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Abstract

The scientific study of animal welfare involves measuring physiological, behavioural, and/or cognitive variables to infer the welfare state of animals. Such 
an approach implies these measures are indicators, or reflect, an unmeasured latent variable of welfare state. Drawing inspiration from recent develop-
ments in human psychology and psychiatry, in this paper we propose an alternative perspective in the form of a network theory of animal welfare. This 
theory posits that there is no latent variable; rather, welfare is a network system of causal interactions between and within behavioural, physiological, and 
cognitive components. We then describe a statistical network modelling approach motivated by network theory, in which welfare-related response 
variables are associated with each other after controlling for all other variables measured. In three examples using simulated data, we demonstrate how 
this approach can be used, and the sort of novel insights it can bring. These examples cover a range of species and research questions, which network 
analysis is well suited to address. We believe a network approach to animal welfare science holds promise for developing our understanding of the concept 
of animal welfare, as well as producing practical and meaningful information to improve the welfare of animals.
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Introduction 
The scientific study of animal welfare is traditionally 
approached from a ‘triangulation’ perspective, in which 
physiological, behavioural, and (more recently) cognitive 
measures are recorded and used to make inferences about 
the welfare of an animal or group of animals (Webster 
1998). Such an approach implies that these measures all 
reflect an unobserved variable of welfare state. Despite 
this triangulation approach, it is a well-recognised 
problem that welfare is hard to measure, and many 
measures do not ‘agree’ or turn out not to be in the 
direction predicted (Mason & Mendl 1993). There is thus 
a lack of knowledge about how various welfare measures 
relate to each other, which may impede our understanding 
of, and inferences about, animal welfare. In this paper, we 
propose a network approach to tackle this problem. This 
perspective carries with it a novel conceptualisation of 
animal welfare; that is, one that is not based on measures 
reflecting an unobserved latent variable but, rather, a 
construct that emerges from mutual interactions in a 
network system. Drawing inspiration from recent devel-
opments in human psychology and psychiatry, we begin 
by proposing the basis of a network theory of animal 
welfare. We then move on to discuss how novel insights 
can be gained by statistically modelling animal welfare 
measures (‘indicators’) as networks of interactions.  

A network theory of animal welfare 
In the human psychology and psychiatry literature, it has 
been argued that the traditional approach to conceptualising 
and measuring psychological constructs has been a latent 
variable perspective, in which the co-variation between 
measures (eg items on a questionnaire, components of 
emotion, symptoms of mental illness, and so on) occurs due 
to an underlying unobservable common cause (van der 
Maas et al 2006; Cramer et al 2010; Borsboom & Cramer 
2013; Schmittmann et al 2013; Fried & Cramer 2017). This 
implies, for example, that symptoms group together due to 
a latent variable of the underlying illness which causes all 
psychiatric symptoms of a disorder. More recently, the 
network theory approach to psychological phenomena has 
been proposed (initially by Cramer et al 2010, but also see 
van der Maas et al 2006) which essentially posits that 
components group together because they causally influence 
each other, not because they share a common cause; as such, 
there are no latent variables and components are not inter-
changeable (for detailed discussions, see Cramer et al 2010; 
Borsboom & Cramer 2013; Schmittmann et al 2013; 
Borsboom 2017; Fried & Cramer 2017; Dalege et al 2018). 
This suggests that the disorder is the causal interactions 
among symptoms (Borsboom 2017). This powerful idea has 
been proposed as an alternative conceptualisation of various 
psychological phenomena, ranging from psychopathology 
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