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Abstract

This systematic review explores the use of on-animal sensors in sheep and their potential application in objective welfare monitoring.
The key questions posed were: To what extent can current scientific knowledge inform a sensor-based approach to welfare evalua-
tions? And, how might this knowledge shape development of commercial monitoring systems? These questions were explored through
retrospective classification of published sensor applications using The Five Domains (FD) Model as a framework for animal welfare
assessment. A total of 71 studies were reviewed. The results indicate studies specifically evaluating the use of sensors for welfare
assessment are limited, though many experiments could still be related to some aspect of welfare. The assessment of sensor utilisa-
tion revealed the greatest proportion of applications within the ‘Behaviour’ Domain (90.1%; n = 64), and the lowest within the
‘Health’ (25.4%; n = 18) and ‘Mental state’ Domains (25.4%; n = 18). The review also highlights how different sensor types (location,
motion or physiological) differ in their applicability for welfare assessment. This paper is the first to classify published sensor applica-
tions using the FD Model as a framework and highlights the potential for sensor technology in sheep welfare monitoring. The results
suggest that any attempt to create a commercial sensor-based system for objective welfare assessment will require the integration of
more than one sensor type, particularly if multiple Domains are to be addressed. 
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Introduction
Issues surrounding animal welfare are faced by all livestock
industries. Whilst it can be argued that this is not a novel
problem, a recent increase in community and political
scrutiny is evident (Webster 2016; Australian Farm Institute
2017; Dawkins 2017). Animal welfare impacts consumer
purchasing behaviour, with studies indicating a growing
ethical concern for animal welfare standards, particularly in
western countries (Coleman 2007; European Commission
2007; Napolitano et al 2010). Whilst many developed
nations, including Australia, New Zealand, the United
Kingdom and many countries in Europe, already have rela-
tively high standards of animal welfare (Mellor & Bayvel
2008; Webster 2008; Blokhuis et al 2010; Australian Farm
Institute 2017), rising awareness among citizens has
resulted in an increased prominence of animal protection as
a broader societal issue (Napolitano et al 2010). In a review
by Poletto and Hötzel (2012), implementation of ‘clean,
green and ethical’ animal production systems that still
guarantee high animal welfare standards, was cited as a
significant global challenge. Coupled with the increased

demand for food and fibre for the expanding human popu-
lation, the risk for declining welfare standards in response to
greater farm intensification is amplified (Dawkins 2017). 
To assist livestock industries in responding constructively to
changing societal views, it will be important for welfare
standards to be based on objective scientific measures (Poletto
& Hötzel 2012). Objective measures are also necessary to
improve animal welfare for the sake of the animal itself and
should be strived for in all production systems. However, the
development of these measures is often not straightforward.
Fraser and Broom (1990) define animal welfare as “the state
of an animal as it attempts to cope with its environment”,
encompassing both physiological and psychological aspects
of an animal’s life (Tilbrook & Ralph 2018). This definition or
similar, whilst commonly accepted by welfare scientists,
provides little in the way of measurable criteria for welfare
assessment. Added to this difficulty is the problem that the key
features of objective welfare assessment systems need to be
reliably recorded, quantified and reported. 
The Five Freedoms (FF) paradigm was one of the first
attempts to develop a comprehensive ‘check list’ upon
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