,
namely: how often an individual experienced PA versus NA over a given period of time, hence how the
frequency of PA compares to the frequency of NA. For this integration of PA and NA, as in humans,
simple ratios (PA/NA or PA/[PA+NA]) or subtractions (PA-NA) could be calculated, or categories could be
created (Yoon et al. (2022). Hence AB could theoretically relatively easily be computed in animals if we

have reliable indicators of the valence (and potentially intensity and duration) of affect.

As with some of the more recent human studies, the integration of PA and NA via calculation could be

avoided, and instead, these two dimensions could also be considered separately. This is what is done in
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the Welfare Footprint Framework (WFF; Schuck-Paim et al., 2025). WFF aims to assess animal welfare
based on notation systems feeding into calculations of cumulative pain (i.e., NA) and pleasure (i.e., PA)
for the affected individual and the ‘average’ population member. Affective experiences are suggested to
be evaluated by human experts using evidence from multiple research domains (ethology,
pharmacology, physiology). In general, the framework provides a very structured and systematic
approach, and tools for integrating different states (four positive and four negative), but of course the
usefulness depends heavily on valid indicators leading to informed expert judgements?!. The ‘proportion
of occurrences principle’ is taken into account by dividing time into windows during which an animal (or
a group) is supposed to be in a constant state and evaluating this state (or the dominant state). Then
the proportion of time spent in one state is reported. The creators of the WFF acknowledge that an
integration of PA and NA may be relevant and that integration is hindered by the challenges to establish
equivalence between PA and NA. Each state must be objectively emphasised from multiple

behavioural/physiological indicators, and the intensity of the state is documented.

Conversely, the integration of PA and NA may lead to the consideration of trade-offs that may breach
important aspects of welfare, suggesting that PA can somewhat compensate for NA. It was not within
the scope of the present study to further dive into human studies that only consider estimates of PA and

NA frequency separately and forfeit any form of integration.

5. Discussion and conclusion
In the present study, we: 1) explained human AB and briefly touched upon its correlates; 2) examined
existing methods to assess AB and extracted four underlying principles that we feel capture the essence
of this methodology; and 3) evaluated the potential of this methodology for application in other species
via these underlying principles. In summary, we find the AB methodology to be of interest for other
species, but many practical limitations currently curb the application of this methodology to animals. The
main limitation is likely our need for validated indicators of momentary PA and NA that can be
repeatedly collected across time. Having said that, we must remember that AB scores in humans are
based solely on estimates, sometimes computed over very short periods, and susceptible to various
biases when based on recall. It is conceivable that in animals we may also rely on incomplete and
imperfect assessments of PA and NA frequencies, as long as we can demonstrate that these correlate

well with other cumulative affect measures.

As in humans, AB has the potential to offer an effective measure for the affective/hedonic component of
animal welfare for several reasons. AB provides a more comprehensive understanding of an animal's
welfare than many traditional methods, by considering both PA and NA (Cooper and Wemelsfelder,
2020) as opposed to only NA (see methods such as the Cumulative Pain Framework proposed by Alonso
and Schuck-Paim, 2022, and the Lifetime Stress Score proposed by Polanco, 2021): AB shifts hence the
focus from merely avoiding NA (e.g. distress) to also promoting PA (e.g. comfort), which is crucial for
assessing and improving animal welfare (Watters et al., 2021; Webber et al., 2022). AB can moreover

theoretically be adapted to different species, allowing for a broad application in welfare assessments.

As mentioned above, for any indicator or proxy measure, it is crucial that it is valid (Browning, 2023;
Mason and Mendl, 1993; Nielsen et al., In press). Wirbel (2017) describes three types of validity

(termed the '3Vs’): construct validity, internal validity, and external validity. Internal validity assesses

! see suggested application here: https://www.nature.com/articles/s41598-025-04272-1#ref-CR5
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whether the research has been conducted with sufficient scientific rigour to allow accurate and unbiased
interpretation of results (e.g. use of control groups, randomisation, appropriate statistical analyses).
External validity assesses whether the research has been set up for extrapolation or generalisation of
results to populations outside the study population. Both of these types of validity do not offer any
special challenges for research into AB, but should be carefully considered by researchers when
designing and implementing studies. The type most associated with common usage of the term ‘validity’
is construct validity, which refers to whether or not the indicator is actually measuring the target state
as opposed to something else. Here, an indicator will be valid when it reliably correlates with the target
state (even under interventions); this will occur when it stands in a causal relationship with the target
(either a cause of, an effect of, or an effect of a common cause) (Bollen and Lennox, 1991). Validation
will then proceed by testing for one of these causal relationships. Methods to assess AB may present a
special problem for construct validation. In the first instance, the indicators for PA and NA must
themselves be validated to ensure they are representing the affects they claim to do (as well as their
frequency, intensity, and/or duration, as applicable), which is something that will still require much
research effort. However, this is not enough, as we must also ensure that the assessment method:

1. Equally assesses PA and NA without bias towards one valence (equal valence principle)

2. Is a good estimate of overall PA and NA, e.g. sampling frequency must be validated

3. Integrates PA and NA in a manner that captures an estimate of the proportion of occurrences of

PA (proportion of occurrences principle)

A promising group of behavioural indicators for highly vocal species such as rats and pigs, are affect-
driven vocalisations which have received much research attention (see a proposed method to assess AB
based on vocalisations in Fig.1) (e.g. Briefer et al., 2022). Several approaches for validating the overall
AB measure are envisaged. The AB scores could be assessed for correlation with other potential
measures of cumulative affect (criterion validity), for example those reflecting biological aging and
cumulative stress such as telomere length (Bateson, 2016) or brain plasticity assessed via hippocampal
volume/neurogenesis (Poirier et al., 2019), or judgment bias (Mendl et al., 2009) and WFF. One
advantage of the AB method relative to biomarkers of cumulative affect is that they may open a window
into the affective experiences of an animal throughout time, i.e., greater temporal granularity. This may
allow for use of this method to identify welfare issues in a timely fashion. Use of these alternative
indicators for validation of AB relies on the assumption that they are themselves valid and accurate
measures of the same underlying psychological/affective state that AB methods are attempting to
measure; an assumption that may of course be faulty. Use of multiple correlations, across independent
methodologies, could help raise confidence in the results if stable correlations are found. Other
validation methods involve manipulating the inputs to alter an animal’s AB, and looking to see whether
the AB measure responds appropriately. This relies on background assumptions about which inputs will

impact AB, but these can also be tested against one another (Browning, 2023).

To conclude, the theory behind the AB methodology used in humans to assess hedonic/affective well-
being is inspiring to animal welfare scientists and can be translated to other species, but this translation
will lead to a number of important theoretical and practical considerations in the development and
validation of potential assessment methods. These will have to rely on the availability of reliable
indicators of PA and NA, which themselves have to be well validated. The validation of both indicators of
PA and NA, and AB should be done using multiple pathways, due to our lack of a gold standard. Finally,
it is important to highlight once more that AB, as in humans, is likely to reflect only the hedonic/affective
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component of animal welfare, while other components of welfare, e.g. the development of competences

(Rault et al., 2025) would require alternative assessment methods.

Figure 1 - Illustration of two possible methods to assess affect balance (A and B) in non-
human animals. Here we use pigs as a case species because affect-driven vocalisations and
other behavioural indicators have been well described in this species (Briefer et al., 2022;
Reimert et al., 2023). Method A focuses on one category of indicator, here vocalisations, to
continuously and automatically compute the end score. The assumption is that we have the
required technology to record the vocalisations of individual pigs (e.g. using acoustic
cameras). Method B describes an experience sampling method that randomly selects windows
of 5 minutes, which based on multiple behavioural indicators are classified as either positive
affect (PA) or negative affect (NA). The aim of this figure is to provide concrete examples of
how affect balance could be theoretically assessed in non-human animals with existing
behavioural indicators of positive and negative affect. Based on Andiappan and Wan, 2020;
Keeling et al., submitted.
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Caption supplementary materials

Table S1A. Overview of human literature on affect balance (AB) identified through a narrative review.
The table summarizes information on the included studies (column 1-7, green), the methods to assess
affect balance (column 8-18, blue), the internal validation of these methods and/or their subscales
(column 19 & 20, yellow), and the analysed correlates of affect balance (column 21-26, orange). The

final column (27) provides comments from the authors of the present paper that are relevant for
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interpreting the presented information. Both experimental/observational studies and meta-analyses are
included. Consequently, some of the original studies may also be presented in the meta-analyses.
Additionally, multiple observational studies may have made use of participants from the same study

cohort.

Table S1B. Descriptions of columns from Table S1A.

References

Alonso, W.J., Schuck-Paim, C., 2022. Cumulative Pain: An Evidence-Based, Easily Interpretable and
Interspecific Metric of Welfare Loss. https://doi.org/10.20944/preprints202208.0247.v1

Andiappan, V., Wan, Y.K., 2020. Distinguishing approach, methodology, method, procedure and
technique in process systems engineering. Clean Technol. Environ. Policy 22, 547-555.
https://doi.org/10.1007/s10098-020-01819-w

Andrews, K., Birch, J., Sebo, J., Sims, T., 2024. The New York Declaration on Animal Consciousness
[WWW Document]. N. Y. Declar. Anim. Conscious. URL
https://sites.google.com/nyu.edu/nydeclaration/declaration (accessed 2.5.26).

Aragona, F., Fazio, F., Piccione, G., Giannetto, C., 2024. Chronophysiology of domestic animals.
Chronobiol. Int. 41, 888-903. https://doi.org/10.1080/07420528.2024.2360723

Babington, S., Tilbrook, A.J., Maloney, S.K., Fernandes, J.N., Crowley, T.M., Ding, L., Fox, A.H., Zhang,
S., Kho, E.A., Cozzolino, D., Mahony, T.J., Blache, D., 2024. Finding biomarkers of experience in
animals. J. Anim. Sci. Biotechnol. 15, 28. https://doi.org/10.1186/s40104-023-00989-z

Banchi, P., Quaranta, G., Ricci, A., Von Degerfeld, M.M., 2020. Reliability and construct validity of a
composite pain scale for rabbit (CANCRS) in a clinical environment. PLOS ONE 15, e0221377.
https://doi.org/10.1371/journal.pone.0221377

Basabe, N., Paez, D., Valencia, J., Gonzalez, J.L., Rimé, B., Diener, E., 2002. Cultural dimensions,
socioeconomic development, climate, and emotional hedonic level. Cogn. Emot. 16, 103-125.
https://doi.org/10.1080/02699930143000158

Bateson, M., 2016. Cumulative stress in research animals: Telomere attrition as a biomarker in a welfare
context? BioEssays 38, 201-212. https://doi.org/10.1002/bies.201500127

Boissy, A., Manteuffel, G., Jensen, M.B., Moe, R.O., Spruijt, B., Keeling, L.]J., Winckler, C., Forkman, B.,
Dimitrov, I., Langbein, J., Bakken, M., Veissier, I., Aubert, A., 2007. Assessment of positive
emotions in animals to improve their welfare. Physiol. Behav. 92, 375-397.
https://doi.org/10.1016/j.physbeh.2007.02.003

Bollen, K., Lennox, R., 1991. Conventional wisdom on measurement: A structural equation perspective.
Psychol. Bull. 110, 305-314. https://doi.org/10.1037/0033-2909.110.2.305

Bordas, A., Fruchart, E., 2023. Pacing strategy in trail running: A cognitive subtractive model of the
affective balance between effort and pleasure? Psychol. Sport Exerc. 67, 102409.
https://doi.org/10.1016/j.psychsport.2023.102409

Bosa, L., Bernabucci, G., Federico, F.D., Nompleggio, L., Vispi, M., Menchetti, L., Bosco, A.D., Mattioli,
S., Primi, R., Girotti, P., Castellini, C., 2025. Outdoor Rearing and Behavioural Patterns in
Diverse Rabbit Breeds: An Exploratory Study. Animals 15. https://doi.org/10.3390/ani15243562

Bradburn, 1969. The Structure of Psychological Well-Being. ALDINE PUBLISHING COMPANY.

Briefer, E.F., Sypherd, C.C.-R., Linhart, P., Leliveld, L.M.C., Padilla de la Torre, M., Read, E.R., Guérin,
C., Deiss, V., Monestier, C., Rasmussen, J.H., Spinka, M., Dlpjan, S., Boissy, A., Janczak, A.M.,
Hillmann, E., Tallet, C., 2022. Classification of pig calls produced from birth to slaughter
according to their emotional valence and context of production. Sci. Rep. 12, 3409.
https://doi.org/10.1038/s41598-022-07174-8

Browning, H., 2023. Validating Indicators of Subjective Animal Welfare. Philos. Sci. 90, 1255-1264.
https://doi.org/10.1017/psa.2023.10

Browning, H., 2020. If I Could Talk to the Animals: Measuring Subjective Animal Welfare.
https://doi.org/10.25911/5F1572FB1B5BE

Carbone, L., 2020. Do “Prey Species” Hide Their Pain? Implications for Ethical Care and Use of
Laboratory Animals. J. Appl. Anim. Ethics Res. 2, 216-236. https://doi.org/10.1163/25889567-
BJA10001

Cartoni Mancinelli, A., Trocino, A., Menchetti, L., Chiattelli, D., Ciarelli, C., Castellini, C., 2023. New
approaches to selecting a scan-sampling method for chicken behavioral observations and their
practical implications. Sci. Rep. 13, 17177. https://doi.org/10.1038/s41598-023-44126-2

Cooper, R., Wemelsfelder, F., 2020. Qualitative behaviour assessment as an indicator of animal
emotional welfare in farm assurance. Livestock 25, 180-183.
https://doi.org/10.12968/live.2020.25.4.180

Csikszentmihalyi, M., Larson, R., 2014. Validity and Reliability of the Experience-Sampling Method, in:
Csikszentmihalyi, M. (Ed.), Flow and the Foundations of Positive Psychology: The Collected

17



Works of Mihaly Csikszentmihalyi. Springer Netherlands, Dordrecht, pp. 35-54.
https://doi.org/10.1007/978-94-017-9088-8_3

Daniels, K., 2000. Measures of five aspects of affective well-being at work. Hum. Relat. 53, 275-294.
https://doi.org/10.1177/a010564

Denollet, J., De Vries, J., 2006. Positive and negative affect within the realm of depression, stress and
fatigue: The two-factor distress model of the Global Mood Scale (GMS). J. Affect. Disord. 91,
171-180. https://doi.org/10.1016/j.jad.2005.12.044

Diener, E., Wirtz, D., Tov, W., Kim-Prieto, C., Choi, D., Oishi, S., Biswas-Diener, R., 2010. New Well-
being Measures: Short Scales to Assess Flourishing and Positive and Negative Feelings. Soc.
Indic. Res. 97, 143-156. https://doi.org/10.1007/s11205-009-9493-y

Dogan, T., Totan, T., Sapmaz, F., 2013. The role of self-esteem, psychological well-being, emotional
self-efficacy, and affect balance on happiness: a path model. Eur. Sci. J. 9, 31-42.

Duncan, I.J.H., 2002. Poultry welfare: Science or subjectivity? Br. Poult. Sci. 43, 643-652.
https://doi.org/10.1080/0007166021000025109

Dupjan, S., Dawkins, M.S., 2022. Animal Welfare and Resistance to Disease: Interaction of Affective
States and the Immune System. Front. Vet. Sci. 9. https://doi.org/10.3389/fvets.2022.929805

FAWC, 2009. Farm Animal Welfare in Great Britain: Past, Present and Future. FAWC, London, UK.

Fong, C.T., Tiedens, L.Z., 2002. Dueling Experiences and Dual Ambivalences: Emotional and
Motivational Ambivalence of Women in High Status Positions. Motiv. Emot. 26, 105-121.
https://doi.org/10.1023/A:1015198209285

Fraser, D., 2023. Understanding Animal Welfare: The Science in its Cultural Context. John Wiley & Sons.

Fredrickson, B.L., 2001. The role of positive emotions in positive psychology: The broaden-and-build
theory of positive emotions. Am. Psychol. 56, 218-226. https://doi.org/10.1037/0003-
066X.56.3.218

Fredrickson, B.L., Losada, M.F., 2005. Positive Affect and the Complex Dynamics of Human Flourishing.
Am Psychol 60, 678-686. https://doi.org/10.1037/0003-066X.60.7.678

Fullagar, C.J., Kelloway, E.K., 2009. Flow at work: An experience sampling approach. J. Occup. Organ.
Psychol. 82, 595-615. https://doi.org/10.1348/096317908X357903

Fureix, C., Meagher, R.K., 2015. What can inactivity (in its various forms) reveal about affective states
in non-human animals? A review. Appl. Anim. Behav. Sci. 171, 8-24.
https://doi.org/10.1016/j.applanim.2015.08.036

Gable, P.A., Harmon-Jones, E., 2011. Attentional consequences of pregoal and postgoal positive affects.
Emotion 11, 1358-1367. https://doi.org/10.1037/a0025611

Garamoni, G.L., Reynolds, C.F., Thase, M.E., Frank, E., Berman, S.R., Fasiczka, A.L., 1991. The balance
of positive and negative affects in major depression: A further test of the states of mind model.
Psychiatry Res. 39, 99-108. https://doi.org/10.1016/0165-1781(91)90079-5

Gottman, J.M., 1998. What predicts divorce? The relationship between marital processes and marital
outcomes. Psychology Press, New York London.

Green, T., Mellor, D., 2011. Extending ideas about animal welfare assessment to include ‘quality of life’
and related concepts. N. Z. Vet. J. 59, 263-271.
https://doi.org/10.1080/00480169.2011.610283

Gygax, L., Hillmann, E., 2018. “Naturalness” and Its Relation to Animal Welfare from an Ethological
Perspective. Agriculture 8. https://doi.org/10.3390/agriculture8090136

Hassett, A.L., Goesling, J., Mathur, S.N., Moser, S.E., Brummett, C.M., Sibille, K.T., 2016. Affect and
Low Back Pain: More to Consider Than the Influence of Negative Affect Alone. Clin. J. Pain 32,
907. https://doi.org/10.1097/AJP.0000000000000350

Hassett, A.L., Simonelli, L.E., Radvanski, D.C., Buyske, S., Savage, S.V., Sigal, L.H., 2008. The
relationship between affect balance style and clinical outcomes in fibromyalgia. Arthritis Care
Res. 59, 833-840. https://doi.org/10.1002/art.23708

Irwin, L.N., 2024. Behavioral indicators of heterogeneous subjective experience in animals across the
phylogenetic spectrum: Implications for comparative animal phenomenology. Heliyon 10,
e28421. https://doi.org/10.1016/j.heliyon.2024.e28421

Keeling, L., Webb, L.E., Barry, C., Bateson, M., Battini, M., Beaulieu, M., Blanco-Penedo, M., Chincarini,
M., Kriengwatana, B.P., Nawroth, C., Newberry, R.C., Smulders, T.V., Westermark, P.O., Zupan
Semrov, M., Jensen, M.B., n.d. A methodological framework for the study of positive animal
welfare: A critical review of existing methods and emerging directions.

Kim, K.A., Mueller, D.J., 2001. To Balance or not to Balance: Confirmatory Factor Analysis of the Affect-
Balance Scale. J. Happiness Stud. 2, 289-306. https://doi.org/10.1023/A:1013519931082

King, J.E., Landau, V.I., 2003. Can chimpanzee (Pan troglodytes) happiness be estimated by human
raters? J. Res. Personal. 37, 1-15. https://doi.org/10.1016/50092-6566(02)00527-5

Kolanowski, A.M., Van Haitsma, K., Meeks, S., Litaker, M., 2014. Affect Balance and Relationship With
Well-Being in Nursing Home Residents With Dementia. Am. J. Alzheimers Dis. Dementiasr 29,
457-462. https://doi.org/10.1177/1533317513518657

Kong, F., Hu, S., Wang, X., Song, Y., Liu, J., 2015. Neural correlates of the happy life: The amplitude of
spontaneous low frequency fluctuations predicts subjective well-being. NeuroImage 107, 136-
145. https://doi.org/10.1016/j.neuroimage.2014.11.033

18



Kratz, F., Briderl, J., 2025. Assessing age trajectories (of subjective well-being): clarifying estimands,
identification assumptions, and estimation strategies. Eur. Sociol. Rev. jcaf038.

Kremer, L., Klein Holkenborg, S.E.J., Reimert, 1., Bolhuis, J.E., Webb, L.E., 2020. The nuts and bolts of
animal emotion. Neurosci. Biobehav. Rev. 113, 273-286.
https://doi.org/10.1016/j.neubiorev.2020.01.028

Lawrence, A.B., Vigors, B., Sandge, P., 2019. What Is so Positive about Positive Animal Welfare?—A
Critical Review of the Literature. Animals 9, 783. https://doi.org/10.3390/ani9100783

Lawton, M.P., Van Haitsma, K., Klapper, J., 1996. Observed affect in nursing home residents with
Alzheimer’s disease. J. Gerontol. B. Psychol. Sci. Soc. Sci. 51, P3-14.
https://doi.org/10.1093/geronb/51b.1.p3

Leavy, B., O’Connell, B.H., O'Shea, D., 2023. Gratitude, affect balance, and stress buffering: A growth
curve examination of cardiovascular responses to a laboratory stress task. Int. J. Psychophysiol.
183, 103-116. https://doi.org/10.1016/j.ijpsycho.2022.11.013

Lehrer, H.M., Janus, K.C., Gloria, C.T., Steinhardt, M.A., 2017. Too Much of a Good Thing: Curvilinear
Effect of the Positivity Ratio on Emotional Dysfunction and Perceived Resources in Adolescent
Females. J. Depress. Anxiety 06. https://doi.org/10.4172/2167-1044.1000286

Liu, Y., Wang, Z., LG, W., 2013. Resilience and affect balance as mediators between trait emotional
intelligence and life satisfaction. Personal. Individ. Differ. 54, 850-855.
https://doi.org/10.1016/j.paid.2012.12.010

Lo, S.L., Riley, H.O., Sturza, J., Vazquez, D.M., Rosenblum, K., Kaciroti, N., Lumeng, J.C., Miller, A.L.,
2021. Cortisol in early childhood moderates the association between family routines and
observed affective balance in children from low-income backgrounds. Dev. Psychobiol. 63,
€22204. https://doi.org/10.1002/dev.22204

Low, P., Panksepp, J., Reiss, D., Edelman, D., Swinderen, B.V., Kock, C., 2012. The Cambridge
Declaration on Consciousness, in: The Cambridge Declaration on Consciouness. Presented at the
Francis Crick Memorial Conference, Cambridge, England.

Marza, S.M., Munteanu, C., Papuc, 1., Radu, L., Diana, P., Purdoiu, R.C., 2024. Behavioral, Physiological,
and Pathological Approaches of Cortisol in Dogs. Animals 14.
https://doi.org/10.3390/ani14233536

Mason, G., Mendl|, M., 1993. Why is There no Simple Way of Measuring AnimalWelfare? Anim. Welf. 2,
301-319. https://doi.org/10.1017/50962728600016092

Mason, G.J., Latham, N.R., 2004. Can’t stop, won't stop: is stereotypy a reliable animal welfare
indicator? Anim. Welf. 13, S57-S69. https://doi.org/10.1017/5096272860001438X

Matud, M.P., Zueco, J., Diaz, A., Del Pino, M.-]., Fortes, D., 2023. Gender differences in mental distress
and affect balance during the first wave of COVID-19 pandemic in Spain. Curr. Psychol. 42,
21790-21804. https://doi.org/10.1007/s12144-022-03282-w

McManus, M.D., Siegel, J.T., Nakamura, J., 2019. The predictive power of low-arousal positive affect.
Motiv. Emot. 43, 130-144. https://doi.org/10.1007/s11031-018-9719-x

Meeks, S., Van Haitsma, K., Kostiwa, I., Murrell, S.A., 2012. Positivity and Well-being Among
Community-Residing Elders and Nursing Home Residents: What Is the Optimal Affect Balance?
J. Gerontol. B. Psychol. Sci. Soc. Sci. 67, 460-467. https://doi.org/10.1093/geronb/gbr135

Mellor, D., 2016. Updating Animal Welfare Thinking: Moving beyond the “Five Freedoms” towards “A Life
Worth Living.” Animals 6, 21. https://doi.org/10.3390/ani6030021

Mendl|, M., Burman, O.H.P., Parker, R.M.A., Paul, E.S., 2009. Cognitive bias as an indicator of animal
emotion and welfare: Emerging evidence and underlying mechanisms. Appl. Anim. Behav. Sci.
118, 161-181. https://doi.org/10.1016/j.applanim.2009.02.023

Mendl|, M., Burman, O.H.P., Paul, E.S., 2010. An integrative and functional framework for the study of
animal emotion and mood. Proc. R. Soc. B Biol. Sci. 277, 2895-2904.
https://doi.org/10.1098/rspb.2010.0303

Moriwaki, S.Y., 1974. The Affect Balance Scale: A Validity Study With Aged Samples. J. Gerontol. 29,
73-78. https://doi.org/10.1093/geronj/29.1.73

Moron, M., 2020. The affect balance and depressiveness as mediators between trait emotional
intelligence and life satisfaction. Personal. Individ. Differ. 155, 109732.
https://doi.org/10.1016/j.paid.2019.109732

Nabi, H., Kivimaki, M., Vogli, R.D., Marmot, M.G., Singh-Manoux, A., 2008. Positive and negative affect
and risk of coronary heart disease: Whitehall II prospective cohort study. BMJ 337, al118.
https://doi.org/10.1136/bmj.a118

Neville, V., Nakagawa, S., Zidar, J., Paul, E.S., Lagisz, M., Bateson, M., Lgvlie, H., Mendl, M., 2020.
Pharmacological manipulations of judgement bias: A systematic review and meta-analysis.
Neurosci. Biobehav. Rev. 108, 269-286. https://doi.org/10.1016/j.neubiorev.2019.11.008

Nielsen, B., Mason, G., Mendl, M., In press. Assessing Animal Welfare: A Guide to Valid Use of Indicators
of Affective States, UFAW Animal Welfare Series. Wiley & Sons, Oxford.

Orth, E.K., Navas Gonzalez, F.]., Iglesias Pastrana, C., Berger, J.M., Jeune, S.S. le, Davis, E.W., McLean,
A.K., 2020. Development of a Donkey Grimace Scale to Recognize Pain in Donkeys (Equus
asinus) Post Castration. Animals 10, 1411. https://doi.org/10.3390/ani10081411

19



Perkinson, M.A., Albert, S.M., Luborsky, M., Moss, M., Glicksman, A., 1994. Exploring the Validity of the
Affect Balance Scale With a Sample of Family Caregivers. J. Gerontol. 49, S264-S275.
https://doi.org/10.1093/geronj/49.5.5264

Perry, C.]J., Baciadonna, L., 2017. Studying emotion in invertebrates: what has been done, what can be
measured and what they can provide. J. Exp. Biol. 220, 3856-3868.
https://doi.org/10.1242/jeb.151308

Pierce, J., Zhdanova, L., Lucas, T., 2018. Positive and negative affectivity, stress, and well-being in
African-Americans: Initial demonstration of a polynomial regression and response surface
methodology approach. Psychol. Health 33, 445-464.
https://doi.org/10.1080/08870446.2017.1368510

Poirier, C., Bateson, M., Gualtieri, F., Armstrong, E.A., Laws, G.C., Boswell, T., Smulders, T.V., 2019.
Validation of hippocampal biomarkers of cumulative affective experience. Neurosci. Biobehav.
Rev. 101, 113-121. https://doi.org/10.1016/j.neubiorev.2019.03.024

Polanco, A., 2021. Validating markers of cumulative experience in laboratory rhesus monkeys (Macaca
mulatta). The University of Guelph, Ontario, Canada.

Prasetio, C.E., Putri, V.M., Sianipar, A., 2023. The Moderating Role of Inhibition on Irrelevant Emotional
Information in the Relation of Cognitive Reappraisal and Affect Balance: Evidence from a
Negative Affective Priming Task. Jpn. Psychol. Res. n/a. https://doi.org/10.1111/jpr.12465

Prescott, M.J., Leach, M.C., Truelove, M.A., 2023. Harmonisation of welfare indicators for macaques and
marmosets used or bred for research. F1I000Research 11, 272.
https://doi.org/10.12688/f1000research.109380.3

Quinn, T., Aquino, J., Marelich, W., Rutledge, D.N., Zettel-Watson, L., Cherry, B.]., 2021. Impact of
Affect Balance on Cognitive and Physical Function in Adults With and Without Fibromyalgia. J.
Nurs. Scholarsh. 53, 680-688. https://doi.org/10.1111/jnu.12694

Rader, N., Hughes, E., 2005. The influence of affective state on the performance of a block design task
in 6- and 7-year-old children. Cogn. Emot. 19, 143-150.
https://doi.org/10.1080/02699930441000049

Radloff, L.S., 1977. The CES-D Scale: A Self-Report Depression Scale for Research in the General
Population. Appl. Psychol. Meas. 1, 385-401. https://doi.org/10.1177/014662167700100306

Rault, J.-L., Bateson, M., Boissy, A., Forkman, B., Grinde, B., Gygax, L., Harfeld, J.L., Hintze, S.,
Keeling, L.J., Kostal, L., Lawrence, A.B., Mendl, M.T., Miele, M., Newberry, R.C., Sandge, P.,
épinka, M., Taylor, A.H., Webb, L.E., Whalin, L., Jensen, M.B., 2025. A consensus on the
definition of positive animal welfare. Biol. Lett. 21, 20240382.
https://doi.org/10.1098/rsbl.2024.0382

Rault, J.-L., van den Munkhof, M., Buisman-Pijlman, F.T.A., 2017. Oxytocin as an Indicator of
Psychological and Social Well-Being in Domesticated Animals: A Critical Review. Front. Psychol.
8. https://doi.org/10.3389/fpsyg.2017.01521

Rego, A., Sousa, F., Marques, C., Cunha, M.P.E., 2012. Optimism predicting employees’ creativity: The
mediating role of positive affect and the positivity ratio. Eur. J. Work Organ. Psychol. 21, 244-
270. https://doi.org/10.1080/1359432X.2010.550679

Reimert, I., Webb, L.E., van Marwijk, M.A., Bolhuis, J.E., 2023. Review: Towards an integrated concept
of animal welfare. animal, Animal welfare: an interdisciplinary analysis 17, 100838.
https://doi.org/10.1016/j.animal.2023.100838

Robinson, L.M., Waran, N.K., Leach, M.C., Morton, F.B., Paukner, A., Lonsdorf, E., Handel, I., Wilson,
V.A.D., Brosnan, S.F., Weiss, A., 2016. Happiness is positive welfare in brown capuchins
(Sapajus apella). Appl. Anim. Behav. Sci. 181, 145-151.
https://doi.org/10.1016/j.applanim.2016.05.029

Robinson, M.D., Clore, G.L., 2002. Episodic and semantic knowledge in emotional self-report: Evidence
for two judgment processes. J. Pers. Soc. Psychol. 83, 198-215. https://doi.org/10.1037/0022-
3514.83.1.198

Russell, J.A., 2003. Core affect and the psychological construction of emotion. Psychol. Rev. 110, 145-
172. https://doi.org/10.1037/0033-295X.110.1.145

Ruthig, J.C., Trisko, J., Chipperfield, J.G., 2014. Shifting positivity ratios: emotions and psychological
health in later life. Aging Ment. Health 18, 547-553.
https://doi.org/10.1080/13607863.2013.866633

Ryff, C.D., 1989. Happiness is everything, or is it? Explorations on the meaning of psychological well-
being. J. Pers. Soc. Psychol. 57, 1069-1081. https://doi.org/10.1037/0022-3514.57.6.1069

Sanjuan, P., 2011. Affect Balance as Mediating Variable Between Effective Psychological Functioning and
Satisfaction with Life. J. Happiness Stud. 12, 373-384. https://doi.org/10.1007/s10902-010-
9199-5

Scheven, V., Gygax, L., 2025. When the Job is Done: Exhaustion or Elation? A Pilot Study on the Effects
of Cognitive and Physical Effort on the Behavior of Minipigs. J. Appl. Anim. Welf. Sci. 0, 1-8.
https://doi.org/10.1080/10888705.2025.2491542

Schuck-Paim, C., Alonso, W.]., Verkuijl, C., Hegwood, M., Hartcher, K., 2025. The Welfare Footprint
Framework can help balance animal welfare with other food system priorities. Nat. Food 6, 737-
739. https://doi.org/10.1038/s43016-025-01213-z

20



Shrira, A., Bodner, E., Palgi, Y., 2016. Positivity ratio of flourishing individuals: Examining the
moderation effects of methodological variations and chronological age. J. Posit. Psychol. 11,
109-123. https://doi.org/10.1080/17439760.2015.1037857

Shrira, A., Palgi, Y., Wolf, 1.]., Haber, Y., Goldray, O., Shacham-Shmueli, E., Ben-Ezra, M., 2011. The
positivity ratio and functioning under stress. Stress Health 27, 265-271.
https://doi.org/10.1002/smi.1349

Sibille, K.T., Kindler, L.L., Glover, T.L., Staud, R., Riley, J.L., Fillingim, R.B., 2012. Affect Balance Style,
Experimental Pain Sensitivity, and Pain-related Responses. Clin. J. Pain 28, 410-417.
https://doi.org/10.1097/AJP.0b013e3182324799

Sirois, F.M., 2015. A self-regulation resource model of self-compassion and health behavior intentions in
emerging adults. Prev. Med. Rep. 2, 218-222. https://doi.org/10.1016/j.pmedr.2015.03.006

Sirois, F.M., Hirsch, J.K., 2015. Big Five traits, affect balance and health behaviors: A self-regulation
resource perspective. Personal. Individ. Differ. 87, 59-64.
https://doi.org/10.1016/j.paid.2015.07.031

Steagall, P.V., Bustamante, H., Johnson, C.B., Turner, P.V., 2021. Pain Management in Farm Animals:
Focus on Cattle, Sheep and Pigs. Animals 11, 1483. https://doi.org/10.3390/ani11061483

Toussaint, L.L., Vincent, A., McAllister, S.J., Oh, T.H., Hassett, A.L., 2014. A comparison of fibromyalgia
symptoms in patients with Healthy versus Depressive, Low and Reactive affect balance styles.
Scand. J. Pain 5, 161-166. https://doi.org/10.1016/j.sjpain.2014.05.001

Tsun-Wai Chu, S., Fung, H.H., Chu, L., 2019. Is Positive Affect Related to Meaning in Life Differently in
Younger and Older Adults? A Time Sampling Study | The Journals of Gerontology: Series B |
Oxford Academic. J. Gerontol. Ser. B 75. https://doi.org/10.1093/geronb/gbz086

Tsurumi, T., Imauji, A., Managi, S., 2018. Greenery and Subjective Well-being: Assessing the Monetary
Value of Greenery by Type. Ecol. Econ. 148, 152-169.
https://doi.org/10.1016/j.ecolecon.2018.02.014

Turner, P.V., 2019. Moving Beyond the Absence of Pain and Distress: Focusing on Positive Animal
Welfare. ILAR J. 60, 366-372. https://doi.org/10.1093/ilar/ilaa017

Turner, P.V., Pang, D.S., Lofgren, J.L., 2019. A Review of Pain Assessment Methods in Laboratory
Rodents. Comp. Med. 69, 451-467. https://doi.org/10.30802/AALAS-CM-19-000042

Tuyttens, F.A.M., de Graaf, S., Heerkens, J.L.T., Jacobs, L., Nalon, E., Ott, S., Stadig, L., Van Laer, E.,
Ampe, B., 2014. Observer bias in animal behaviour research: can we believe what we score, if
we score what we believe? Anim. Behav. 90, 273-280.
https://doi.org/10.1016/j.anbehav.2014.02.007

Van Cappellen, P., Rice, E.L., Catalino, L.I., Fredrickson, B.L., 2018. Positive affective processes underlie
positive health behaviour change. Psychol. Health 33, 77-97.
https://doi.org/10.1080/08870446.2017.1320798

Varey, C., Kahneman, D., 1992. Experiences extended across time: Evaluation of moments and
episodes. J. Behav. Decis. Mak. 5, 169-185. https://doi.org/10.1002/bdm.3960050303

Veenhoven, R., 2000. The Four Qualities of Life. J. Happiness Stud. 1, 1-39.
https://doi.org/10.1023/A:1010072010360

Veilleux, J.C., Lankford, N.M., Hill, M.A., Skinner, K.D., Chamberlain, K.D., Baker, D.E., Pollert, G.A.,
2020. Affect balance predicts daily emotional experience. Personal. Individ. Differ. 154, 109683.
https://doi.org/10.1016/j.paid.2019.109683

Watson, D., Clark, L.A., Tellegen, A., 1988. Development and validation of brief measures of positive
and negative affect: The PANAS scales. J. Pers. Soc. Psychol. 54, 1063-1070.
https://doi.org/10.1037/0022-3514.54.6.1063

Watters, J.V., Krebs, B.L., Eschmann, C.L., 2021. Assessing Animal Welfare with Behavior: Onward with
Caution. J. Zool. Bot. Gard. 2, 75-87. https://doi.org/10.3390/jzbg2010006

Webber, S., Cobb, M.L., Coe, J., 2022. Welfare Through Competence: A Framework for Animal-Centric
Technology Design. Front. Vet. Sci. 9, 885973. https://doi.org/10.3389/fvets.2022.885973

Wemelsfelder, F., Hunter, T.E.A., Mendl, M.T., Lawrence, A.B., 2001. Assessing the ‘whole animal’: a
free choice profiling approach. Anim. Behav. 62, 209-220.
https://doi.org/10.1006/anbe.2001.1741

Whitham, J.C., Wielebnowski, N., 2009. Animal-based welfare monitoring: using keeper ratings as an
assessment tool. Zoo Biol. 28, 545-560. https://doi.org/10.1002/z00.20281

Wirbel, H., 2017. More than 3Rs: the importance of scientific validity for harm-benefit analysis of animal
research. Lab Anim. 46, 164-166. https://doi.org/10.1038/laban.1220

Yeates, J.W., Main, D.C.]., 2008. Assessment of positive welfare: A review. Vet. J. 175, 293-300.
https://doi.org/10.1016/j.tvjl.2007.05.009

Yildirim, M., 2019. Mediating role of resilience in the relationships between fear of happiness and affect
balance, satisfaction with life, and flourishing. Eur. J. Psychol. 15, 183-198.
https://doi.org/10.5964/ejop.v15i2.1640

Yoon, D.J., Bono, J.E., Yang, T., Lee, K., Glomb, T.M., Duffy, M.K., 2022. The balance between positive
and negative affect in employee well-being. J. Organ. Behav. 43, 763-782.
https://doi.org/10.1002/job.2580

21



Zhang, W., Balloo, K., Hosein, A., Medland, E., 2024. A scoping review of well-being measures:

conceptualisation and scales for overall well-being. BMC Psychol. 12, 585.
https://doi.org/10.1186/s40359-024-02074-0

Zhu, H., 2015. Social Support and Affect Balance Mediate the Association Between Forgiveness and Life

Satisfaction. Soc. Indic. Res. 124, 671-681. https://doi.org/10.1007/s11205-014-0790-8

Highlights

Affect balance may be a promising methodology to assess animal hedonic welfare
Human methods to assess affect balance vary depending on study population
Four underlying principles were extracted from this diversity in methods

Affect balance is promising as an indicator of cumulative affect in animals

Application to animals is limited by the need for valid indicators of animal affect
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