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Abstract 

Behavioural restriction is a key welfare challenge for the billions of broilers produced globally every 

year. Current measures of broiler welfare focus on biological functioning and negative health 

outcomes. There is a need for measures of positive behavioural outcomes to better understand and 

manage the welfare of commercial broilers. 

This thesis reviews previously applied behavioural assessments for broilers and investigates the 

application of two positive behavioural outcome measures in detail: Qualitative Behavioural 

Assessment (QBA) and positive behaviour counts. I describe the first application of QBA by broiler 

producers and further explore whether applying QBA affects producers’ attitudes to animal welfare, 

approach to behavioural observation, and ability to recognise positive behaviours. 

Broiler producers achieved good agreement in their judgement of behavioural expression from videos. 

Questionnaire results indicated there was no effect of applying QBA on attitudes towards animal 

welfare, nor how these producers approached behavioural observation. When exploring QBA as a 

novel training tool to accompany a video promoting positive behaviours, QBA was found to distract 

from the types of behaviours being performed, contrary to the video’s training aims, but may have 

helped producers describe broiler behaviour. Producers consistently positively evaluated QBA in all 

investigations. Finally, in a commercial scale trial, QBA and positive behavioural counts were found to 

provide useful additional information, supplementing the current suite of welfare outcomes when 

differentiating between the welfare of birds reared in four different production systems. 

QBA provides a holistic assessment of the behavioural expression of commercial broilers while positive 

behavioural counts provide a tangible description of the behaviours being performed. The monitoring 

and reporting of positive behavioural measures creates an opportunity to shift the focus and emphasis 

of producers, and the wider chicken supply chain, away from provision of basic biological functioning 

and towards a ‘good life’.  
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Chapter 1 Introduction 

 

“What use is there in satisfying an animal’s vital needs, if the life the animal then 

lives is devoid of any enjoyment?”  

Yeates and Main (2008) 



Chapter 1 

2 

1.1 Introduction  

This introduction provides the context for this thesis. First, I discuss animal welfare, animal welfare 

assessment and positive animal welfare. Following this, I consider commercial broiler production, 

examining the domestication of broilers before providing an overview of the broiler industry and 

different United Kingdom (UK) broiler production systems. Finally, I discuss the key welfare challenges 

for, and behaviour of, commercial broilers.  

1.2 What is animal welfare? 

Animal welfare science was borne from a societal concern, particularly regarding the way in which we 

produced livestock. Animal welfare can be considered broadly under three, overlapping themes, to 

which different stakeholders attribute varying levels of importance (Figure 1). Some emphasise the 

importance of the basic health and fitness of the animal, others the affective state or subjective 

experience, the final theme concerns ‘naturalness’, an animal’s ability to live a ‘natural’ life (Fraser et 

al., 1997).  

 

Figure 1 The three overlapping themes regarding animals' quality of life as identified by Fraser et al. (1997) 

While some aspects of these themes of animal welfare are easier to measure, allowing some insight 

into an animals’ quality of life, others are harder to quantify. Furthermore, what is ultimately deemed 

acceptable, unacceptable or what should be done to enhance animal welfare is an ethical or value-

based decision (Broom, 2011). How livestock are produced and indeed how or whether science is 

implemented to assess or improve animal welfare has been influenced by decisions that are not 

devoid of personal values. Animal welfare is therefore both a science-based and value-based concept 

(Fraser, 2008).  



Chapter 1 

3 

1.2.1 Welfare assessment 

The assessment of animal welfare is a central component of animal welfare science. Through animal 

welfare science, welfare assessments are defined. Welfare assessments are further used to determine 

the impact of welfare enhancements or management practices. Welfare assessments for livestock 

production are based upon input measures (or resource-based measures), outcome measures (or 

animal-based measures) (Main et al., 2003), or a combination of the two.  

Input, or resource-based measures, determine what is provided to the animal throughout its life, or 

what can be seen to be provided at the time of assessment. Broad categories of input measures 

include but are not limited to: animal management routines; veterinary care; housing (e.g. overall 

space availability and enrichment provision); feed and water provision (e.g. diet, regularity of 

provision and space available for feeding); and the breed selected for the system. While input 

measures provide a description of the perceived welfare potential of a system, they do not consider 

the experience of the animals within the system. 

Welfare outcomes are metrics that describe how an animal’s innate traits interact with the 

environment in which they have lived and the care that they have received. Welfare outcomes are 

often promoted as providing a more direct insight into the animal’s experience than input measures 

alone (Main et al., 2007). Welfare outcomes include metrics of both physical health, such as disease 

status or levels of injury and behavioural expression.   

A variety of measures are required to demonstrate animal welfare due to its multidimensionality 

(Mason and Mendl, 1993). The standardisation of welfare assessment and the measures employed is 

a significant focus of animal welfare science. The European Union (EU) based project Welfare Quality® 

(2018) incorporates welfare outcome assessments of the physical condition and behaviour of animals 

alongside input measures to produce an aggregate welfare score. This holistic approach assesses 

animal welfare based on the four principles “good feeding”, “good housing”, “good health” and 

“appropriate behaviour”. Table 1 summarises the welfare criteria and measures for the Welfare 

Quality® (2009) assessment protocol for broilers. 

Welfare Quality® is considered a ‘gold standard’ assessment protocol, however, the time taken to 

undertake the assessment is prohibitive for its widespread use. Other protocols such as AssureWel 

(n.d.) have tried to create more practical welfare outcome assessments that can be completed within 

a shorter time. Alternatively, there have been explorations as to how Welfare Quality® (2009) 

assessment protocol might be shortened (Buijs et al., 2017). Similarly, there has been some focus on 

and attempts to define individual measures that are key indicators that are reflective of the overall 
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welfare of the animal. These measures are termed “iceberg indicators” (Farm Animal Welfare Council 

(FAWC), 2009).  

Table 1 Welfare measures for assessment of broiler welfare according to Welfare Quality® (2009) 

Principle Welfare Criteria  Measures (on-farm unless indicated) 

Good feeding 1 Absence of prolonged 
hunger 

Emaciation* 

2 Absence of prolonged 
thirst 

Drinker space 

Good housing 3 Comfort around 
resting 

Plumage cleanliness, litter quality, dust 
sheet test 

4 Thermal comfort Panting, huddling 

5 Ease of movement Stocking density 

Good health 6 Absence of injuries  Lameness, hock burn†, foot pad dermatitis†, 
breast blisters* 

7 Absence of disease  On farm mortality, culls on farm, Ascites*, 
dehydration*, septicaemia*, hepatitis*, 
pericarditis*, abscess* 

8 Absence of pain 
induced by 
management 
procedures 

This criterion is not applied in this situation 

Appropriate behaviour 9 Expression of social 
behaviours 

As yet, no measure is developed for this 
criterion 

10 Expression of other 
behaviours 

Cover on the range, free range 

11 Good human-animal 
relationship 

Avoidance distance test (ADT) 

12 Positive emotional 
state 

Qualitative behavioural assessment (QBA) 

*Measured at the slaughterhouse. † Measured at the slaughterhouse and on-farm 
 

Welfare assessments utilising input and outcome measures are implemented regularly within 

commercial livestock production. Assessments provide an opportunity to determine adherence to 

standards as well as allow for benchmarking or monitoring of producers or supply chains. Over the 

last 5-7 years there has been increased reporting of welfare outcomes across retail supply chains in 

the UK (KFC, 2021; Marks & Spencer, 2022; Waitrose, 2021). But opportunities for welfare 

enhancements exist beyond the measurement and documentation of welfare outcomes or inputs.  By 

including assessments of certain components of welfare, these components are highlighted as areas 

of importance. For example, some schemes make use of self-assessment to draw farmers attention to 

certain requirements or components of welfare (Main et al., 2001). Implementation of a measure in a 

defined way may also alter how the assessor approaches that aspect of welfare in the future. 

Historically, the majority of welfare assessments have focused on metrics descriptive of the negative 

experiences an animal. Similarly, welfare science has focused on removing or negating these negative 

experiences (Lawrence et al., 2019). Indeed, the most prominent and influential framework for animal 
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welfare, “The Five Freedoms” (FAWC, 1993) defines four ‘absences’ of negative situations such as ‘the 

absence from pain injury and disease’. Conversely, the development of concepts of ‘positive animal 

welfare’ looks to consider welfare from a perspective of providing opportunities for positive 

experiences (Yeates and Main, 2008).   

1.2.2 Positive animal welfare  

While there is no definitive definition of positive welfare, Lawrence et al. (2019), following a review of 

literature considering positive animal welfare, found four features: ‘positive emotions’; ‘quality of life’; 

‘happiness’ and; ‘positive affective engagement’ (“the experience animals may have when they 

actively respond to motivations to engage in rewarding behaviours, [incorporating] all associated 

affects that are positive” (Mellor, 2015)). Rault et al. (2020) more concisely consider there to be two 

views on, or approaches to, positive welfare that emerge from the literature.  The first view they term 

“hedonic positive welfare”. These are references to positive welfare that relate to an animal’s likes 

and wants, and the positive welfare outcome from accessing or attaining them. The second view they 

term “positive welfare balance” which pertains to an overall positive welfare state dependent on an 

animals’ positive experiences outweighing their negative experiences.  

Consideration of positive welfare is not confined to the scientific community, but has been proposed 

for inclusion within future policy. In 2009, FAWC, the UK’s government’s farm animal welfare advisory 

council, proposed that an animal’s quality of life should at least be a “life worth living”, and that “a 

good life” was optimal and aspirational for UK  livestock production (FAWC, 2009). While not directly 

referring to positive welfare, this report is reflective of the interest in and early emergence of positive 

animal welfare within the scientific community (Lawrence et al., 2019).  Figure 2 demonstrates the 

continuum from “a life not worth living” to “a good life”.  
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Figure 2 The concept of Quality of life for a farm animal  (adapted from: FAWC, 2009, Crown Copyright October 

2009. Contains public sector information licensed under the Open Government Licence v3.0.) 

FAWC further outlined four categories or “good life opportunities”: Comfort, pleasure, interest and 

confidence. While FAWC did not define the resources required for each good life opportunity, Edgar 

et al. (2013) outlines resources required by laying hens and Rowe and Mullan (2022) initiate the 

development of resource tiers for broilers as well as beef cattle and pigs.  The later authors discuss 

how a resource-based approach is the best starting point in lieu of validated positive welfare outcomes 

such as behavioural responses.  

A change in focus towards positive welfare science has the potential to significantly alter our approach 

to farm animal welfare. Lawrence et al. (2018) concludes that a shift in focus of welfare science could 

result in several improvements. Firstly, greater insights into the emotional states of animals and the 

role of positive emotions in positive welfare. Secondly, a shift in emphasis from small reductions in 

negative welfare impacts to more innovative and revolutionary changes to maximise positive impacts. 

Finally, greater effectiveness in human behavioural change in caring for animals in supply chains, by 

focusing on positive change.  
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1.2.2.1 Positive welfare assessment 

Considering Rault et al’s (2020) two approaches to positive welfare, “A life worth living” would include 

some positive welfare aspects in terms of meeting the needs and wants of the animals (hedonic 

positive welfare) and being in overall positive welfare balance (Figure 2). The two approaches are not 

distinct, but complimentary and both approaches should be considered when defining measures of 

positive welfare. For example, hedonic positive welfare experiences contribute to an overall positive 

welfare state but, in excess, may not be beneficial for an animal overall. The case of the broiler is a 

prime example. Broilers are fed ad libitum and are highly motivated to feed. The positive experiences 

of feeding however, over the long term, may be detrimental to their health and their ability to perform 

other behaviours they are motivated to perform. Simply measuring feeding behaviour alone is not 

sufficient to measure welfare. Measurement or assessment of hedonic positive welfare indicators 

should therefore be considered within a holistic context of overall welfare state. As welfare is 

multidimensional and there is not one ‘correct’ measure (Mason and Mendl, 1993), positive welfare 

will similarly require a suite of metrics to better understand and improve the experiences of animals.  

Positive animal welfare assessments are likely to require both input and outcome measures and only 

by observing animals will we be able to add to the picture that describes the experience of animals 

within a system (Dawkins, 2003). Indeed as Rowe and Mullan (2022) highlight there is a lack of 

validated positive welfare outcomes such as behavioural responses. This thesis explores positive 

behavioural outcome assessments for the UK’s most numerously produced livestock species 

(Department for Environment, Food and Rural Affairs (DEFRA) 2022a): the commercial broiler chicken.  

1.3 Domestication of broilers  

Broilers refer to the types of chicken that are produced solely for meat consumption. Today’s 

domesticated chicken belongs to the genus Gallus. This genus includes the other morphologically 

distinct species: the Red junglefowl (Gallus gallus), the Grey junglefowl (Gallus sonneratii), the Ceylon 

or Sri Lankan junglefowl (Gallus  Iafayettii) and the Green junglefowl (Gallus varius). The domesticated 

chicken’s primary ancestral species is the Red junglefowl with evidence for introgression from the 

Grey, Green and Sri Lankan junglefowl (Lawal et al., 2020). Chickens for meat and egg production have 

a complex history of domestication spanning over the last tens of thousands of years with multiple 

independent domestication events (Miao et al., 2013; Sawai et al., 2010). Red junglefowl can still be 

found in Indonesia, India, Malaysia, the Philippines, and China. Their habitat varies. They can be found 

at field edges, in most types of forest, groves and scrublands (Al-Nasser et al., 2007).  
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Chickens were historically primarily kept for aesthetic, socio-cultural or entertainment purposes 

including rituals such as the cockerel to announce dawn, and cock fighting (Lawal and Hanotte, 2021). 

There is scant evidence as to when chickens were first kept for egg or meat production but it was not 

until the 20th century that commercial breeding companies started selecting for growth and 

reproduction related traits for meat and egg production (Elferink et al., 2012).  

Domestication affects the internal and external morphology of animals, their physiology and their 

development (Jensen, 2006). Broilers have been intensively selected for fast growth rates, increased 

efficiencies and increased meat yields. Today’s broiler chicken can reach a weight of 2.47 kg in as little 

as 37 days (Cobb Vantress., 2018). Feed Conversion Ratio (FCR) and age to slaughter has reduced, and 

conformation and yield significantly altered through selective breeding of broilers, particularly over 

the last 50 years (Zuidhof et al., 2014).  The fast growth rate and FCR of broilers has facilitated chickens’ 

popularity as a protein source. 

1.4 The broiler industry 

Chicken meat is the world’s most consumed source of animal protein, by weight (Organization for 

Economic Co-operation and Development (OECD) 2022). It is eaten across a diverse range of cultures, 

religions and traditions. Global demand for chicken has been growing in recent decades due to 

population growth, urbanisation and the increasing income of people from developing countries (Food 

and Agriculture Organisation of the United Nations (FAO), 2022). Demand for poultry meat is further 

expected to grow globally as consumers see it as a healthier, less environmentally and economically 

costly protein source compared with beef, lamb or pork (OECD/FAO, 2021). The United States, 

followed by Brazil and China are the biggest producers of chicken in the world. In 2021, 100.53 million 

metric tons of chicken meat was produced globally, and of that, the UK produced 1.8 million metric 

tons (United States Department of Agriculture (USDA) 2022) equating to over 20 million broilers 

slaughtered per week (DEFRA, 2022a). The UK is a net importer of poultry meat driven by a demand 

for breast meat (Ryan, 2018).  

The UK broiler industry is a significant contributor to UK economy, generating £1bn in tax revenue per 

annum (British Poultry Council, 2020). The industry directly employs over 37,000 people. Around 

28,000 people are employed in poultry meat processing and 9,000 people employed in poultry 

production and farming  (Oxford Economics as cited by Cowan and Morrin, 2018). In 2020, around 

60% of those employed within the poultry industry were European Union (EU) nationals (British 

Poultry Council, 2020).  
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1.4.1 Overview of UK broiler production 

The production of commercial broilers is as follows: Prior to the production of the broiler chick itself, 

a series of great grandparent and grandparent flocks of broiler breeders are kept solely for breed 

selection and development. Fertile hatching eggs from the grandparent flocks are sold for hatching as 

a parent flock. Parent flocks are then kept solely to produce eggs that will be hatched and reared as 

broilers. From these parent flocks, fertile hatching eggs are collected and taken to a commercial 

hatchery where they will be incubated for 21 days, hatched, and sold as day old broiler chicks. At day 

old, the chicks arrive at the farm where they grow until they reach the intended liveweight for 

processing, or an age at which they are then moved to houses with outdoor access for free range or 

organic production. For processing, birds are caught and transported where they are typically stunned 

before slaughter (Figure 3). The UK average liveweight at slaughter is 2.40 kg (DEFRA, 2022a) however 

this varies depending on the production system and marketing requirements.  

 

Figure 3 Production cycles for broilers (Reprinted with permission of Andy Butterworth) 

1.4.1.1 UK broiler production systems 

In the UK there are several production systems in which broilers may be housed, defined by their input 

standards. These can be broadly categorised as Organic, Free Range, Higher welfare assured indoor, 

UK Certified and UK ‘basic’ production. Table 2 outlines the key features of these different UK 

production systems.   
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Table 2 Key features of different UK broiler production systems 

 Organic Free Range 
Higher welfare 
assured indoor 

UK Certified UK ‘basic’ 

Example 3rd 
party 
assurance 
scheme and 
label 

 

   
 

None 

Outdoor access Yes Yes No No No 

Stocking 
density 
(indoors) 

from 21 kg/m2 
to 30 kg/m2 

< 27.5 kg/m2 
(indoor) 

< 30 kg/m2 <38 kg/m2 <39 kg/m 

Enrichment 
(including 
natural light) 

Yes Yes Yes Yes No  

Breed  Use of “slow 
growing” 
breeds OR 
grown to 
defined age 

Use of “slow 
growing” 
breeds not 
mandatory 
 
RSPCA require 
use of higher 
welfare breeds 
as defined by 
RSPCA 

Higher welfare 
breeds 
mandatory 
(scheme 
define 
accepted 
breeds) 

Any Any 

Age at 
slaughter  

≥81days ≥56 days No minimum 
age 

No minimum 
age 

No minimum 
age 

 

Organic production must comply with the EU Commission Regulation (EC) 889/2008 and is regulated 

in the UK by approved control bodies such as The Soil Association or Organic Farmers and Growers 

(DEFRA, 2020). Organic broilers must have outdoor access for at least a one third of its life, are kept 

in small flock sizes (up to 4,800 birds), and require longer production cycles via the use of slower 

growing breeds or not slaughtering broilers before 81 days of age (EC 889/2008).  Organic poultry 

production in the UK is relatively small, however in 2021 organic broiler production peaked at just 

over four million birds produced (Statista, 2022). In June 2021 organic broiler production represented 

1.5% of total UK broiler production (DEFRA, 2022). 

The labelling of free-range broilers is defined by the special marketing terms as outlined in EU 

Commission Regulation (EC) 534/2008. This regulation also standardises the use of terms “fed with … 

% …. “, “extensive indoor (barn reared)”, “traditional free range” and “free range – total freedom”. 

Other than “free range” and “fed with … % …“ which states feed composition only, the other marketing 

terms are seldom used in the UK. Retailers may sell own-label free range chicken or make use of an 
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assurance scheme label. The UK assurance schemes Red Tractor and the Royal Society for the 

Protection of Animals (RSPCA) Assured both audit and approve free range farms against their 

standards (Red Tractor, 2019; RSPCA 2017a). Free range broilers are reared for 56 days, must have 

access to a range for more than half their life, have access to perches, and are stocked inside to a 

maximum of 27.5 kg/m2 (EC 534/2008).  There is no maximum flock size.  In 2017, the British Poultry 

Council estimated that free range accounted for 3.5% of the total broiler market (Griffiths, 2017).  

Higher welfare assured indoor production is the middle-segment of broiler production in the UK. 

Recent NGO campaigns, the European and North American “Better Chicken Commitments” (ECC and 

BCC respectively), are targeting food companies to meet specified requirements to “best mitigate […] 

the most pressing welfare concerns relating to broiler production” (BCC, 2019; ECC, 2018). In the UK, 

these requirements aligned with the long-established RSPCA Assured Indoor standard (RSPCA 2017a) 

and in 2020, Red Tractor launched their own “Enhanced welfare” standard which also assures against 

the BCC criteria. Chickens labelled with RSPCA assured or Red Tractor Enhanced Welfare are from 

slower growing breeds that have been stocked at a maximum of 30 kg/m2. Birds also have access to 

natural light and enrichment such as perches, pecking objects and bales. RSPCA assured indoor 

production is around 1% of total UK chicken production (RSPCA, 2022).   

Retailer specifications are private standards that may or may not be audited by a third party. Retailer 

standards may differentiate from European and UK ‘standard’ production through use of lower 

stocking densities (e.g. Sainsbury’s, 2022).  

All UK production is grown according to Council Directive 98/58/EC concerning the protection of 

animals kept for farmed purposes and the European Council Broiler Directive (2007/43/EC). This is 

implemented through the Welfare of Farmed Animals (England) Regulations 2007. UK broiler 

production deviates from European minimum standards, as UK legislation does not permit stocking 

densities over 39 kg/m2 (DEFRA, 2018) compared with the maximum of 42 kg/m2 specified by the 

European Council Broiler Directive (2007/43/EC). Furthermore, since 2020 Red Tractor ‘certified 

standard’ (basic welfare requirements), which assures 90% of UK poultry farms (Red Tractor, 2022), 

also requires the provision of natural light and enrichment and that birds are stocked at a maximum 

of 38 kg/m2 (Red Tractor, 2017). The majority of UK broilers are therefore grown to higher welfare 

input standards than European basic provisions.  However, UK broiler production is far from free of 

welfare challenges.  
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1.5 Broiler Welfare 

1.5.1 Key welfare challenges for commercial broilers 

The intense selection for fast growth rates as well as the intensive, large-scale production of chicken 

has resulted in a variety of welfare challenges for broilers. The welfare of broilers has been reviewed 

in detail by Bessei (2006) and Meluzzi and Sirri (2009), and slightly more recently, De Jong et al. (2012). 

While these reviews are over 10 years old, the key on-farm welfare challenges persist:  

1) Poor survivability. Commercial broilers experience high rates of mortality and on-farm 

culling with 3-5% total mean mortality reported in the UK (KFC, 2021; Mullan et al., 2021).  

2) Poor Mobility or lameness due to interacting factors including fast growth rate can result 

in birds experiencing pain (Danbury et al., 1997) and unable to access resources (Weeks et al., 2000).  

In 2008, Knowles et al. (2008) found that 27.6% of broilers showed “obvious” or “severe” gait defects, 

or “complete lameness” impacting upon their welfare. However, there is some suggestion that 

mobility has improved with genetic selection since 2008, as a more recent study of Norwegian broilers 

found 5.4% of broilers within this category  (Tahamtani et al., 2018).  

3) High levels of injuries and disease such as contact dermatitis (hock burn, pododermatitis 

and breast blisters), ascites, sudden death syndrome, wooden breast syndrome, or injuries from 

handling or catching. For example, 37.07% and 14.42% of birds had lesions from pododermatitis and 

hock burn respectively in 2020 within one UK supply chain (KFC, 2021).  

4) Behavioural restriction due to inappropriate housing conditions (dark, barren, densely 

stocked) or physical restriction resulting from challenges 1-3. 

These challenges may be addressed, or partially addressed, by improved housing and management 

practices (Dawkins et al., 2004) or by use of alternative genetics such as ‘slower growing breeds’ 

(Baxter et al., 2021; Dixon, 2020; Santos et al., 2022; Torrey et al., 2021).  There has been substantial 

focus of welfare science  on the first three challenges relating to physical health, aiming to understand 

risk factors and promote better biological functioning. To date, the behavioural restriction, and its 

assessment has been less well studied and is the focus of this thesis.  
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1.5.2 Behaviour of broilers  

Behavioural differences between domesticated and wild type animals are associated with increased 

resource allocation for growth and reproduction (Jensen, 2006). Differences in fear response to 

humans are also well associated with domestication (Schütz et al., 2004). Domestication has changed 

the frequencies of behavioural patterns rather than eliminating or adding behaviours completely 

(Kaiser et al., 2015).  

1.5.2.1 ‘Behavioural needs’ and Positive behaviours 

Behavioural needs are considered to be behaviours that are predominantly internally driven (Duncan, 

1998), are instinctive and will be performed irrespective of the environment in which the animal is 

kept (Weeks and Nicol, 2006). They are also behaviours which, if their performance is restricted, may 

result in suffering (Jensen and Toates, 1993). The concept of behavioural needs gave rise to 

researchers attempting to create a check-list of basic behavioural requirements (e.g. Duncan, 1998). 

However, dichotomisation of behaviours into those that are ‘needs’ and those that aren’t risks 

prioritisation of behaviours that just enable survival but not necessarily those that bring positive 

experiences and therefore enrich the life of the animal, in line with positive welfare. For example, play 

behaviours may not be a ‘behavioural need’ under the definitions above. Play behaviours are 

‘opportunity behaviours’ that are not observed when conditions are poor (Held and Špinka, 2011) and 

as such will not be performed irrespective of the environment (Weeks and Nicol, 2006). Shifting our 

focus from behavioural needs to positive behaviours moves away from provision of minimum 

standards. I consider positive behaviours to be behaviours that animals are motivated to perform and 

are associated with positive emotional and physical state within the context in which they are 

performed. Positive behaviours of course will contain some behavioural needs but are differentiated 

in that they go above the baseline behaviours required purely to survive. Positive behaviours therefore 

contribute beyond a ‘life worth living’ and towards ‘a good life’. 

The complete behavioural repertoire of broilers has been documented several times within detailed 

ethograms  (e.g. Abeyesinghe et al., 2021). When specifically considering positive behaviours for 

broilers, I consider the following categories of natural behaviours that broilers are motivated to 

perform: Comfort, Play, Exploration and Safety. These can be broadly mapped onto the ‘good life 

opportunities’ comfort, pleasure, interest and confidence, respectively. The comfort category includes 

the specific behaviours such as preening and dust bathing behaviour, representing the maintenance 

of broiler feather condition. Dustbathing is an important behaviour for broilers that they are highly 

motivated to perform (Vestergaard and Sanotra, 1999). The Play category includes behaviours such as 

worm-running, wing flapping, jumping and running, these are energy-demanding, spontaneous and 
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self-handicapping behaviours performed in a non-life-threatening context (Spinka et al., 2001). 

Exploration includes ranging (in free-range systems) and foraging (ground scratching or pecking), 

representing finding or revealing aspects of the physical environment. Broilers will exhibit contra 

freeloading, actively working to access substrate with hidden feed even when feed can be more easily 

obtained (Lindqvist et al., 2006).  Finally, safety includes perching. Chickens are motivated to seek 

night time roosting on perches as an anti-predator behaviour (Newberry et al., 2001). For broilers, 

elevation is preferentially sought on platforms as the use of platforms for these heavy birds does not 

require such good balance (Norring et al., 2016). Behaviours are considered positive within the context 

in which they are performed, for example perching is a positive behaviour within a commercial 

environment and in the absence of predators. 

1.5.2.2 Positive behavioural assessment of broilers 

To date, there has been limited assessment of behavioural indicators for positive welfare in 

commercial broilers.  QBA has been included within the Welfare Quality® (2009) protocol for broilers, 

as the on-farm assessment for “positive emotional state” as part of the “appropriate behaviour” 

welfare principle (Table 1). Developed by Wemelsfelder et al. (2000), QBA is a welfare outcome 

assessment methodology for quantifying the behavioural expression of animals. QBA makes use of 

observer rating scales to score animals against sets of terms describing their overall demeanour, or 

body language (Wemelsfelder et al., 2000). QBA has been successfully applied to a range of farm 

animals such as pigs (Rutherford et al., 2012), dairy cows (Andreasen et al., 2013), goats (Grosso et al., 

2016) and sheep (Phythian et al., 2016). There has been limited use of QBA for broilers within 

commercial broiler production, indeed, there is scepticism regarding its validity for broilers (de Jong 

et al., 2015). Furthermore, there has been no exploration of the use of positive behaviours specifically 

as an assessment methodology for positive welfare.  
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1.6 Conclusion 

Commercial broilers are numerous and, globally, chicken meat production and consumption are 

expected to increase. Broiler production systems currently provide varying opportunities for 

behavioural expression and freedom. However, producing broilers within a defined system does not 

mean that birds will make use of resources nor does production within a defined system equate to 

good welfare. Welfare outcome measures provide insight into the experiences of animals and are 

required to compliment input standards. Current welfare outcome assessments and metrics align to 

the concept of reducing negative impact and are typically related to the physical health of the bird. 

However, a shift in focus towards positive welfare provides an opportunity to transform how we 

approach the welfare of livestock. Furthermore, the use of positive behavioural outcome measures 

may transform how we can provide commercial broilers with ‘a good life’.  

1.7 Aims  

This thesis aims to investigate two approaches to positive behavioural outcome assessments: QBA and 

positive behaviour counts. First, I systematically review the behavioural measures used for broiler 

chickens. I then explore the implementation of QBA as an assessment methodology by broiler 

producers, the wider consequences of implementing QBA, as well as the novel application of QBA as 

a training tool. Finally, I evaluate four broiler production systems using QBA and positive behaviour 

counts alongside a suite of ‘traditional’ negative outcome measures establishing the value of such 

measures within a welfare assessment protocol. The application of positive behavioural outcome 

measures for broiler production will allow us to better understand and manage current systems, or 

design and implement novel systems, driving improvements in commercial broiler production towards 

a ‘good life’.  

1.8 Progression of studies 

The studies described in this thesis are divided into four experimental chapters. Investigations begin 

in Chapter 2 where I undertake a systematic literature review of behavioural measures for broiler 

production. This chapter provides an overview of broiler behavioural assessment from the published 

literature to better understand what is meant by and required from a behavioural assessment. 

Chapter 3 describes the first application of QBA by commercial broiler producers in a modified free 

choice profiling (mFCP) exercise and an exploration into whether applying QBA affected producers’ 

approach to animal welfare or behavioural expression. Chapter 4 explores a novel application of QBA, 

investigating whether QBA aids in training producers in the recognition of positive behaviours. Finally, 
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Chapter 5 demonstrates the practical application of QBA and positive behaviour counts alongside 

traditional negative welfare outcomes to explore the welfare of different breeds of broilers stocked 

at two different stocking densities. Chapter 6 concludes this exploration and discusses the future 

application of positive behavioural assessments for broilers.  

1.9 Ethical statement 

This research was carried out with the approval of the Faculty of Health Sciences Research Ethics 

Committee (32001) and the University of Bristol Animal Welfare and Ethics Review Body 

(UB/16/048) and in accordance with UK legislation.  
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Chapter 2 A systematic literature review of 

behavioural measures for broilers 

 

“The problem is not that we do not have enough individual measures. On the 

contrary, the problem is that we have so many and the picture that emerges is 

made up of fragments of evidence that may contradict each other” 

Dawkins (2003) 
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2.1 Abstract 

A behavioural measure is one where an aspect of an animals’ behaviour is monitored and recorded. 

Behavioural measures provide information regarding the emotional and physical state of an animal as 

well as providing insights into an animals’ preferences or needs. There is a need to better define what 

is meant by, or required of, behavioural measures for broilers. This systematic review provides an 

overview of behavioural assessment for broilers through the synthesis of published peer-reviewed 

literature obtained from the Web of Science, CAB abstracts and Ovid Medline databases. Following 

initial screening, 312 records were included within the analysis. Ten categories of behavioural 

measures were identified from the records. Records were then assigned within the categories 

according to the types of measure(s) employed within the research. Categories of measures were 

Feeding behaviour only; Direct observational measures of (non-feeding behaviours); Activity or 

movement; Distribution or Location; Acoustic monitoring; Walking ability; Fear and Anxiety; 

Motivation or preference tests (including tests of sociality); Behaviour at catching, transport and 

slaughter; and Qualitative Behavioural Assessment (QBA). Each category of measure is evaluated and 

the potential for its application within commercial broiler production considered. Within the records, 

a large range of behavioural measures, or behavioural based welfare measures were applied and 

considered all aspects of broiler production and welfare. In general, measures employed focused on 

production parameters, for example feeding behaviour, or negative challenges to broiler welfare such 

as walking ability or fear. Alternatively, behaviour has been broken down into easily measurable 

components such as activity which risks oversimplification the breadth of information that is being 

provided by the behaviour of the birds. In line with the advancement of the concept of positive animal 

welfare there is an opportunity to develop and implement a behavioural measure that aids in the 

promotion of a ‘good life’. 
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2.2 Introduction 

In order to effectively manage and improve farm animal welfare, it must be measured (Grandin, 2020). 

Robust, practical metrics are therefore required to understand the impact of farming practices and 

determine where improvements can be made. Welfare outcome measures, sometimes known as 

animal-based measures, provide  objective assessments of welfare, irrespective of the production 

system in which the animal is housed (Webster et al., 2004). Welfare outcomes can describe how an 

animal’s innate traits have interacted with the environment in which they have lived, and the care 

that they have received. Welfare outcome measurements are often promoted to give a more direct 

insight into the animal’s experience than inputs alone and include metrics of both physical health and 

behavioural expression (Main et al., 2007).   

The general and widespread interest in welfare outcomes led to the formulation of standardised 

welfare assessment protocols for pigs, poultry and cattle, Welfare Quality® (2018). Welfare Quality® 

is considered a ‘gold standard’ assessment of welfare incorporating many welfare outcome 

assessments. However, the time taken to undertake this assessment limits its potential for application 

beyond, and even within, a research setting. Alternative protocols such as AssureWel (n.d.) have tried 

to create a more practical welfare outcome assessments that can be completed within a shorter time. 

Both assessment protocols include assessments of the physical condition and behaviour of the birds 

as well as some input assessments. 

In the UK and EU, basic welfare outcome monitoring of on-farm cumulative daily mortality, Dead on 

Arrivals, and post-mortem inspection results are required within the European Broiler Directive (EC, 

2007), translated in the UK into The Welfare of Farmed Animals (England) (Amendment) Regulations 

(2010).  Results are used to permit the use of higher stocking densities (up to 39 kg/m2 (UK) or 42 

kg/m2 (EU) rather than 33 kg/m2). Welfare outcomes are also incorporated into voluntary standards. 

The dominant UK farm-assurance standard, Red Tractor (Red Tractor, 2017), requires monitoring of 

daily mortality and assurance includes a review of records for the welfare outcomes pododermatitis 

and hock burn. Furthermore, retailers and food service companies require welfare outcome reporting 

across their supply, and are increasingly reporting welfare performance publicly (e.g. KFC, 2021). To 

date, legislative requirements and public welfare outcome reporting predominantly relate to the 

physical health of the bird only and not its behaviour.  

Assessment of the physical health of an animal alone is not sufficient to determine its welfare. 

Behaviour of animals can provide us with valuable information regarding their welfare. A behavioural 

measure, or behavioural assessment, is one where an aspect of an animals’ behaviour is monitored 

and recorded. By implementing behavioural measures, we can gain information regarding the 
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emotional and physical state of an animal (Broom, 2010), we can also determine how an animal 

chooses to spend its time, providing insights into its preferences and needs (Dawkins, 2003). Critiques 

of external welfare reporting often cite a need for an assessment of the behaviour of animals.  For 

example, The RSPCA Broiler Breed Welfare Assessment Protocol (RSPCA 2017b) is an outcome-based 

protocol for determining acceptance of new breeds for production under the RSCPA Assured standard. 

The protocol focuses predominantly on health outcomes but requires a video showing the ‘general 

behaviour and activity of the birds. However, how this video should be or is interpreted is not stated.  

There is a need to better define what is meant by, or required of, behavioural measures for broilers.  

The aim of this systematic literature review is to provide an overview of behavioural assessment for 

broilers through the synthesis of published novel research. A systematic literature review uses 

defined, explicit methods to select and critically appraise relevant research (Moher et al., 2009). 

Throughout this review I summarise and evaluate the measures employed within the literature; I then 

consider the application of the categories of measures in terms of their relevance for, and practicality 

to implement within, commercial broiler production.  

2.3 Materials and Methods  

2.3.1 Literature search  

A systematic search for published peer-reviewed literature on the use of behavioural measures for 

broilers was conducted initially on the 15th of February 2021 then updated on the 15th of March 2022. 

Searches were performed on the Web of Science, CAB abstracts and Ovid Medline databases. 

2.3.2 Search terms and strategy 

The following terms were selected for inclusion within the search: Broiler, behaviour, assessment, 

measure. Broiler was combined with behavioural assessment with the Boolean operator ‘AND’ and 

‘OR’ was used to provide records using the term assessment or measure. Asterisks were used to 

account for American and UK spellings. The search was therefore as follows: Broiler and behavio*r* 

and (assessment* or measure*). 

For the Web of Science search, the search fields were “topic” (encompassing title, abstract, author 

keywords and keywords plus). For CAB Abstracts and Ovid Medline, the search fields were “all fields” 

A date range was specified for extraction of records published between 1995 and ‘current’ covering a 

25 year period at the time of planning the search strategy .  
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2.3.3 Screening  

Initial screening was undertaken for the following criteria: 

1) The record could be accessed - If the record could not be accessed through the University of 

Bristol’s subscriptions, a google search of the record title would be conducted. If the record 

could not be accessed further, a final search on ResearchGate was undertaken.  

2) The record was written in English. 

3) The record was pertaining to research conducted on broilers (broiler breeders, other 

poultry, other animals were excluded). 

4) The record was a peer reviewed publication describing novel research (reviews, books and 

conference abstracts were excluded). 

2.3.4 Eligibility 

Eligibility for inclusion was assessed based on the use of a formalised measure or assessment of broiler 

behaviour within the record. The following definition for behavioural measure or assessment was 

applied: A behavioural measure, or behavioural assessment, is one where any aspect of an animals’ 

behaviour is monitored and recorded.  Records that included anecdotal observations of behaviour but 

did not specify the methodology were excluded. 

2.3.5 Record Categorisation  

Each record was categorised according to the trial type, following the hierarchy described in Table 3. 

Each of the behavioural assessment methods employed within the record were noted. The 

categorisation of measures developed iteratively following familiarisation with the records. Once the 

categories of measures had been finalised and records assigned to relevant categories, the records 

were re-read, and further sub-categories and measures described in order to synthesise the 

information from the records. Subcategories and measures are stated at the start of each section 

summarising the findings for each category of measure within the results. Apart from the categories 

‘year’ and ‘trial type’, records could employ more than one category or subcategory of measure. 
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Table 3: Descriptions of categories for records 

Classification Description  

Year The year the record was published 

Trial type  Records were categorised according to the purpose and location of the research 
utilising the following hierarchy: Records were first categorised according to 
categories 1 and 2, if neither of these categories they were then categorised 
according to descriptions 3, 4 or 5. 

1) Transport/Slaughter/Stunning/culling trial: The research explores 
components of broiler production at the end of the birds’ life. 

2) Free range trial: The research was undertaken on a facility where birds 
had outdoor access (includes both free-range commercial farm trials and 
free-range trials undertaken at an experimental facility). 

 
3) Experimental facility: The research was undertaken within pens or cages, 

indoor, at an experimental facility where the primary purpose of the 
facility is for research.  

4) Commercial farm trial: The research was undertaken on an indoor 
commercial-scale farm where the primary purpose of the farm is 
commercial broiler production. 

5) Experimental facility and Commercial farm trial: The record detailed 
research undertaken at both an indoor experimental facility and an indoor 
commercial farm 

 

Measure employed within record 

Only consider feeding 
behaviour  

The record undertakes a measure of feeding behaviour only.  Excludes records that 
only measured weight and did not relate this to feeding behaviour or feed intake. 
Feeding behaviour is related to the consumption of feed, typically at a feeder, and 
does not include feeding-related behaviours such as foraging.   

Direct observational 
measures of (non-
feeding) behaviour  
 

The record employs a direct observational measure of behaviour to determine the 
frequency and, or durations of behavioural events or states. Such methodologies 
include defined behavioural sampling and recording rules and often make use of 
an ethogram of specified behaviours.  

Activity or Movement  The record employs a measure of or discusses the overall activity or movement of 
the broilers  

Distribution or 
Location 

The record employs a measure of the distribution or location of the broilers  

Walking ability The record considers a measure of walking ability, or lameness of the birds. 
Records including measures such as distance travelled, time spent walking were 
only included if they directly related the measure to walking ability or lameness.  

Acoustic monitoring The record employs a method of monitoring sound or vocalisations of the broilers  

Fear or Anxiety The record employs a test specifically relating to assessment of fear or anxiety. 

Motivation/preference 
tests 

The record employs a test specifically relating to assessment of motivation to 
access, or preference for resources, including tests of sociality 

QBA The record undertook Qualitative Behavioural assessment 
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2.4 Results and Discussion  

A total of 741 records resulted from the search strategy and were screened. Three hundred and twelve 

of these were eligible for inclusion in the systematic literature review (Figure 4).  

 

Figure 4 flow diagram of information through the different phases of the systematic review in accordance to 

PRISMA recommendations (Moher et al., 2009) 

The full list of included records and the category, or categories of measures employed within the 

research are detailed within Appendix 1. Figure 5, Table 4 and Table 5 summarise the record 

characteristics.  
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Within the date range specified there was a steady rise in the number of records published each year 

(Figure 5). In a systematic review of farm animal welfare literature exploring animal-based measures 

codified terms, Brscic et al. (2021)  saw a similar increase over time with more recent records making 

use of terms around animal-based measures. In their review, they attribute a peak observed in 2009 

to the finalisation and availability of the Welfare Quality protocols. The results of my review show a 

slight increase in the use of behavioural measure or assessment in 2008. This is perhaps in line with a 

change in approach to animal welfare assessment which culminated in the Welfare Quality protocols. 

A second period of increased use of behavioural assessment or measures appears around 2017. These 

figures do not take account of the total number of animal welfare publications. The increase in 

publications in 2020 and 2021 may be due to an increase in the use of these terms or due to the 

COVID-19 pandemic, researchers having the time to publish research they were yet to publish 

(Squazzoni et al., 2021).  

 

Figure 5 Percentage (and number, indicated on the data label) of included records by year. Records from 2022 

are up to 15th March 

The majority of records undertook research within an experimental facility and only 16.99% of records 

were implemented within a commercial farm (Table 4).   

Undertaking research within an experimental setting may allow for better control of the 

environmental conditions and management of the birds ensuring certainty over any effect of 

treatment being explored (emphasising internal validity of findings). Undertaking trials within a 

commercial farm can pose difficulties if research requirements conflict with the production practices 
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for that farm. There is merit in both approaches- while research within an experimental facility may 

be practically more feasible, research within a commercial farm provides more true-to-life results 

(emphasising external validity of findings).   

Table 4 Number and percentage of records within each trial type category 

Trial type category n % 

Commercial indoor farm trial  53 16.99 

Experimental indoor facility 214 68.59 

Experimental indoor facility and Commercial indoor farm 3 0.96 

Free range trial (Including experimental and commercial farm trials) 19 6.09 

End of life – Catching/Transport/Slaughter/Stunning/culling trial  22 7.05  

Unknown  1 0.32  

 Total 312 100% 

 
Walking ability (33.65%) was the largest category of measure employed within the records, followed 

by Observational measures of (non-feeding) behaviour (31.41%) (Table 5). Only 5% of records 

employed measures of ‘Motivation to access, or preference for resources’ in their studies.  

Table 5 Number and percentage of records employing a measure within each measure category (more than one 

measure could be employed in a single record). 

Measure category n % 

Feeding behaviour only  71 22.76  

Observational measures of (non-feeding) behaviour(s) 98 31.41  

Activity or movement  76 24.36  

Distribution or Location  37 11.86  

Acoustic monitoring 23 7.37  

Walking ability 105 33.65  

Fear and Anxiety tests 66 21.15  

Motivation to access or preference for resources (including tests of 
sociality) 16 5.13  

Behaviour at catching, transport and slaughter 22 7.05  

Qualitative Behavioural Assessment 12 3.85  

  
Each category of behavioural measure is discussed in detail below. I discuss how the measures are 

applied throughout the records, the purpose of the measure and the relevance to commercial broiler 

production and welfare assessment. 
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2.4.1 Feeding behaviour only 

Table 6 Number of records using each measure of feeding behaviour (records contain a measure of feeding 

behaviour only) 

Subcategory Measure 

Number 
of 
records  

Indirect measures of feeding behaviour: performance trails   

 Feed intake / FCR Only 50 

 FCR/Feed intake alongside other measures 16 

Direct measures or Feeding traits   

 Pecking rate  1 

 Pecking strength/force  2 

 Biomechanical motions of pecking 1 

 Meal length/duration of visit to feeder 6 

 Number of meals/visits to feeder  2 

 Interval length between meals  1 

 Visits to feeder per meal   1 

 Meal size 1 

 Non-feeding time within a meal 1 

 Proportion of meal spent feeding 1 

 Feeding rate  1 

 Presence/absence from feeder/scan samples of no of birds feeding  3 

 How birds accessed/left the feeder (free vs fight) 1 

Specific assessments related to feeding behaviour  

 Preference test  3 

Automated   

 Automated - FCR/Feed intake   6 

 Automated - measure of biomechanical motions of pecking  1 

 Automated - Identification and measurement of individual birds feeding  2 

Total number of records containing a measure of feeding behaviour only 71 

 

Of the included records, 22.76% (n=71) contained a measure of feeding behaviour only. I considered 

feeding behaviour to be directly related to the consumption of feed, typically at a feeder, and do not 

include feeding-related behaviours such as foraging. The fast growth rate of broilers and selection for 

low Feed Conversion Ratio (FCR - the relationship between one unit of feed consumed and one unit 

of weight gained) has facilitated chicken’s popularity as a protein source. It is therefore unsurprising 

that research into broilers commonly measure feeding behaviour in some way. Feeding behaviour is 

typically measured to determine production performance, to ensure adequate feed consumption, to 

determine feed preferences and to understand feeding motivation better. Feeding behaviour may be 

measured indirectly via the outcome of this behaviour, or the related performance traits (Howie et 

al., 2011) for example, body weight gain or FCR. Feeding behaviour of an animal may also be measured 

directly. Feeding traits (Howie et al., 2011) consider the various components of the behaviour or the 
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specific display of the behaviour. Examples include meal length, and time between feeding bouts. 

Feeding traits may be used to infer performance traits. Furthermore, specific assessments related to 

feeding behaviour may be implemented such as preference tests. Feeding related performance traits, 

feeding traits and assessments related to feeding behaviour are discussed below. Records that simply 

measured the weight of the birds but did not consider this within the context of feeding behaviour 

(e.g., body weight gain or FCR) were excluded during the Eligibility phase of record screening. 

2.4.1.1 Indirect measures of feeding behaviour - Performance traits  

FCR is the most commercially relevant measure and a significant performance metric in broiler 

production. Of the 71 records that measured feeding behaviour only, 67 considered FCR or feed 

intake. FCR has a direct impact upon the economic gains within broiler production (Aviagen, 2011). 

FCR is commonly measured when exploring different production or management practices. Most 

records determine FCR by monitoring feed intake by measuring quantity of feed provided, manually 

weighing the feed remaining then relating this to the weight gain of the birds. Alternatives to manual 

weighing of feeders include placing feeders on scales linked to a computer that record feeder weight 

at 1 second intervals (Cassy et al., 2004) and video-taped scales where the videos could later be 

interpreted (Quentin et al., 2004). Problems with monitoring feeder weight or manual weighing of 

feeders include possible overestimation of feed intake due to feed wastage by the birds or persons 

giving the food (personal observations).  

2.4.1.2 Direct measures of feeding behaviour - Feeding traits  

Direct measures of feeding behaviour include evaluations of specific pecking behaviour of chicks as 

well as measures of meal length, intervals between meals, and presence or absence of birds at the 

feeders. Such measures have been used to better understand motivation behind feeding behaviour, 

to understand the effect of management decisions such as provision of novel feeds or different rearing 

systems as well as the effect of disease challenge. While automatic measures are preferable, often 

these measures are undertaken manually, using behavioural sampling with instantaneous or time 

recording rules (see Table 8). Measures may also only provide a proxy for feed intake thus may not be 

completely accurate. The use of multiple measures is likely to provide a more comprehensive picture 

of feeding behaviours.  

To explore methods of measuring food intake, Yo et al. (1997) compared three techniques to evaluate 

feed pecking in chicks: automated recording of feeding activity by connecting electronic balance to a 

computer, manual focal animal scan samples from a close up video tape of the head of a chick (at a 

reduced speed), and a measure of pecking strength from a customised electronic balance. The authors 
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concluded that the slow-motion focal scan samples provided the most comprehensive analysis of food 

intake behaviour, however they recognised the practicality of the other, automated measures.  

Meal length and interval lengths have been used to better understand feeding motivations for 

broilers. Bokkers and Koene (2003) describe meal length and length of preceding (pre-prandial) 

interval to be positively correlated with satiety, and hunger to be positively correlated between meal 

length and the succeeding (post-prandial) interval. The authors manually measured individual bird’s 

meal length and interval lengths for broilers and laying hens under feed deprived and non-deprived 

conditions to better understand the mechanisms for hunger and satiety. Similarly, Tolkamp et al. 

(2012) explored the control of food intake of different broiler strains alongside ducks and turkeys by 

measuring duration of visit and amount of food consumed. The authors used computerised feeders 

that identified individual birds using radiofrequency transponders. Collins and Sumpter (2007) 

measured and modelled the rate that broilers joined and left a feeding trough by counting presence 

of birds at the feeder to show that feeding was facilitated by presence of others at the feeder and to 

explain observed synchronised bursts of feeding behaviour. 

Meal length and number of visits to the feeder have also been used to understand the effect of 

management decisions on feeding behaviour. Bakare et al. (2020) measured number of visits to the 

feeder and duration of visit when exploring the provision of a novel feed stuff (Casava leaf meal). Yo 

et al. (1998) implemented scan samples to determine the percentage of time allocated to eating 

(which the authors assumed equivalent to the percentage of birds eating), alongside pecking rate and 

daily feed consumption to explore self-selection of dietary protein and energy of broilers within a 

tropical climate.  

Da Costa et al. (2017) measured duration of visit to the feeder and time spent eating to explore the 

effect of different rearing systems, as hatched and sex separated, on feeding behaviour. Additional 

measures included how the birds accessed (freely or had to fight) or left (voluntarily or pushed) the 

feeder to better understand impact of the different production systems on competition for feeder 

space. Duve et al. (2011) used scan samples of “number of chickens feeding” (no further definition 

was provided) from video recordings to determine “feeding activity” to understand the effect of 

splitting an 8h dark period on feeding behaviour and associated production and intestinal measures.  

Ask et al. (2006) measured presence of birds at the feeder “to provide information on feed intake” by 

scan sampling birds pecking at feed every 40-60 seconds within a 20 minute period, over two 

observation sessions to investigate susceptibility of broiler chicks to colibacillosis. Chicks not showing 

feeding behaviour (absence from the feeder) was explored in relation to challenge with colibacillosis.  
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While presence at the feeder, meal length, and time spent eating may be easy to distinguish, these 

measures may not be entirely accurate in determining actual ingestion of feed. Chickens feed in 

frequent, brief bouts comprising of both exploratory and intake pecks (Yo et al., 1997) making the 

definition of a ‘meal’ problematic (Kaufman and Collier, 1983). Furthermore, inferences are often 

made of these measures and data extrapolated. For example, in Yo et al.'s (1998) record, the authors 

assumed that the percentage of birds eating was equivalent to the percentage of time spent eating 

for each pen. As eating is socially facilitated (Collins and Sumpter, 2007), this method is likely to over 

or under estimate percentage of time spent eating. The implementation of multiple direct measures 

of feeding behaviour may provide a more comprehensive picture. For example, Howie et al. (2011) 

implemented a variety of measures of feeding traits and performance traits to better understand the 

genetic contribution to each trait. Performance traits included 35 day body weight, total feed intake 

over the test period, and FCR. Direct measures of feeding traits included number of meals per day, 

meal size, visits per meal, meal duration, non-feeding time within a meal, time feeding per day, 

proportion of meal spent feeding, feeding rate, and average daily feed intake. By building a 

comprehensive picture of feeding traits and feeding related performance traits they showed that 

genetic selection for improved performance has not resulted in substantial differences in feeding traits 

allowing for the future selection of favourable feeding traits without affecting performance trait goals.     

2.4.1.3 Specific tests for feeding behaviour - Preference tests 

Preference tests (or choice tests – see also section 2.4.8 Motivation or Preference tests (including tests 

of sociality) page 66) are used to determine short term preference for a given scenario. For feeding 

behaviour, preference is monitored for a variety of presented food options. In a series of experiments 

exploring broilers’ perception of different feed qualities, Chagneau et al. (2006) developed a new feed 

choice procedure and apparatus: the SRAbox (Station de Recherche Avicole box). This apparatus 

presents feed options within ‘micro feeders’ within a single visual field, attempting to overcome any 

impact of feeder location and visual cues that may influence preference. Beneficially, the SRAbox 

requires limited training of the chickens. Feed is weighed into the feeder and feed intake determined 

by subtracting the remaining feed. The SRAbox was then used in a series of experiments exploring 

feed preferences (Bouvarel et al., 2009, 2008).  

While preference for the overall visual, olfactory and textural differences of feed can be tested, when 

preparing feeds it is hard to fully control for all these different sensorial stimuli. Chagneau et al. (2006) 

discusses how the hardness of the pellet changed with steam treatment differently for two diets with 

different nutritional content. For feed preference tests one should therefore be aware of the varying 

qualities of the feed that may be influencing preference.  
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Feed preference tests are useful when exploring comparative preferences for feed qualities. They may 

also be used to ask specific questions related to feed or feeding preferences whereby the 

interpretation of the behaviour of the bird provides insights into the answer.   

2.4.1.4 Automated measures of feeding behaviour 

The automatic monitoring of feeding behaviour has been attempted. Methodologies include the use 

of radiofrequency tags and computerised feeders, image analysis and sound detection, including 

analysis of vocalisations.  

Tolkamp et al. (2012) measured duration of visit and amount of food consumed using radio 

transponders on individual birds’ legs linked to a computerised feeder applied within a small trial 

facility. Similarly Li et al. (2019) describe an ultra- high frequency radio frequency identification 

technology this time to continuously monitor feeding and drinking behaviour of broilers within a group 

experimental setting.  

Abdanan Mehdizadeh et al. (2015) looked to automatically measure the biomechanical motions of 

chickens feeding. The authors used a vision-based machine learning technique. Measures included 

head displacement, beak opening speed, etc. The authors proposed that this method could be further 

used to benchmark feed properties and understand the relationship between feed type and 

biomechanical kinetic patterns of feeding exhibited by different birds.  

Aydin and others (Aydin et al., 2015a, 2014; Aydin and Berckmans, 2016) developed an automatic 

system utilising a microphone attached to feeders, to detect pecking sounds of broilers. This was then 

well correlated to feed intake and proposed as a potential system to automatically monitor feed 

intake. While this system was successfully applied within an experimental facility, and at a group level, 

there is no published literature on its use within a commercial setting. Further work is likely required 

to filter out other environmental sounds within the soundscape of a commercial broiler house. 

Similarly, Seber et al. (2021) developed a prototype to continually assess pecking force and proposed 

relating this to feed intake for the continuous monitoring and management of feed. 

Fontana et al. (2015) proposed a method of automatically measuring the weight and growth rate of 

broiler chickens by analysis of the frequency of vocalisations. The authors found a high correlation 

between body weight and peak frequency of sound emitted suggesting that automatic vocalisation 

analyses could be used to reliably measure growth rate. 

Automatic monitoring of feeding behaviour clearly has the potential to reduce lengthy manual 

observation sessions to provide important information on the production and welfare of broilers.  
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2.4.1.5 Application of measures feeding behaviour within commercial broiler production 

Continuous and detailed monitoring of feeding behaviour provides an opportunity to monitor changes 

in feeding behaviour allowing for possible prediction and corrective actions against welfare challenges 

such as disease. Current methods of monitoring feeding behaviour involve measuring the change in 

weight of feed silos (through fitted scales) or monitoring total provision, although this is often not 

undertaken at set points within a crop cycle to the level of detail required for welfare monitoring 

(personal observations). Automated monitoring is the only realistic and practical methodology for 

utilising feeding behaviour as a welfare assessment within a commercial environment. Over the life of 

the flock deviations in feeding behaviour may provide information of the welfare of a flock as 

deviations may be indicative of poor health, stress or a disease challenge. Provision of food however 

is a basic welfare requirement and due to its direct link with productivity for broilers rarely gives rise 

to welfare issues. A measure of feeding behaviour is therefore unlikely to add anything to better 

understand the welfare of commercial broilers. 

2.4.2 Direct observational measures of (non-feeding) behaviour  

Table 7 Number of records using observational measures of non-feeding behaviour, categorised by sampling 

method then recording rule 

Sampling method  Recording rule: 
Number of 
records 

Ad-libitum   0 

Behaviour or 
behavioural sequence  

Continuous 7 

Instantaneous  9 

No Recording rule 2 

One-zero 2 

Unknown  1 

Total using behavioural sampling 19 

Focal bird  

Continuous 24 

Instantaneous  9 

One-zero 1 

Unknown  12 

Total using Focal bird sampling 45 

Scan 

Instantaneous  45 

Unknown  2 

Total using scan sampling 47 

Unknown 
Unknown  7 

Total where sampling method is unknown 7 

Total number of records containing observational measures of non-feeding 
behaviour(s) 98 
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Observational measures of behaviour are direct measures that determine the frequency and durations 

of behavioural events or states. Methodologies are selected depending on the information needed 

from the observations (Altmann, 1974). Sampling methods describe which subject (or groups of 

subjects) to watch.  Sampling methods are paired with recording methods, which describe how the 

behaviours are recorded (Bateson and Martin, 2021). Table 8 describes various sampling and 

recording methods, the benefits and problems of each sampling and recording method are also 

discussed. Often benefits such as the high level of detailed information that can be gathered are 

counterbalanced with costs in terms of time required to undertake such a method. Additional costs 

such as the introduction of bias into the results are also described.  
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Table 8 Behavioural Sampling and Recording Methods (adapted from Altmann, 1974; Bateson and Martin, 2021) 

 

Sampling Method Behavioural States 
or Events 

Description  Drawbacks to Method Benefits/Recommended use 

Ad libitum States or Events No systematic sampling required, 
observers report and describe 
behaviours observed.  

High bias in sampling, observers may report behavioural 
events or behaviours of certain individuals that draw their 
attention. Comparisons between data cannot be made 

Low resource input required. Primarily of heuristic 
value; only recording rare, but significant events. 

Behaviour or 
Behavioural 
Sequence 

Behaviour = Event  
 
Behavioural 
sequence = State or 
Event 

The occurrence of certain (rare) 
behaviours or sequences of 
behaviours are recorded within a set 
sample period. Time of occurrence 
can also be recorded to provide 
temporal information 

Can be time consuming (and costly) to undertake 
manually. Only provides information on specific 
behaviours or sequences of behaviours. Behaviours 
chosen should not be so common to preclude recording. 
Defining the start and the end of the sequence can add 
additional difficulties 

Provides relatively unbiased results. Allows detailed 
recording of specific behaviours or sequences of 
behaviours e.g., when behaviour of interest is known. 

Focal Animal States or Events A focal bird (or group of identified 
birds) is continuously observed to 
whatever extent possible and all 
behavioural states and events 
recorded. This is often repeated to 
obtain an adequate sample size 

Time consuming (and thus costly) to undertake as 
observer’s often having to watch birds or footage in real-
time in order to capture all behavioural states and events. 
Observer fatigue may affect accuracy. Method does not 
describe behavioural synchrony across large groups of 
animals. Quantity of data produced may make 
conclusions hard to draw. 

Provides relatively unbiased, detailed results. Tends to 
be method of choice for detailed behavioural 
observations  

Scan Sampling States A group of birds is rapidly scanned at 
regular intervals and the behaviour of 
each bird is recorded for that instant 

Relatively time consuming and thus costly to implement. 
Observer can only record one or a few simple categories 
of behaviour. Results may be biased towards more 
conspicuous behaviours.  

Useful for comparisons across groups as biases will be 
even. Can be used in addition to focal animal sampling 
to indicate group behaviours. 

Recording Rule Behavioural States 
or Events 

Description  Drawbacks to Method Benefits/Recommended use 

Continuous 
Sampling 

States or Events Each occurrence of each behaviour, or 
behaviour pattern is recorded within 
an observation session, along with the 
times the behaviour occurred (events) 
or started and ended (states)  

Very time consuming thus costly to undertake, fewer 
categories of behaviour can practically be measured. By 
trying to record everything reliability of measures can 
decrease.  

Provides true frequencies, latencies and durations. 
Useful for detailed investigations into behaviours or 
behavioural sequences 

Time 
sampling 

In
st

an
ta

n
eo

u
s 

Sa
m

p
lin

g 

States Measuring what is happening within a 
given sample point. Observation 
sessions are divided into short sample 
intervals, at the sample point, it is 
recorded whether the behaviour is 
occurring.  

Not suitable for recording discrete events with a short 
duration or recording rare behaviour patterns. Bias may 
be introduced by the observer recording conspicuous 
behaviours that occur very close to the sample point. 
When sample points are extended it is no longer this form 
of sampling 

Useful for observing discrete behavioural states e.g., 
body posture, orientation, proximity or general 
locomotor activity. Useful for observing groups of 
animals. 

O
n

e 
–z

er
o

 

sa
m

p
lin

g States or Events Measuring whether (1) or not (0) a 
behaviour occurs in a sample period. 
Observation sessions are divided up 
into short sample periods. 

Can underestimate frequency of behavioural events (as 
only recorded once), can overestimate duration of states 
(as states may only just extend across sample periods) 

Not really recommended for use. Possible use for 
recording intermittent behaviours where continuous or 
instantaneous sampling is not practical. 
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Ninety-eight records (31.41%) made use of observational measures of behaviour. Undertaking 

behavioural observations provides opportunities to understand animal’s allocation of time to different 

behaviours, described as ‘Time budgets’. Time budgets can then be compared for different scenarios 

such as for different breeds or when different resources are provided (e.g., enrichment or varied 

lighting conditions). Time budgets are built by determining frequency and duration of behavioural 

states or events outlined within an ethogram. Ethograms used in observational measures of behaviour 

can range from a few behaviours or behavioural categories of interest (e.g. Cartoni Mancinelli et al., 

2020) to the entire behavioural repertoire of the birds (e.g. Abeyesinghe et al., 2021). Behavioural 

categories are often created in line with the aims of the research, for simplification of observation or 

simplification of analysis. It is not always clear whether this categorisation is undertaken before or 

after undertaking observations (e.g. Dawkins et al., 2013). 

Observational measures of behaviour can be undertaken directly, in person or from video recordings. 

If undertaken directly, observations should be taken from a distance such that disturbance of the birds 

is minimised.  In pen trials this may be from outside the pen (Mohammed et al., 2018). While in-person 

observations may be quick to undertake there will be an effect of the observer’s presence. An 

acclimatisation period is required for placement of the camera or presence of an observer such that 

the behaviour recorded is not solely the reaction to the camera or person.  

Observations may be recorded using specialized software. For example,  Bizeray et al. (2002a); de Jong 

et al. (2021) and Stadig et al. (2018)  all made use of “Observer” (Noldus, 2022). Abeyesinghe et al. 

(2021) used “BORIS” (Friard and Gamba, 2016). Cline et al. (2010, 2008); Halter et al. (2021) and Smith 

et al. (2008) used the “ANY-maze behavioural analysis software”, and Ventura et al. (2012) used the 

“Chickitizer” program. Alternatively, observations can be done manually onto paper, tablets or Hall 

(2001) dictated behaviours of a focal bird continuously into a Dictaphone for later translation. When 

undertaking observations using an “instantaneous” recording rule from video, the assessor may fast 

forward or back a few frames prior to the ‘instant’ in which the bird is observed to determine what 

behaviour is being performed (Dawkins et al., 2013). 

The sampling rules Ad libitum, behaviour or behavioural sequence sampling, focal bird, and scan 

samples are discussed below. While some records made use of one methodology, 18 records 

undertook multiple observational measures of behaviour. Scan sampling with fewer behavioural 

categories was frequently undertaken with another sampling rule to provide an overview of group 

behaviour alongside detailed information on a focal animal or detailed information on specific 

behaviours or behavioural sequences.   
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2.4.2.1 Sampling methods (direct measures of behaviour) 

2.4.2.1.1 Ad-libitum behavioural sampling  

No records made use of ad-libitum sampling. Ad-libitum sampling may be of more use in preliminary 

research when first determining the behavioural repertoire of an animal or for use in field notes 

(Bateson and Martin, 2021). It is possible that this sampling methodology is more apparent in earlier 

records prior to the date range selected for this review.  

2.4.2.1.2 Behaviour or behavioural sequence sampling  

Nineteen records made use of behaviour or behavioural sequence sampling. Typically used to 

determine presence or occurrence of distinct behaviours that are of particular interest, a variety of 

recording rules accompany this sampling methodology.  

No recording methodology was used by Giersberg et al. (2016) and Spindler et al. (2016) who sampled 

images of birds standing and lying to determine spatial requirements of broilers. No formalised 

recording methodology was used as the purpose of the behavioural observations was to obtain the 

images for further analysis. In a similar record to determine spatial needs of broilers Bokkers et al. 

(2011) continuously sampled a variety of specific behaviours from 4 minute video clips to obtain 

screenshots of each behaviour. Caplen et al. (2013a) and Hothersall et al. (2011) also continuously 

sampled birds, but for a specific behavioural response (stand from sitting, shuffle or raise leg) in order 

to determine the point at which to terminate a nociceptive mechanical and thermal threshold testing 

device. Continuous sampling is appropriate when observing few, discrete behaviours. Omeje et al. 

(2001) used continuous behavioural sampling to count pecking and intimidating interactions, Bokkers 

and Koene (2004) to measure sitting, preening and vocalisations within their runway test and Baxter 

et al. (2019) to measure sparring, frolicking, food-running and aggression in commercial broilers for 

five minutes following the creation of space when walking through a house.   

Instantaneous recording was the most commonly used recording method for behaviour or behavioural 

sequence sampling and was used in nine records (Bailie et al., 2013; Bailie and O’Connell, 2015; Baxter 

et al., 2021, 2019; de Jong et al., 2021; Norring et al., 2016; Rayner et al., 2020; Stadig et al., 2017a, 

2017b). Instantaneous recording of behaviours or behavioural sequences were often used within the 

records for measures of enrichment use (Bailie et al., 2013; Bailie and O’Connell, 2015; Baxter et al., 

2021, 2019; de Jong et al., 2021; Norring et al., 2016; Rayner et al., 2020) where the number of birds 

utilising enrichment at a given point are determined as a snapshot of enrichment use. Instantaneous 

sampling may also be used to determine range use. Stadig et al. (2017a, 2017b) paired behavioural 

sampling with instantaneous recording to determine number of birds ranging at a given point. 

Whereas Sztandarski et al. (2021) paired range use with one-zero recording. In short 10s sampling 
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intervals, the authors determined range use by scoring absence ‘0’ or presence ‘1’ in the outdoor 

arena. Utilising a short sampling period reduces the statistical bias in this form of behavioural sampling 

(Brereton et al., 2022), such that it is close to instantaneous sampling, but allows for better 

determination of the display of a behaviour, particularly when undertaking observations ‘live’. In 0 

(Rayner et al., 2020), I also make use of one-zero behavioural sampling in 15 second sample periods 

for specific positive behaviours. 

Behavioural sampling can be time consuming and costly to undertake manually. The pre-selection of 

specific behaviours potentially means that detail or expression of other important behaviours may be 

missed. However, this is also a benefit as the selection of specific behaviours allows for the detailed 

recording of behaviours of interest.  

2.4.2.1.3 Focal bird sampling   

Focal bird sampling was commonly used, with 45 records implementing this methodology. Focal birds 

can be identified by wing or neck tag (Bizeray et al., 2002a; Ventura et al., 2012), or by visually marking 

their neck, back (Zhao et al., 2014), or head (de Jong et al., 2021) feathers with non-toxic livestock 

spray or marker. de Jong et al. (2021) marked focal birds with red or green dots on their heads. In this 

record, the remaining birds in the pen were also marked with a blue dot on their heads to ensure 

behaviour was not altered by presence or absence of the identifying mark. Focal birds may also be 

selected by use of random number generation and a Perspex grid held at arm’s length on farm (Bailie 

and O’Connell, 2014) or a grid added to the screen for video analysis. Typically, multiple birds per 

house or pen are assigned as focal birds in order to determine overall behavioural patterns. For 

example, Ventura et al. (2012) identified 10 focal birds per pen at the start of the trial and undertook 

instantaneous sampling of these birds for behaviour and location. 

Twenty-four records continuously recorded focal bird activity. Continuous recording of focal bird 

behaviour may make use of a small ethogram or score against a wide behavioural repertoire 

depending on the research aims. For example, Norring et al. (2016) used continuous focal bird 

observations for 2 minutes, repeated for 6 birds, and only determined stationary or locomotion bouts 

to create a measure of general activity of birds within a treatment. However Abeyesinghe et al. (2021) 

continuously observed focal birds for 3 minutes scoring against an extensive ethogram of 27 different 

behaviours to compare the behavioural expression of different breeds of birds. Continuous 

observation may also be undertaken for varying periods of time. de Jong et al. (2021) and Norring et 

al. (2016) both observed birds for a 2 minutes, Stadig et al. (2018) implemented 15 minute 

observations and Shields et al. (2004) observed birds for an hour.  



 

37 

Continuous focal bird observations were undertaken for a variety of purposes: to understand effects 

of enrichment provision (Anderson et al., 2021; Arnould et al., 2004; Bailie and O’Connell, 2014; 

Bizeray et al., 2002a; de Jong et al., 2021; Jones et al., 2007; Meyer et al., 2020a; Norring et al., 2016; 

Shields et al., 2004); environmental conditions (Nielsen, 2012; Zhao et al., 2014); stocking density 

(Buijs et al., 2011b; Febrer et al., 2006; Hall, 2001); and breed (Abeyesinghe et al., 2021; Baxter et al., 

2021; Bizeray et al., 2000) on the behaviour of birds. Continuous focal bird observations have also 

been used to further develop or validate other measures of welfare (Dawkins et al., 2009; Meyer et 

al., 2020b; Stadig et al., 2018); and to better understand walking ability (Bokkers and Koene, 2002; 

Norring et al., 2018); feed restriction (Fayed et al., 2012) and the effect of adrenocorticotropic 

hormone on appetitive behaviours (Shipp et al., 2015).  

Eight records documented behaviour of the focal birds instantaneously (Bailie et al., 2013; Collins, 

2008; Fayed and Eraqi, 2012; McLean et al., 2002; Mohammed et al., 2018; Skinner-Noble et al., 2005, 

2003; Ventura et al., 2012; Zimmerman and Koene, 1998). The one record using one-zero recording 

for focal birds (Anderson et al., 2021) scored whether or not each of four vigilance behaviours (“erect 

posture, neck stretching, looking around, and freezing”) were displayed within an attention-bias task. 

Several records did not provide detail regarding the recording rule for focal bird observations this 

represents the 12 unknown recording rule records for focal bird sampling in Table 7 (Balážová and 

Baranyiová, 2010; Branciari et al., 2009; Castellini et al., 2016; Cline et al., 2010, 2008; Dal Bosco et al., 

2010; Djukic-Stojcic and Bessei, 2011; Fayed and Eraqi, 2012; Halter et al., 2021; Katayama et al., 2010; 

Smith et al., 2008; Wang et al., 2013).  

Focal bird observations can be time consuming to undertake, particularly as birds must often be 

watched in real-time to reliably capture the behaviour of the birds. Observers may become fatigued 

by watching birds for long periods of time. This method doesn’t capture the behaviour across a large 

group of animals, Focal bird observations must be of sufficient sample size in order to capture possible 

variation in behaviour across a flock. Detailed data sets can be produced however these may be hard 

to draw conclusions from.    

2.4.2.1.4 Scan sampling  

Forty-seven records utilised a scan sample of a group of birds. The term ‘scan sample’ is often used 

interchangeably with instantaneous sampling. For the purpose of this review scan sampling refers to 

an observation of a group of broilers. Due to the difficulty in observing multiple birds simultaneously 

for extended periods, all records undertook instantaneous scan sampling, however the recording rule 

was not clear for two records (Fayed and Eraqi, 2012; Göransson et al., 2021). Instantaneous scan 

samples can utilise extensive ethograms (e.g. Bailie et al., 2013) or simplified ones that consider few 
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behavioural states or categories (e.g. El Iraqi et al., 2013). Results of scan samples may be 

extrapolated. When interpreting results, (Yo et al., 1998) made an assumption that the percentage of 

chicks exhibiting a given activity in a pen was equivalent to the mean percentage of time that each 

individual in the pen spent exhibiting the activity, however observations were only undertaken 

between 06:00 and 24:00 clearly underestimating resting or sleeping behaviour.  

Instantaneous scan sampling was used to explore the effect of hatching system (Giersberg et al., 

2020b) breed (Abeyesinghe et al., 2021; Baxter et al., 2021; Dixon, 2020; Göransson et al., 2021; 

Lichovnikova et al., 2017; Mignon-Grasteau et al., 2017; Nielsen et al., 2003; Omeje et al., 2001); 

enrichment provision (Arnould et al., 2004; Bailie et al., 2013; Bailie and O’Connell, 2015; Baxter et al., 

2019; de Jong et al., 2021; Stadig et al., 2017b); feed provision (Abdel Razek and Tony, 2013; El Iraqi 

et al., 2013; Fayed et al., 2012; Fayed and Eraqi, 2012; Jordan et al., 2011; Leterrier et al., 2008; Li et 

al., 2020; McKinney and Teeter, 2004; Nielsen et al., 2003; Ramadan, 2017b, 2017a; Trocino et al., 

2020; Yo et al., 1998); housing conditions, including lighting (Bayram and Özkan, 2010; Calvet et al., 

2009; Schwean-Lardner et al., 2016, 2012; Senaratna et al., 2008), stocking density (Thomas et al., 

2011), environmental conditions (Nielsen, 2012; Urtecho-Novelo et al., 2021b) and housing or 

equipment type (Iyasere et al., 2021a; Sans et al., 2021a, 2021b) on behaviour. Instantaneous scan 

samples were also explored in relation to fear (Iyasere et al., 2021b; Jones et al., 1999), walking ability 

(Bizeray et al., 2000; Skinner-Noble and Teeter, 2009), Campylobacter infection (Colles et al., 2008), 

social facilitation (Iyasere et al., 2018) and finally, in comparison with other measures of welfare 

(Dawkins et al., 2013). 

Manual scan samples can be time consuming to implement. When undertaken live, it is only possible 

to record a few simple behaviour categories. The results may therefore be biased towards more 

conspicuous or interesting behaviours. However, scan samples do provide a good indication of group 

behaviour which is often most relevant for commercial broilers.  

2.4.2.2 Application of observational measures of (non-feeding) behaviour within commercial broiler 

production 

Understanding and monitoring time budgets of broilers provides a key opportunity to better 

understand and manage the welfare of broilers within a commercial environment. However, the use 

of observational measures within commercial broiler production is often not appropriate due to the 

time required to undertake observations and achieve a suitable sample size. There is an opportunity 

for the automation of behavioural observations, for example the specific identification of positive 

behaviours (behavioural sampling) within a flock. Li et al. (2021) developed a methodology for the 

automatic monitoring of stretching behaviour using a region-based convolutional neural network, the 
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authors achieved an accuracy of over 86% in detecting stretching behaviour across a variety of 

stocking densities. It is hoped that such technologies can be used to identify a wider range of 

behaviours in the future. If behavioural states and events could be automatically measured, one could 

compare time budget across different systems or farms to better understand how birds choose to 

spend their time and the behavioural opportunities available to them. Deviations in time budgets may 

also be indicative of a welfare challenge. An automated measure could further be used as a 

management tool.  

2.4.3 Activity or Movement 

Table 9 Number of records using each measure of activity or movement 

Subcategory Measure 

Number 
of 
records 

Direct measures - Activity or movement  

 
‘Activity’ inferred from direct behavioural 
observations  42 

 Distance travelled 4 

 Index 3 

Automated measures utilising activity or movement  
 Fancom 4 

 Optical flow 8 

 Passive Infrared 5 

 Other 9 

Total number of records containing a measure of activity or 
movement 76 

 

There was significant consideration of ‘activity’ or ‘inactivity’ within the records. The selection for fast 

growth rates has resulted in welfare challenges that may result in, or be caused by, reduced overall 

activity (Dixon, 2020). The term activity or activities may be used interchangeably when talking about 

different behaviours (e.g. Ventura et al., 2012) or the concept of active behaviours, involving 

movement of birds, may be considered more specifically. Direct observations of behaviours 

categorised into active or inactive behaviours may be implemented, distance travelled measured and 

used as an indicator of activity, or indexes of activity may be created. Furthermore, activity has been 

a key focus of many automated measures of behaviour for broilers. 

2.4.3.1 Direct measures of activity or movement 

Using direct observations of behaviour, activity was considered as: kinetic activity (Castellini et al., 

2016); locomotor activity only (Malchow et al., 2019c; Rutten et al., 2002); standing bouts (Norring et 

al., 2019), as birds not lying down (Calvet et al., 2009), or within an ‘active’ behavioural category. This 
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category may be created by summarising active behaviours. For example, Giersberg et al. (2020b) 

summed “standing, walking, preening, dustbathing, floor pecking, feather pecking and aggression” for 

active behaviours. Alternatively, activity may be discussed in relation to  the organisation of 

behaviours observed (Bizeray et al., 2000). Furthermore ‘inactivity’ may be considered through direct 

behavioural observations of inactive behaviours such as lying events (Bailie et al., 2018b) or other 

behaviours, such as defined by Sans et al. (2021b, 2021a) “Sitting, lying, or standing while not engaged 

in other activities, eyes are opened or closed”.  

Distance travelled or movement around a pen or arena have also been discussed in relation to activity 

of the birds. In Nielsen's (2012) open field tests (see section 2.4.7.1.6 Open field test, page 63) the 

number of times the birds crossed defined lines was used as a measure of activity. Collins (2008) and 

Estevez and Christman (2006) looked at movement patterns of the birds in relation to activity. Indexes 

or measures of activity include Herborn et al. (2020) who categorised activity of a flock as; 0 (0–5% of 

chicks were moving), 1 (< 50% of chicks were moving) or 2 (> 50% of chicks were moving). Failla et al. 

(2021) explored an activity index based on muscle fibre composition post-mortem. Simitzis et al. 

(2012) inspected consecutive photos taken at 1 second intervals and counted the number of birds 

moving in adjacent frames. This manual method is similar to the majority of methods used for 

automated measures of broiler activity.  

2.4.3.2 Automated measures of activity or movement 

Automated systems detecting components of broiler behaviour and welfare tend to make use of 

activity or motion detection. Passive infrared detection (PIR), the Fancom eYenamic system and 

Dawkins’ optical flow were the dominant activity monitoring systems that appeared in the records. 

Passive Infrared detection for general activity was utilised in five records (Archer et al., 2009; Archer 

and Mench, 2014a; Blatchford et al., 2012; Nielsen, 2003; Nielsen et al., 2004), this system uses an 

infrared beam. If at least one bird is moving, the beam is broken, and the device registered as on. If 

no movement is occurring the device would be registered as off. A data logger then registers whether 

the device is on or off at a set time interval (e.g., every 10 seconds). This system has only been used 

and is likely to only be practical for use within a pen environment due to the reach of the beam and 

number of birds present.  

There were four records related to the development or use of the Fancom eYenamic system 

considering activity (Aydin et al., 2010; Fernandez et al., 2018; Van Hertem et al., 2018, 2017). The 

system was a commercially available hardware and software system that continuously monitored the 

activity, migration (distribution) and body mass of broilers from pixelated images from ceiling 

mounted cameras across a broiler house. Fernandez et al. (2018) detected deviations in the activity 
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pattern to be related to hock burns and further results also related to gait score (see section 2.4.6.4 

Automated measures of walking ability, page 54) however there has been no link between the 

eYenamic system and display of specific behaviours such as those that broilers are motivated to 

perform and thus are indicative of positive welfare. The Fancom eYenamic system is further discussed 

in the section ‘Automated measures of walking ability’.  

There were eight records related to the development or use of OPTICFLOC (Colles et al., 2016; Dawkins 

et al., 2021, 2017, 2013, 2012, 2009; Gebhardt-Henrich et al., 2021; Roberts et al., 2012). OPTICFLOCK 

uses ‘Optical flow’ by detecting light intensity of pixelated images from overhead cameras in the 

broiler shed. A change in the light intensity of the pixels illustrates movement of the birds within a 

shed. The technology then compares the statistical properties of this detected movement across 

different flocks. The system has been shown to be predictive of Campylobacter infection (Colles et al., 

2016) and for the early detection of mortality, hock burn and poor gait scores (Roberts et al., 2012). 

However no correlates between optical flow and performance of specific behaviours were found 

(Dawkins et al., 2013). Dawkins et al. (2013) considers that the correlations between optical flow and 

welfare measures (hock burn, pododermatitis, mortality and walking ability) are due to optical flow’s 

sensitivity to uniformity, or lack of uniformity in a flock. OPTICFLOCK and optical flow is further 

discussed in the section ‘Automated measures of walking ability’.  

Other automated measures of activity include Malchow et al.'s (2019a, 2019c) use of an antenna and 

transponder system whereby the sequential activation of one of two antennas was counted as 

locomotion. Savory and Kostal (1997) who implanted a radio telemetry device into a chicken and 

monitored the physical activity by the chicken’s location relative to the receiver. Dal Bosco et al. (2010) 

made use of a global positioning tracking system on slow and fast growing organic birds. van der Sluis 

et al. (2020) undertook a validation study of a passive radio frequency identification system with 30 

antennas within a pen, they compared the system to behavioural observations and showed good 

agreement. Rault et al. (2017)  made use of a “Chicken Monitor” system that, similarly to the eYenamic 

and OPTICFLOCK systems, also measured change in pixelation between frames. Yang et al. (2020) 

explored time sampling intervals required between frames for an ‘activity index’ also using change in 

pixelation. More recently, deep learning algorithms have been proposed and used to detect broilers 

through image analysis. Ding et al. (2019) used this methodology to detect and model distribution and 

activity for heat stress detection.   

2.4.3.3 Application of measures activity within commercial broiler production 

Broiler producers will observe flock activity to determine flock wellbeing (see Table 24, page 102). This 

will be done in relation to many other sensorial information or management understanding. Activity, 
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or movement of broilers is beneficial as it is simple to monitor computationally, it has therefore been 

a focus for automated measurement. The relevance of activity to welfare is not fully understood. 

Automated measures such as OPTICFLOCK show promising links to other welfare outcomes, however, 

they do not provide information regarding the behavioural expression or preferences of the animals. 

A simplistic look at behaviour in terms of activity loses much of the nuanced insight that observation 

of multiple or different behaviours provide. As machine learning technologies develop and activity is 

measured more widely, better insights into what activity tells us about, and how activity can be used 

to manage the welfare of broilers may emerge.  

2.4.4 Distribution or Location  

Table 10 Number of records using each measure of Distribution or Location 

Subcategory Measure 

Number 
of 
records 

Direct observational measures – Distribution or location  
 Index 2 

 Measurement  13 

 Welfare Quality % huddling 6 

 Range use 13 

Automated measurement of distribution or location   
 Automated measure of ranging behaviour 2 

 Automated measurement 5 

Total number of records containing a measure of Distribution 
or Location  37 

 

Measures of spatial distribution were used in thirty-five records. Space provision or stocking density 

is a key welfare topic for broilers thus the use of space (Buijs et al., 2011b) and preferences (Buijs et 

al., 2011a) have been explored in detail. Measures of location are clearly relevant to assess range use. 

Furthermore, bird distribution is indicative of thermal comfort. Animals will huddle or group together 

when cold (McCafferty et al., 2017). The (Welfare Quality®, 2009) protocol, includes an evaluation of 

the percentage of birds huddling (and panting) to determine thermal comfort. Six records included 

this assessment (Buijs et al., 2017; Federici et al., 2016; Iannetti et al., 2021b; Sans et al., 2021b, 2014; 

Wilhelmsson et al., 2019). Distribution or location may be measured by direct observational measures 

by determining the location of and relative locations of different animals. Alternatively, a group level 

measure using classifications may be employed to assess distribution. Distribution or location may 

also be measured by use of technology.   
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2.4.4.1 Direct measures of distribution or location 

There were several different ways of measuring distribution in the records. Herborn et al. (2020) and 

De Moura et al. (2008) created simple classification systems for images or videos. Herborn et al. (2020) 

classified distribution of chicks from video as: 1, chicks are spaced apart, with zero or one chick within 

one body-length; 2, small clusters of chicks, 2+ chicks within one body-length; 3, large clusters in 

physical contact, the central chick is greater than two body-lengths from the cluster edge. Arnould et 

al. (2004); Buijs et al. (2011a); and Woodcock et al. (2004) counted the number of birds within a given 

area within a pen or test arena. Whereas Buijs et al. (2011b); Estevez and Christman (2006); Febrer et 

al. (2006); Leone and Estévez (2008); and Ventura et al. (2012) employed more detailed analysis by 

use of X-Y coordinates and documented individual bird locations in a pen.  Estevez and Christman 

(2006); Leone and Estévez (2008); and Ventura et al. (2012) made use of the “Chicketizer” software 

programme which allows for the simultaneous recording of location (e.g., from a grid marked on the 

wall) and behaviour. Data from such a system can be used to calculate inter-individual distances 

(distances between pairs of conspecifics (Leone and Estévez, 2008)) and nearest neighbour distances 

(distance between a focal birds and its nearest conspecific (Collins, 2008)). Buijs et al.'s (2011b)  also 

investigated the use of Dirichlet polygon area to describe the homogeneity of distribution of animals.  

Jones et al. (1999) considered group sociality by measuring the distance between the midpoints of the 

two that were the furthest away from one another within a group. 

In a capture, recapture experiment BenSassi et al. (2019a) explored distribution of birds around a 

commercial house when developing the Transect method for welfare assessment (see also section 

2.4.6.2.1 Performance related measures of walking ability, page 50). The authors marked a 

subpopulation of birds and recorded their identity and spatial location when they encountered the 

marked birds on the transect walk. This data helped to determine the optimal sampling rate for the 

transect walk welfare assessment methodology.  

The location of birds is often measured in experiments to better understand ranging behaviour of 

broilers. This is can achieved from scan samples, by simply counting the number of birds present on 

the range (Barbosa Filho et al., 2005; Castellini et al., 2016; Colles et al., 2008), possibly with the use 

of photos (Dawkins et al., 2003), videos, or supplementary software to aid recording (Sztandarski et 

al., 2021). Additional information may also be recorded, such as which areas of the range contain birds  

(Ferreira et al., 2020; Jones et al., 2007; Nielsen et al., 2003; Stadig et al., 2017a, 2017b), or distance 

of birds from the house (Göransson et al., 2021).  
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2.4.4.2 Automated measures of distribution or location 

Two records used technology to record range use. Dal Bosco et al. (2010) used GPS tracking technology 

to measure time spent outside and maximum distance from the house. Taylor et al. (2018) tracked 

individual range use using a radiofrequency identification system. Birds were fitted with a leg band 

containing a microchip which registered when they walked over the antennae placed at the pop-hole. 

Both Dal Bosco et al. (2010) and Taylor et al.’s (2018) systems required the birds to wear a leg band.  

Five other records determined distribution or location using technology (Ding et al., 2019; Fernandez 

et al., 2018; Kashiha et al., 2013; Van Hertem et al., 2018, 2017). Ding et al. (2019) used deep learning 

algorithms to detect and model distribution and activity for heat stress detection. Kashiha et al. (2013) 

determined that equipment breakdowns can be detected by broiler distribution within a commercial 

house and created indexes that would later form part of the Fancom eYenamic system. Van Hertem 

et al. (2018), using this system, found associations between distribution, activity and gait score. 

2.4.4.3 Application of measures of distribution or location within commercial broiler production 

Distribution or location of animals provides richer information than activity alone. Distribution or  

location tells us how animals make use of space: their preferences, thermal comfort, health, and 

sociality can be inferred from this information. Indeed, change in distributions may also be translated 

into activity. There has, however, been relatively limited application of formalised measures in 

commercial broiler production, likely due to the difficulty in tracking and identifying individual animals 

and the challenge of achieving coverage of the whole house using image analysis. Broiler producers 

will observe flock distribution to determine flock wellbeing (see Table 24, page 102). As machine 

learning technologies develop, there is potential for better monitoring of bird location or distribution. 

Improved understanding regarding the movement patterns and space use of broilers may allow for 

better insights into the welfare of broilers. As shown by Kashiha et al. (2013), distribution of birds can 

be used to identify and alert for breakdown in equipment. Enrichment use may also be monitored by 

determining location of birds. As technologies become cheaper and develop further, vision-based 

systems tracking individual birds may provide an additional tool for broiler welfare assessment and 

management.  
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2.4.5 Acoustic monitoring 

Table 11 Number of records using each measure of Acoustic monitoring 

 

 

Acoustic monitoring provides a non-invasive method of measuring the biological responses of animals. 

This may be through vocalisations, coughs or snores, or general sounds of animals moving around 

their environment. The use of acoustic monitoring and specifically monitoring vocalisations 

(Manteuffel et al., 2004) has been proposed as a measure of welfare for farm animals. There have 

been some promising steps towards the automated monitoring of the acoustic environment for broiler 

production.  

2.4.5.1 Direct measures of acoustics 

Within the records, vocalisations were measured as part of an ethogram (Göransson et al., 2021), or 

within specific tests such as those exploring fear and anxiety (see section 2.4.7.1.5 Social isolation 

test/Novel Environment test, page 62). Several records (Anderson et al., 2021; Archer, 2018; Archer 

and Mench, 2017, 2014b; Balážová and Baranyiová, 2010; Giersberg et al., 2021, 2020b, 2020a; Huth 

and Archer, 2015b, 2015a; Jones et al., 1999; Saito et al., 2005) measured vocalisations as part of the 

fear tests used in their studies. Bokkers and Koene (2004, 2002) measured vocalisations in a runway 

test, finding that slow growing birds vocalised more, concluding that they were more active in 

searching for social reinstatement than fast growing broilers. They also found a reduction in 

vocalisations as the birds aged.  

Vocalisations were also monitored in records investigating different components of the slaughter 

process (Jones et al., 1998; Lines et al., 2011a; Martin et al., 2016). When investigating the application 

of a new stunning system Martin et al. (2016) detected ‘peeping’ vocalisations. Vocalisations after 

stunning are thought to indicate consciousness and even distress, however the other measures of 

Subcategory Measure 

Number 
of 
records 

Direct measures - Acoustics  

 
As part of runway test, test of fear and anxiety, 
or within an ethogram 15 

 As part of catching, transport, slaughter trial 3 

 Assessment of ‘noise level’ 1 

Automated acoustic monitoring  
 Automated measurement 4 

Total number of records containing a measure of acoustic 
monitoring  23 
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consciousness and stress indicated otherwise. The authors concluded that ‘the welfare relevance of 

the vocalisations was difficult to assess’.  

A more general assessment of overall noise level was utilised by Schwean-Lardner et al. (2012) who 

measured sound levels using a decibel reader, as a response to a someone entering the room. The 

authors discuss that sound levels were indicative of motivation, reactivity or awareness.  

2.4.5.2 Automated acoustic monitoring  

Automated acoustic monitoring has been explored in relation to chick development, thermal comfort, 

respiratory disease and as an ‘iceberg indicator’ for welfare.  

Fontana et al. (2016) explored vocalisation development over the life of a broiler. They found that 

vocalisations change as birds age and that this can be used to predict growth too. The authors suggest 

that the automatic analysis of these vocalisations could be used as an early warning system, 

continuous monitoring system or automatic monitor for commercial poultry production. De Moura et 

al. (2008) suggests the use of sound to monitor thermal comfort for commercial broiler production 

and Liu et al. (2020) proposes the use of acoustic monitoring for the management and detection of 

respiratory disease. Liu et al. (2020) developed a new recognition algorithm that automatically detects 

abnormal sounds associated with poultry respiratory diseases such as snores and coughs. Herborn et 

al. (2020) suggests that a certain descriptor of the acoustic environment, the spectral entropy, may be 

used as an iceberg indicator for continuous and real-time monitoring of welfare. The authors 

investigated specific ‘distress call’ vocalisations in young broiler chicks and found that the spectral 

entropy was correlated with a manual counts of distress calls. They further found that spectral entropy 

was significantly associated with some behavioural correlates such as asynchrony as well as the 

important production and welfare measures, weight gain and mortality.  

2.4.5.3 Application of acoustic monitoring within commercial broiler production 

Currently, there is limited use of formalised acoustic monitoring within commercial broiler production, 

however some broiler producers will use the sound of a flock to assess or monitor how that flock is 

doing (see Table 24, page 102). Technology capturing sound is fairly inexpensive to implement and 

requires less storage of information compared with computer based visual systems. Results such as 

those by Herborn et al. (2020) and Liu et al. (2020) are promising for the future development of 

systems that can aid in the continuous, real-time monitoring, management, and measurement of 

broiler health and welfare. 
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2.4.6 Walking ability  

Table 12 Number of records using each measure of Walking ability 

Subcategory Measure 

Number 
of 
records 

Performance related measures of walking ability   

 Leg culls  10 

 Transect method  2 

Direct measures - Walking/lameness traits   
 6 point scale (0,1,2,3,4,5) 73 

 3 point scale (0,1,2) 16 

 VAS score tagged 0,1,2 1 

 Force plate  6 

 Motion capture  1 

 Walking speed  8 

Indirect measures of lameness   

 Physical examination  30 

Specific assessments related to walking ability   
 Latency to lie  18 

 Latency to leave a rotating rod 2 

 Group obstacle test 1 

 Runway test  5 

 Conditioned place preference test 1 

Automated   

 Automated  12 

Total number of records containing a specific measure of 
Walking ability (note: does not include records that monitored 
locomotion through direct observational measures or activity 
measures)  105 

 

The aetiology of lameness in broilers is complex and interacting. Contributory factors include genetics, 

growth rate, conformation, nutrition and space availability (opportunity for exercise), amongst others. 

Lameness may be associated with both non-infectious (developmental or degenerative) as well as 

infectious skeletal disorders (Bradshaw et al., 2002). Lameness is both a welfare and economic 

challenge for broiler production. Lameness can cause pain for broilers (Danbury et al., 1997) as well 

as limiting their ability to access resources and perform positively rewarding behaviours (Weeks et al., 

2000).  Severe lameness can require birds to be culled, and at high levels can have a substantial impact 

upon the overall productivity of a house. Inclusion of a measure of lameness is therefore common 

within explorations of broiler production and welfare. Of the included records, 105 contained a 

measure that the authors related to walking ability and/or lameness. Monitoring leg culls can be used 

to monitor lameness within and across flocks. However, most records measuring walking ability 

include direct measures of walking ability or lameness traits, such as scoring the gait of the birds using 

a defined methodology based on the physical display of lameness. Indirect measures such as recording 
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lying events, or physical examination of birds, have also been adopted and are all discussed below. 

Locomotor activity may also be measured by use of direct observation sampling methods (see section 

2.4.1.2 Direct observational measures of (non-feeding) behaviour, page 31)  and walking ability further 

inferred. Records included in this section do not include measures of lameness that are inferred from 

ethograms nor from measures of overall activity but consider walking ability within the context of 

lameness.  

2.4.6.1 Direct measures of walking ability  

2.4.6.1.1 Gait score 

The most common methodology for assessing walking ability is to allocate ordinal scores that are 

representative of different levels of lameness. For a house level assessment, a sample of birds are 

observed and scored at various locations within the house. The Bristol Gait Score, developed by Kestin 

et al., (1992) makes use of a 6-point scale where a 0 describes a bird that is “dextrous and agile” 

walking with “no detectable abnormality” through to a score of 5, where the bird is “incapable of 

sustained walking”.  This 6-point scale is the most utilised assessment of walking ability within the 

records. This scoring methodology has also been adopted by the Welfare Quality® (2009) protocol as 

a measure of “Good health”. This protocol recommends scoring 150 birds selected from 4 locations in 

the house, however as few as 30 (Colles et al., 2008; Jones et al., 2007) or 25 birds (Bailie and 

O’Connell, 2014) were assessed in some records.  

Seventy-three records used a 6-point gait score methodology. Criticisms of this methodology relate to 

the time it takes to undertake these assessments and the difficulty in differentiating between 

consecutive scores. Results can also vary between assessors, even when they have undertaken specific 

training (Butterworth et al., 2007).  An alternative, simplified, 3-point scoring system has also been 

developed by Webster et al. (2008) and was implemented in 16 of the included records. Within this 

scoring methodology a score of 0 equates to a bird that “can walk at least 5ft with a balanced gait” 

and score of 2 to a “bird [that] will not walk 5ft. May shuffle on shanks or hocks with assistance of 

wings”. The authors found improved assessor agreement. Furthermore, Freeman et al. (2020) utilised 

a tagged Visual Analogue Scale (VAS) from 0-100 with each third of the scale aligned to a score of 0, 1 

or 2. This allowed for greater precision and sensitivity of scoring, although there was only one assessor 

so inter-observer reliability is unknown. While a simplified or alternative scoring system may be 

preferable to some researchers, the challenge of time required to undertake individual assessments 

of walking ability remains. 
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2.4.6.1.2 Force plate  

Nääs et al. (2008, 2009a, 2009b, 2010, 2012) made use of a piezoelectric pressure-sensing mat to 

determine the reaction forces broilers produce during walking.  Nääs et al. (2009b) explored peak 

forces of each leg in relation to lameness as scored using the Bristol Gait Scoring methodology, walking 

speed and physical analysis post-mortem. They found that the peak force was different before and 

after analgesic administration (indicative of different states of lameness). The authors concluded that 

the platform provided an efficient record for assessing ground reaction forces while walking. Duggan 

et al. (2016) also made use of ‘pressure walkways’ to measure various components of walking 

including walking velocity, step width, stride length, foot angle and peak vertical force, amongst 

others. The authors compared the results to leg morphology.  

Force plates may provide useful kinematic measures of aspects of walking ability. Nääs et al. (2010) 

consider further development of an algorithm to calibrate visual gait score with the apparatus output. 

However, the implementation of specific apparatus, potentially requiring several repetitions of 

walking down a runway within a commercial setting would not be practical.  

2.4.6.1.3 Kinetics of Gait 

Caplen et al. (2013b) explored specific gait characteristics without the use of a force plate but by use 

of a motion-capturing system to record three-dimensional temporospatial walking parameters. The 

authors found large variation between birds, and within birds between runs and strides highlighting a 

need for repeated tests of individuals and the use of the same birds as their own controls when 

exploring lameness or interventions using this methodology. By studying various gait characteristics, 

Caplen et al. (2013b)  showed that mobility of broilers is influenced by further, unknown, factors 

besides conformation. 

2.4.6.1.3.1 Walking speed 

One gait characteristic measured in Caplen et al.'s (2013b) record and also by others in eight records 

(Bokkers and Koene, 2004; Caplen et al., 2013b; Dawkins et al., 2013, 2009; De Lima Almeida Paz et 

al., 2019; Duggan et al., 2016; Mellor, 2016; Nääs et al., 2009b, 2008) is walking speed, or velocity. 

Walking speed may be related to gait score (Dawkins et al., 2009) or assessed as a specific component 

of gait. Walking speed is known to directly influence other gait parameters (Corr et al., 1998) and 

should therefore be controlled for within the analysis or within the experimental design when 

exploring these parameters. For example,  Caplen et al. (2013) measured walking speed and included 

this as a variable within their analysis whereas Duggan et al. (2016) determined a ‘comfortable’ 

velocity for each test animal and only utilised samples that sat within the defined range. An alternative 

approach is to train and place the animals on a treadmill when undertaking measures of the kinetics 
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of gait. A further confound when exploring walking speed is the influence of motivation. Bokkers and 

Koene (2004) aimed to distinguish between physical ability and motivation of fast and slow growing 

broilers, testing fasted birds in a slalom and control runway test. They found walking speed to be 

determined by motivation in birds with a low body weight and that physical ability determined walking 

in birds with a high body weight. Bokkers and Koene (2002) also explored sex differences in 

conventional birds finding that males walked faster than females, despite the higher body weight.  

Walking speed alone is not an appropriate measure of walking ability due to the discussed confounds.  

2.4.6.2 Indirect measures of walking ability  

2.4.6.2.1 Performance related measures of walking ability  

Culling for lameness is routine practice to maintain broiler welfare within a commercial environment. 

Typically culling is undertaken for birds with a gait score greater than 3 out of 5 on the Bristol Gait 

Score (Kestin et al., 1992), or equivalent (Kristensen et al., 2006). Ten records (Bailie and O’Connell, 

2015, 2014; Dawkins et al., 2009; Dixon, 2020; Hall, 2001; Jones et al., 2007; Kristensen et al., 2006; 

Rayner et al., 2020; Silvera et al., 2016; Wilhelmsson et al., 2019) monitored or recorded leg culls as 

an indicator of leg health, across both commercial scale (e.g. Bailie and O’Connell, 2014) and pen trials 

(e.g. Dixon, 2020). Leg culls are influenced by the culling practice of the stockperson and their 

interpretation of the point at which lameness causes the bird to suffer, comparisons between farms 

should therefore be undertaken with caution.    

An advancement of monitoring birds culled, or due to be culled, is the Transect method, as developed 

by BenSassi et al. (2019b, 2019a). The authors suggest it is a practical and easy to implement method 

of assessing various components of welfare, including walking ability. Assessors assess transects’ 

(rows between feeder and drinker lines) by slowly walking up the transect and rapidly assessing and 

noting any birds showing ailments including number of birds with “walking difficulties”. Birds with 

walking difficulties include lame, described as “walking with obviously uneven strides or steps [… or] 

severe[ly] limping”, and immobile, described as “[not] mov[ing] away when approached [..] moves 

with difficulty, no more than three steps before sitting down”. This assessment, however, is 

dependent on the culling practices of the farm as those with particularly stringent culling practices will 

score better. BenSassi et al. (2019b) however found transect sampling varied with environmental 

inputs and production outcomes proposing it to be a practical, valid methodology for broiler welfare. 

2.4.6.2.2 Physical examination  

Directly examining the legs of broilers, pre- or post- mortem can be undertaken alongside other 

measures related to lameness or walking ability. Thirty-three records implemented a physical 

assessment of the legs of the broilers.  
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A variety of methodologies to assess leg straightness and morphology have been employed. Arnould 

et al. (2004); Bizeray et al. (2000); and Djukic-Stojcic and Bessei (2011) all measured abnormal tarsal 

angulation (varus and valgus of the tarsal joint) using classification determined by Leterrier and Nys 

(1992). Whereas Tahamtani et al. (2018) utilised a simplified dichotomous score of 0 = no and 1= yes 

for varus and valgus angulations. Febrer et al. (2006); and Jones et al. (2007) scored presence or 

absence for angled legs in, out, or rotated (with definitions for each). Rault et al. (2017) simply checked 

‘leg straightness’ by whether  the leg bones beneath the knee joint were parallel. Sanotra et al. (2001) 

measured tarsal angulation but does not describe the method. Intermediate tarsal angulation results 

in mild locomotor disturbances where as severe valgus angulation is associated with lameness, further 

bone deviations, and in some cases a reduction in growth rate (Leterrier and Nys, 1992). Such 

measures have therefore been used to determine leg health and infer lameness. These measures are 

simple and quick to implement as they only require gentle handling and observation. They do not 

require the encouragement of broilers to walk. However, birds may also be lame without these 

deformities. For example tibial dyschondroplasia is typically not associated with angulation 

deformities but severe tibial dyschondroplasia may impair walking ability (Leterrier and Nys, 1992). 

Skinner-Noble and Teeter (2009) specifically explored conformation in relation to gait scores 2 and 3, 

measuring a number of morphological measures such as shank length, breast width, breast angle. The 

authors found no pathologies within the birds and concluded that the difference in walking ability 

between these two scores was due to conformation.   

Further to the live physical assessments and gait scoring, post-mortem assessments of leg health are 

implemented. Garner et al. (2002) developed a four point scale to score tibial dyschondroplasia by 

cutting the tibial bone longitudinally and assessing abnormal cartilage development. Taylor et al. 

(2018) made use of this methodology and scoring system. Kaukonen et al., 2017 and Tahamtani et al., 

2018 cut sagittal sections of the tibia to score abnormal cartilage development.  Assessments of 

femoral head necrosis are often implemented (Nääs, Paz, et al., 2009; Tahamtani et al., 2018; Taylor 

et al., 2018). Further post-mortem assessments related to leg health include bacterial analysis from 

swabs of hock joints and tendon sheath (Tahamtani et al., 2018), physical examination for gross 

pathology (Caplen et al., 2014), hydrated weight of bones (Leterrier et al., 2008), bone ash content 

(Arnould et al., 2004; Kaukonen et al., 2017; Muir and Groves, 2019; Ruiz-Feria et al., 2014; Rutten et 

al., 2002) bone mineral content (Kaukonen et al., 2017; Leterrier et al., 2008; Mohammed et al., 2021) 

and bone strength (Mohammed et al., 2021; Nääs et al., 2009b; Ruiz-Feria et al., 2014) or 

biomechanical stiffness (Rutten et al., 2002). Assessments post-mortem pose ethical concerns 

(relating to one’s beliefs about what is morally acceptable): While assessments may be undertaken at 

a processing plant (e.g. Kaukonen et al., 2017), in line with the intended end-point for the birds, the 
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birds used for the assessments may not be allowed for human consumption creating waste. 

Furthermore, any results obtained will be subject to bias as severely lame birds will be culled before 

processing. These assessments are also time consuming and often require trained assessors. 

Measures of fluctuating morphological asymmetry, the random deviation from perfect bilateral 

symmetry (Van Valen, 1962), can be undertaken live or post-mortem and have been suggested to 

reflect an animal’s ability to cope with challenges during its growing period. Nääs et al. (2009a;2008) 

explored toe length in relation to asymmetry, finding no specific pattern of asymmetry with the other 

welfare traits measured (including gait score) and concluded that asymmetry may not be a useful 

indicator. It does not appear that any further work on asymmetry in broilers has been published.  

2.4.6.3 Specific tests of waking ability 

2.4.6.3.1 Latency to lie  

The Latency to lie test is a methodology to assess leg health in broilers by placing a bird in tepid water 

and timing how long it takes to sit from a standing position. Time to sit has been shown to be 

significantly negatively correlated to gait score by some (Aydin et al., 2015b; Berg and Sanotra, 2003; 

Weeks et al., 2002) but not others (Webster et al., 2008). Initially developed by Weeks et al. (2002), 

Berg and Sanotra (2003) modified the test for a more ‘practical application’ whereby birds were tested 

individually and the experimental set up was portable and could be transported between commercial 

farms. It has been questioned whether the environment that the test is conducted in influences the 

results obtained or the presence or absence of conspecifics (Weimer et al., 2020). Despite this, as a 

quantitative time is recorded, latency to lie tests are considered less subjective than gait scoring. 

Senaratna et al. (2008) undertook the latency to lie test according to Weeks et al. (2002), yet the 

majority of applications have been using Berg and Sanotra's (2003) modified methodology (Caplen et 

al., 2014; Mohammed et al., 2021; Muir and Groves, 2019; Rault et al., 2017; Ruiz-Feria et al., 2014).  

Researchers have even further modified the test too. 

Weimer et al. (2020) undertook latency to lie in both a group and individual situation, hypothesising 

that birds tested individually would sit after a shorter period than when tested in groups as stress 

related behaviours have previously been observed less frequently in hens in pens with conspecifics. 

However, in this record, the group standing times were shorter than the individual times, perhaps due 

to social facilitation overriding any ‘attentional shifts’. Gebhardt-Henrich et al. (2021) also used a 

modified version, placing four birds in a box with tepid water and timing when the bird sat down 

(although it is not clear whether this was the first or every bird). In order to avoid the stress associated 

with the water, further modifications have been made for a commercial environment by simply timing, 
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in the house, the time taken from standing (with encouragement) until the bird sits down (Bailie et 

al., 2013; Bailie and O’Connell, 2015, 2014; Baxter et al., 2021; Norring et al., 2019). Baxter et al. (2021) 

found no significant effect of age on this modified latency to lie test. However Bailie et al. (2013) and 

Bailie and O’Connell (2015, 2014) found a significant reduction in latency to lie with age. Further 

exploration of this method, by directly comparing to gait score of individuals is required to ensure 

validity of this test.  

Aydin (2017a) and Aydin et al. (2015b) investigated components relevant to a latency to lie test within 

an automated system. The authors used a 3D vision system to detect the number of lying events and 

latency to lie on a runway. The resultant algorithm had an accuracy of 93% detection of lying events 

and could subsequently calculate latency to lie. The authors found a significant correlation between 

latency to lie and manual gait score.  

While correlated to gait score, latency to lie can still require a large amount of time to implement 

within a commercial environment and has not been validated without use of a water bath. Latency to 

lie therefore does not provide many benefits above manual gait scoring. Automation of lying events 

may provide an opportunity for further exploration.  

2.4.6.3.2 Other specific test of walking ability 

Alternative methods relating to walking ability within the records include specific assessments such as 

latency to leave a rotating rod, a ‘rotarod’. Malchow et al. (2019c) developed a device whereby 

chickens are placed on a rod which is then gently rotated with increasing velocity and the time from 

the chickens grasping the rod until leaving the rod determined. They state that the results covary with 

gait score and this test provides a more objective measure of walking ability with no requirement for 

observer training (Malchow et al., 2019b). 

Caplen et al. (2014) implemented a group obstacle test where a ‘block’ barrier is placed in the middle 

of the pen between the feeder and the drinker and the number of times a bird stepped up onto the 

blocks during the 5 hour test period counted and ‘total crossings’ for the pen determined.  They found 

crossings to be related to lameness (as assessed by gait scoring) and propose this as a potentially 

useful novel test of mobility, that while practical within a pen environment would not translate to a 

commercial setting.  

Runway - social reinstatement tests with (e.g. Tahamtani et al., 2021) or without (e.g. Gebhardt-

Henrich et al., 2021) obstacles, have also been used to measure walking ability (Bokkers et al., 2007; 

Bokkers and Koene, 2004, 2002; Gebhardt-Henrich et al., 2021; Tahamtani et al., 2021)  as well as 

sociality (see section 2.4.8 Motivation or Preference tests (including tests of sociality), page 66). 
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Runway tests involves placing a bird at one end of a runway in sight of another bird or birds and timing 

how long the test bird takes to return to the conspecifics.  

2.4.6.4 Automated measures of walking ability 

Twelve records utilised or explored an automated measurement system for walking ability.  

The automatic detection of lameness has been explored within two main automated behavioural 

analysis systems, Fancom eYenamic and OPTICFLOCK. These two systems are discussed below (and in 

sections 2.4.3.2 Automated measures of activity or movement, page 40; and 2.4.4.2 Automated 

measures of distribution or location, page 44). Two additional records made use of automated 

monitoring of walking ability: Nääs et al. (2018) and van der Sluis et al. (2021). Nääs et al. (2018) 

developed an algorithm from videos of differentially scored broilers (using the Bristol Gait score) to 

determine gait score from their velocity and acceleration. van der Sluis et al. (2021) use ultra-wide 

band tracking of locomotor activity, hypothesising that this was a proxy measure for individual gait 

score. The record found that gait explained little of the variation in activity and further measures 

beyond activity alone would be needed to utilise activity as a proxy for gait. The Fancom and Optical 

flow systems have been successful in relating automatic monitoring of activity through pixelated 

image analysis to walking ability.  

2.4.6.4.1 Fancom eYenamic  

The Fancom eYenamic system was a system that used pixelated images of broilers to investigate lying 

events ((Aydin, 2017a; Aydin et al., 2015b) see section 2.4.6.3.1 Latency to lie, page 52). The output 

of the system has also been explored in relation to gait score. An early small scale experimental study 

by Aydin et al. (2010) showed the potential for early-stage eYenamic software and camera technology 

to measure bird activity as an automatic measurement tool for gait scoring. Aydin (2017b) later looked 

at different features of walking by use of computer vision technology finding strong correlations 

between such features and gait score. However birds were required to walk through a corridor making 

this impractical for commercial application. Van Hertem et al. (2018) utilised data from the eYenamic 

system installed on 5 commercial farms alongside manual gait scoring. The authors found that gait 

score was significantly correlated with flock activity and distribution. However, the results obtained 

were farm dependent and not comparable between farms, suggesting that the system was insufficient 

as a diagnostic tool for absolute flock scores. The authors suggest that the system was appropriate to 

provide a warning system for possible gait problems within one farm allowing for stock people to 

adjust management. 
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2.4.6.4.2 Optical flow / OPTICFLOCK 

As previously discussed, similarly to the eYenamic system, OPTICFLOCK uses ‘Optical flow’ by detecting 

a change in pixelated images. A change in the pixelated images illustrates movement of the birds. The 

technology then compares the statistical properties of this detected movement. 

Flocks with individuals showing abnormal walking behaviour were initially shown to have a lower 

mean flow rate than flocks containing normally walking individuals (Dawkins et al., 2009). Dawkins et 

al. (2012) later found no significant correlation between mean flow rate and gait score. However, 

flocks containing large numbers of abnormally walking individuals did show greater variance in 

movement, skew (a displacement of the modal movement figure from the mean towards slower 

movement) and higher kurtosis (indicating unusual movement). Dawkins et al. (2013) further explored 

the behavioural correlates to optical flow to better understand causal relationships between welfare, 

behaviour and optical flow output. The authors concluded that there is no simple connection between 

optical flow and the behaviours recorded within the study. But that reduced number of birds walking 

for 10 seconds or more may be responsible for the increased kurtosis of flocks with poorer gait scores. 

Most recently, Gebhardt-Henrich et al. (2021), using optical flow, showed a relationship between 

individually tested birds in a runway test and a latency to lie test, and the overall flock measure from 

the flock which they came. They concluded that optical flow at a flock level contains valuable 

information about the activity of individuals within the flock. OPTIFLOCK has been proposed as a 

management tool.  Roberts et al. (2012) showed that optical flow could predict gait score at 28 days 

by day 13 using Bayesian regression techniques and suggested the potential for optical flow to be used 

to support management decisions, allowing adjustments to be made when walking ability appears to 

be at risk. However, it appears that further understanding of what optical flow output is reflecting in 

a flock is still needed, to improve our understanding of what can be done to ‘improve’ optical flow 

scores. 

2.4.6.5 Application of measures of walking ability within commercial broiler production 

Lameness is a key welfare and productivity challenge for commercial broiler production; therefore, a 

reliable measure is very important to allow for stock people and breeding companies to monitor and 

manage lameness. For the practical use of measures of lameness on farm, only measures that detect 

lameness within the first few days of flock placement may be useful for corrective action to be 

implemented in that current flock, otherwise the majority of measures are likely to only be of for the 

prevention or reduction of lameness in future flocks. Most of the measures discussed above are time 

consuming, often require training or experimental equipment and are therefore not attractive for 

easy, bio secure implementation within commercial production. Recording leg culls is common 
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practice across Europe, however because of the effect of culling policies on this measure, care should 

be taken if comparing between farms. Further care should be taken if companies consider incentivising 

producers based on their leg cull rates as this may lead to producers not culling when needed thus 

compromising the welfare of their birds. Stock people make use of this measure to determine flock 

health and welfare, however when leg culls are high it may be too late to perform corrective actions. 

Automated measures of lameness are in development and their predictive abilities are encouraging. 

Understanding how producers could make use of these measures to rectify issues to better the 

welfare of their birds is the next step.  

2.4.7 Fear or Anxiety  

Table 13 Number of records using each measure of Fear or Anxiety 

Subcategory Measure 

Number 
of 
records 

Specific assessments related to Fear or Anxiety  

 Tonic Immobility  39 

 Inversion test  4 

 Human approach/avoidance test 24 

 Novel Object test  9 

 Social isolation/Novel environment test 6 

 Open field 7 

 Emergence test 6 

 Attention bias test 1 

Total number of records containing a measure of fear or anxiety 66 

 

Fear is an emotional response to a current, and known threat to survival whereas anxiety is a longer-

term response to a perceived potential threat (Steimer, 2002). Fear and anxiety may be amplified by 

negative pre-natal and post-natal life experiences. While some ethologists maintain a distinction 

between fear and anxiety, some do not, considering that the fear encompasses biological aspects of 

anxiety too (Steimer, 2002). Chronic states of fear are associated with poor emotional wellbeing as 

well as disrupted biological functioning and furthermore, productivity (Wang et al., 2013). Short term 

fear responses may lead to production losses and welfare challenges from injuries (e.g., scratches) or 

mortality due to smothering. Fearfulness is a much-studied emotion and a significant focus for broiler 

welfare research. Sixty-six records implemented a test of fearfulness or anxiety. Such research 

requires the implementation of a specific test, by inducing fear and monitoring the response of the 

animal. Tests may be implemented in situ within a pen or commercial farm environment with 

relatively limited disturbance to the birds (e.g., Welfare Quality ‘Avoidance Distance Test’) or may 

require removal of the bird from the home pen and implementation of the test within a specially 
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designed arena (e.g., open field test) or apparatus (e.g., tonic immobility). The following section 

discusses each of the specific test developed and implemented within the records relating to fear and 

anxiety.  

2.4.7.1 Specific tests of fear or anxiety 

2.4.7.1.1 Tonic immobility  

Tonic immobility (TI) is characterised by freezing, paralysis or “death-feigning” of an animal. It is 

thought to be an innate, anti-predator response that is initiated when an animal is frightened and has 

exhausted all other means of escape. The TI test is designed to simulate this, with longer TI durations 

believed to be indicative of a more fearful response. TI is generally considered a useful behavioural 

index of fear (Gallup, 1979). Thirty-nine records made use of the TI test, the most frequently applied 

test of fear. While TI tests are fairly standardised in terms of the general application, there is variation 

in the specifics of how TI is applied. The following provides an overview of how TI is applied and the 

variation in application. While most records provided detail on the majority of the following, some do 

not, and simply state that TI tests were applied (e.g. Al-Zubaidy, 2021).  

Firstly, the bird is removed from the home pen or farm. TI tests are typically undertaken away and out 

of sight from conspecifics (e.g. James et al., 2018). The bird is then restrained either directly on a table 

(Iyasere et al., 2018) or within a V or U shaped cradle (Egbuniwe et al., 2016; Mignon-Grasteau et al., 

2017). Some TI tests are implemented with the bird’s head hanging over the edge of the cradle 

(Villagrá et al., 2011). A systematic review by Jones and Faure (1981) compared six methods for 

inducing TI: cradle, cradle and cloth, table, table with head hanging, cloth and cloth with head hanging. 

The review concluded use of a cradle covered with cloth was the most consistent and reliable method 

that required the fewest attempts at induction and least handling. The bird is next restrained by hand. 

Across the records, this restraint is for a varying amount of time, between 10 and 45 seconds. For 

example, Iyasere et al. (2018) restrained the bird for 10 seconds, Archer (2018) for 15 seconds, Wang 

et al. (2013) for 20 seconds, James et al. (2018) for 30 seconds and Ghareeb and Böhm (2008) for 45 

seconds (although their method of restraint appears to be different to the majority of records too). 

For the method of physically restraining the birds, some records do not provide much detail while 

some specify that they covered the bird’s head during the restraint (Villagrá et al., 2011). Others 

further specify restraint method such as by applying pressure on the sternum of the bird with one 

hand while cupping the other hand over the head (Anderson et al., 2021). For Ghareeb and Böhm's 

(2008) longer restraint time they describe gentle pressure on the sternum while holding the neck and 

head in the other hand. As they reached the end of the induction period, the pressure was released 
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gradually so that if the chick moved the induction period could be started again immediately ‘until the 

movement ceased’.  

Another variation in the TI test methodology is how long after the release from restraint that the 

record authors assume TI has not been achieved and thus the bird is re-positioned and restrained 

again. Furthermore the number of attempts of inducing TI varies between records. Skinner-Noble and 

Teeter (2009) gently restrained birds on their sides until they remained in place for 3 seconds. If the 

bird righted itself before 3 seconds it was restrained again, up to three times. Archer (2018) restarted 

the test if the bird righted itself in the first 15 seconds, they would repeat the test once before 

recording the bird to have a TI duration of 0 seconds. Whereas Yildirim and Taskin (2017) recaught the 

bird if it righted itself in the first 10 seconds and then scored TI duration as 0 seconds the test on the 

bird if they did not induce TI after three attempts. Bayram and Özkan (2010) allowed up to 5 attempts 

of restraint.  

Once the bird is restrained a ceiling limit is applied to the duration of TI before the experimenter will 

right the bird and return it to its home pen. This varies from 2 minutes (Archer and Mench, 2014), 

through to 15 minutes (Zulkifli, 2008). Giersberg et al. (2021) terminated the test at a maximum 

latency of 5 minutes for TI tests applied at younger ages. The authors consider that latency to stand 

may not only be influenced by fear but by an inability for birds to right themselves due to their high 

body weight, particularly at older ages. Therefore, they measured the birds first attempt to right 

themselves by monitoring latency to first wing or leg movement and terminated the test at 3 minutes 

when undertaking TI at 35 days.  

Typically, the duration of TI, or latency to righting is measured only (Castellini et al., 2016)  however 

within some records the number of induction attempts are monitored too (e.g. Stadig et al., 2017).  

Indeed, Bayram and Özkan (2010) allowed for up to 5 restraints and divided the TI duration by the 

induction number to calculate the TI duration per induction unit. Archer and Mench (2017) and Huth 

and Archer (2015a) further measured latency to first head movement.  

TI has been used to determine the stress of different management practices such as stocking density 

(Skomorucha et al., 2009), light schedule (Zulkifli et al., 1998) and provision of additional 

environmental complexity (Anderson et al., 2021).  Wang et al. (2013) suggest that TI tests can be used 

in selection for stress-resilient broilers. The authors compared TI performance to growth performance 

under high stress and low stress conditions and found that birds demonstrating a shorter TI duration 

also had better growth performance (higher proportion of breast muscle and improved FCR), more 

positive behaviours such as foraging and preening, and better adaptability to stress. While TI is a 

commonly used and useful test of fear in domestic fowl, conducting the test itself is stressful to the 
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birds raising ethical concerns regarding its use. The requirement for apparatus such as a cradle and 

the long test times makes TI impractical for application within commercial broiler production. The 

variation in the procedure, as demonstrated in these records, suggest a need for better 

standardisation of the test allowing for improved comparison of results across studies.   

2.4.7.1.2 Inversion test  

An inversion test was applied in four of the records (Archer, 2018; Archer and Mench, 2014b; House 

et al., 2020; Huth and Archer, 2015a) all citing the methodology from Newberry and Blair (1993). For 

this test, birds are caught and inverted by holding both legs for 30 seconds. The bird is videoed, and 

the number of wing flaps, vocalisations and body curls are determined. Higher intensities of wing 

flapping are thought to be indicative of more fearfulness. House et al. (2020) consider the inversion 

test to be similar to pre-processing handling. Any human contact is stressful for broilers, particularly 

if not used to human contact, however, prior contact can reduce fear response (Zulkifli et al., 2002). 

Previous human contact with the birds should therefore be controlled for within the application of 

this test. Chickens also do not have a diaphragm therefore inversion may be uncomfortable as the 

viscera compress the heart and lungs impeding function (EFSA panel on Animal Health and Welfare, 

2019). The implementation of this test is therefore stressful to the birds posing ethical concern for its 

use. 

2.4.7.1.3 Human approach/avoidance tests  

A variety of human approach tests have been applied to measure human-animal interaction and 

fearfulness or fearlessness of humans. The Welfare Quality®  (2009) assessment protocol includes the 

use of an approach or avoidance test and thus records utilising this assessment methodology tend to 

include this assessment. Twenty-four records implemented a test to measure birds’ approach to, or 

avoidance of, humans. 

2.4.7.1.3.1 Avoidance/Withdrawal/Flight distance tests  

A series of records include tests to quantify birds’ avoidance response to an assessor. Suggested by 

Graml et al., (2008) for use in laying hens, Graml et al.’s (2008) Avoidance Distance Test requires an 

assessor to slowly (1 step / second) approach a bird with a hand extended in front of themselves, 

starting at a distance of 1.5m away. When the bird moves away, as determined by when it lifts its 

second foot, the distance between the assessor and the bird before withdrawal is determined. Bassler 

et al. (2013) implemented this assessment on 21 birds within a farm, on 89 commercial farms.  Bailie 

and O’Connell (2015) and Baxter et al. (2021; 2019) undertook a slightly modified version of this 

assessment whereby the randomly selected bird is approached from ~5m. This 5m distance was 

chosen rather than the 1.5m suggested by Graml et al. (2008) to avoid assessment of birds unable to 
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retreat due to poor leg health (as per Vasdal et al., 2018). When referring to the results of this test, 

the authors refer to this as a ‘flight’ distance. The authors associated a longer flight distance to reduced 

fearfulness. 

To measure avoidance behaviours more simply, within a pen trial Schwean-Lardner et al. (2012) 

‘quietly’ walked past the pens and simply counted the number of birds that made a physical movement 

away from the assessor. The speed at which the assessor walked, how far away from the pen the 

assessor walks and the description of ‘physical movement away’ are all not described making this test 

unrepeatable.  

2.4.7.1.3.2 Welfare Quality ‘Avoidance Distance Test’ 

The Welfare Quality® (2009) protocol also includes an “Avoidance Distance Test”, however the test 

described in Welfare Quality® (2009) resembles the “Touch test” described by Graml et al., (2008). In 

this test, an assessor approaches a group of at least 3 birds and squats for 10 seconds. They count the 

number of birds within one arm’s length. The assessor then attempts to touch the birds within reach. 

Welfare Quality®, (2009) requires this to be repeated 21 times (in different locations), but if no birds 

have been touched after 12 trials the test is stopped. Fourteen records (Adler et al., 2020; Buijs et al., 

2017; Federici et al., 2016; Giersberg et al., 2021; Göransson et al., 2021; Iannetti et al., 2021a; Muri 

et al., 2019; Plitman et al., 2021; Rayner et al., 2020; Sans et al., 2021b, 2014, 2021a; Vasdal et al., 

2018; Wilhelmsson et al., 2019) make use of the Welfare Quality Avoidance Distance Test. The use of 

the name Avoidance Distance Test is misleading, in fact within the record by Sans et al. (2014) the 

authors further refer to the test as a flight distance test. As no distance is determined, the birds 

monitored are those that do not avoid (or may even approach) the assessor, and there is a clear 

difference between Graml’s Avoidance Distance Test. Welfare Quality might consider renaming this 

assessment “Touch Test” (as it is titled on the assessment record, page 87, Welfare Quality®, 2009). 

Indeed the test is interchangeably referred to as the “Touch Test” by some authors (e.g. Vasdal et al., 

2018). 

While  Welfare Quality® (2009) has standardised the use of the Touch Test (/Welfare Quality 

Avoidance Distance Test) there has been some modification of its application, particularly within an 

experimental facility. The requirement for 21 repetitions is high, especially for small bird numbers. 

Silvera et al. (2016) implemented a touch test (referencing Graml et al., 2008) repeating the test 5 

times due to the small pen size (12m2) and Giersberg et al. (2021) repeated it 6 times.  

2.4.7.1.3.3 Approach tests 

Monitoring the birds that actively approach a human has been suggested as a measure of lack of fear, 

or positive human-animal relationship. Giersberg et al. (2021) implemented a “human approach test” 
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whereby an assessor walked to a test location within the pen and stood for three minutes, during 

which, the number of birds within a 1m semicircle in front of them is counted every 30 seconds. The 

latency for the first chicken to touch the boot of the assessor was also recorded. Meyer et al. (2020a, 

2020b) similarly looked to measure birds ‘interacting’ with an assessor within a pen environment using 

a test that had been previously validated in pigs but hadn’t been applied to broilers previously. Within 

this assessment an unfamiliar person entered the pen, squats for 15 seconds without looking at the 

birds, at 15 seconds the assessor looked up and the number of birds ‘interacting’ (in physical contact 

or directly orientated towards the unfamiliar person) at that exact point, counted via a photo captured 

by another, familiar assessor. The presence of this second assessor is likely to affect results obtained. 

In the record by Archer and Mench (2017), the authors made use of a specially built pen to assess 

individual birds approach behaviours. Birds were placed into the enclosure with three solid sides and 

an observer sits immediately opposite and visible to the bird. The bird’s proximity to the assessor, its 

activity (%time moving) and number of vocalisations was recorded for 3 minutes.  

Approach/avoidance tests have been used to assess impact of different hatching (Giersberg et al., 

2021) and on-farm management practices (e.g. flooring (Adler et al., 2020), provision of enrichment 

(Bailie and O’Connell, 2015; Baxter et al., 2019; Meyer et al., 2020a), and light provision (Schwean-

Lardner et al., 2012)) on fearfulness of broilers. Approach/avoidance tests have further been used to 

assess the welfare of different breeds (Baxter et al., 2021; Rayner et al., 2020), to assess the overall 

welfare of systems (e.g. through implementation within the Welfare Quality protocol) and to better 

understand human-animal relationships (Silvera et al., 2016). As with all fear tests, the test requires 

the elicitation of fear in order to measure the response, however unlike other fear tests (e.g., tonic 

immobility, inversion) these tests do not require additional handling nor elicitation of fear beyond 

what is usual for husbandry or the daily human contact with the birds. Lameness should be accounted 

for within these tests as lame birds may be less inclined to move away from an assessor. Indeed, 

(Vasdal et al., 2018) found that birds with higher gait scores moved away from the assessor less. In 0 

the Welfare Quality Avoidance distance test is applied and the fast-growing birds with a higher gait 

score returned to the assessor less. I consider this to be due to reduced mobility, reduced motivation, 

reduced inquisitively and increased fearfulness. Future use of approach/avoidance tests should 

consider the results alongside a measure of lameness.   

2.4.7.1.4 Novel object tests 

A novel object test is part of the Welfare Quality® (2009) assessment protocol for hens, but has not 

been included in the broiler assessment, however some records still reference the Welfare Quality® 

(2009) protocol. The novel object test consists of the placement of an unfamiliar object within a house 
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or a pen and the subsequent monitoring of the response of the birds. Nine records implemented a 

novel object test (Adler et al., 2020; Bailie et al., 2018b; Bailie and O’Connell, 2015; Bassler et al., 2013; 

Baxter et al., 2021; Giersberg et al., 2021, 2020a, 2020b; Skinner-Noble et al., 2003).  

A variety of novel objects are used and can range from a plastic frog (Giersberg et al., 2020a) to a 

multi-coloured rod (Skinner-Noble et al., 2003). If the test is repeated within an experiment some 

authors (Adler et al., 2020; Bailie et al., 2018b; Bailie and O’Connell, 2015; Baxter et al., 2021; 

Giersberg et al., 2021) used different novel objects for each assessment, whereas Giersberg et al. ( 

2020b, 2020a) used the same object. Using the same object risks habituation to the object and a 

possible reduced response on re-testing.  Furthermore, the colour of the object will impact upon the 

behaviour of the bird. Bailie et al. (2018b); Bailie and O’Connell (2015); and Baxter et al., (2021) all 

used different coloured objects for repeated assessments whereas Adler et al., (2020) ensured that 

each novel object used had identical proportions of green, yellow and red. The use of different shaped 

objects (e.g. a rod or block) covered in tape to control for the affect of colour, as in Giersberg et al. 

(2021), is a logical approach to novel object provision.  

Varying metrics are collected to determine response to the novel object. Metrics include number of 

birds within a 25cm radius (Giersberg et al., 2020b, 2020a) or 1 bird’s length (Adler et al., 2020; Bassler 

et al., 2013); latency until the first bird approaches, latency to the first bird touches the novel object 

(Giersberg et al., 2020b); number of contacts in 60 seconds and number of birds within 50 cm of the 

object (Bailie et al., 2018b; Bailie and O’Connell, 2015). Standardisation of the practical application of 

this test as well as the metrics collected would allow for better comparison across studies. Careful 

consideration should be given to the provision of different novel objects and the colour that these 

objects are. Similarly to the human approach/avoidance tests the walking ability of the broilers should 

also be taken into consideration as the physical ability of the bird is likely to affect whether birds can 

approach or avoid the novel object and thus the results obtained.  

2.4.7.1.5 Social isolation test/Novel Environment test  

A social isolation/novel environment test was implemented in six records. This test consists of an 

individual broiler being caught and placed into an opaque bucket for a set period (2 minutes (Giersberg 

et al., 2021, 2020b) or 3 minutes (Archer, 2018; Archer and Mench, 2014b; Huth and Archer, 2015a, 

2015b)) and the response recorded. Responses include vocalisations (latency to first and number) and 

number of escape/flight attempts (Giersberg et al., 2021). More vocalisations are considered 

indicative of greater fearfulness. Of the included records, three out of six saw a treatment effect on 

novel environment/isolation response.  Giersberg et al. (2021) found only an increase in latency to 

vocalise and a decrease in vocalisation frequency with age. They consider responses to be a 
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compromise between avoiding predation (not vocalising) and regaining social contact (vocalising 

instantly and frequently), and that when the birds are younger, seeking reinstatement of social contact 

is dominant, but this becomes less pronounced as the bird ages. Huth and Archer (2015b) discuss 

whether differentiation between alarm calls and other vocalisations may be important in this test, 

suggesting that further understanding is required. Clearly this is a stressful test for birds, particularly 

as chickens are gregarious animals, raising ethical concerns about the use of this test. The stress of 

removal from conspecifics could override the detection of any treatment effect, reducing the validity 

of the test.  

2.4.7.1.6 Open field test 

Six records implemented an open field test (Al-Zubaidy, 2021; Balážová and Baranyiová, 2010; Ferreira 

et al., 2020; Marin et al., 1997; Mignon-Grasteau et al., 2017; Nielsen, 2012). The open field test is an 

extension of the social isolation/novel environment test but typically includes additional behavioural 

observation and/or inclusion of a measure of ‘activity’. Birds are placed within the centre of an open 

arena which typically has a grid marked on the floor (although (Nielsen, 2012) added a grid post-test 

to videos for observation and (Balážová and Baranyiová, 2010) had no grid). The bird is left in the arena 

for varying amounts of time (3 minutes (Mignon-Grasteau et al., 2017; Nielsen, 2012) 5 minutes (Al-

Zubaidy, 2021; Ferreira et al., 2020; Marin et al., 1997) or 10 minutes (Balážová and Baranyiová, 2010)) 

and observed by video (e.g. Balážová and Baranyiová, 2010) or from a point out of view of the tested 

animal (e.g. Mignon-Grasteau et al., 2017). Number of grid lines crossed was assessed in the majority 

of records, except Balážová and Baranyiová (2010) who undertook scan samples of a variety of 

behaviours. Additional measures undertaken by some but not all records include latency to first step, 

number of squares occupied, escape attempts/jumps, defaecations and vocalisations. Records relate 

performance within the open field test to activity (Al-Zubaidy, 2021; Nielsen, 2012), ‘reactivity and 

exploration level of an individual` (Ferreira et al., 2020), or individual excitability and nervousness 

(Balážová and Baranyiová, 2010). Nielsen (2012) suggests that open field tests can be used to quantify 

social motivation but also recognises that they are influenced by fear. There seems to be little 

agreement on what the open field test is measuring thus its validity is questionable. Similarly to social 

isolation tests, the stress of removal from the home pen and other birds may override any treatment 

effect.  

2.4.7.1.7 Emergence test 

An extension of the social isolation test is the emergence test. Six records (Archer and Mench, 2017, 

2014b; Ferreira et al., 2020; Huth and Archer, 2015a, 2015b; Jones et al., 1999) made use of an 

emergence test. This test involves placing a bird into a modified, lidded box or bucket, leaving them 
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there for 20 seconds (Huth and Archer, 2015a, 2015b), 30 seconds (Archer and Mench, 2017, 2 014) 

or 60 seconds (Jones et al., 1999), sliding a door in the side of the box or bucket open and then 

observing the birds leaving the box or bucket. Latency to exit is typically measured either during 

testing (Huth and Archer, 2015a) or from video (Archer and Mench, 2017, 2014b). Jones et al. (1999) 

further measured latency until the chick vocalized as well as latency until partial emergence, whereby 

the chick extends its head only out. Longer latency to exit is then associated with increased 

fearfulness; however, Ferreira et al. (2020) considers this an assessment of boldness, or propensity 

for an animal to take risks. Four of the six records using this methodology were exploring the effect of 

lighting and lighting during incubation on fear response, measured by use of the emergence test, 

alongside other fear tests. The other records explored the emergence test in relation to ranging 

behaviour and performance in a T-maze.  

2.4.7.1.8 Attention bias task 

Anderson et al. (2021) was the only record to make use of an attention bias task. Attention bias tasks 

explore where animals direct their attention, depending on their affective state. Negative emotions 

result in increased attention to negative information and potential threats, whereas positive emotions 

increase attention to positive information. Attention bias tasks involve presenting animals with both 

positive and negative stimuli and measuring the direction and duration of their attention. Previous 

research in hens has shown attention bias tasks to be a promising measure of anxiety in hens 

(Campbell et al., 2019).  Anderson et al. (2021) explored the effect of environmental complexity and 

stocking density on attention bias (as well as tonic immobility) in broilers. In the first experiment, 

attention bias testing was applied to individual birds. Birds were played a recording of a conspecific 

alarm call and the latency to start eating was recorded. Additional vigilance behaviours were also 

measured as well as latency to first step. In a second experiment, birds were tested in a group setting 

to avoid the stress of isolation. In this experiment, three birds were placed in the arena and played 

the 8 second alarm call recording. Latency to start feeding was recorded for each bird. The test then 

resumed in four different ways, depending on how many birds started feeding and the time point 

within the test that they started feeding. Similarly to experiment 1, additional variables measured 

included occurrence of four vigilance behaviours in the 30 seconds following the first alarm call 

(‘stretching its neck, looking around, freezing, and an erect posture’), and latency to first step when 

the alarm call ended. No difference between treatment was found when testing the birds individually, 

whereas a treatment effect was seen in the group testing. The authors discuss the importance of social 

reinstatement for broilers considering that the shorter latency to first step observed in the individual 

bird testing may have been an attempt to social reinstatement rather than a measure of anxiousness. 

This record highlights the need for any tests to be biologically relevant to the species that it is testing, 
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and that the fact that chickens live in small social groups should be taken into account. Indeed, as 

discussed for many of the tests appearing in the records, individual testing may cause stress such that 

it overrides any detection of treatments. 

2.4.7.2 Application of Fear and Anxiety tests within commercial broiler production 

While each of these tests are regularly associated with fear, and this term used frequently within the 

records, each test is measuring a response to very different scenarios and, as such, should not be used 

interchangeably. There are many complex mechanisms underlying fear responses. Additional 

unreported or often unmeasurable factors will also have large effects on the responses observed (e.g., 

lameness). Indeed, fearfulness measures may be a reaction to the test itself rather than reflecting an 

underlying state. Results are therefore only applicable within the specific experiment or situation in 

which they are employed. Furthermore, within the tests of fear and anxiety there is significant room 

for improved standardisation of protocols. This would allow for better comparison of the same tests 

across trials. The publication of the Welfare Quality® (2009) assessment protocol for broilers has 

resulted in the application of a standardised test across several trials, however, there has still been 

some deviation from this procedure particularly in smaller pens. The experimental design of all fear 

tests clearly has a significant impact on the results obtained. Tests should be biologically relevant. The 

use of group testing appears to be more sensitive and valid for gregarious broiler chickens. Ethically, 

one should also consider the implementation of tests that impose fear upon the birds and whether 

such tests are necessary, or alternatives can be found in order to achieve research or other goals. The 

regular use of fear tests within commercial production is not recommended due to the variation in 

factors contributing to the response and the fact that what each test is testing for is relatively 

unknown. The practicality of implementing such tests in a farm environment is also problematic.  
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2.4.8 Motivation or Preference tests (including tests of sociality) 

Table 14 Number of records using each motivation or preference test (including tests of sociality) 

Subcategory Measure 

Number 
of 
records 

Specific assessments related to motivation to access or 
preference for resources (including tests of sociality)  
 T-maze 5 

 Runway - Social reinstatement test 6 

 Runway test for feed reward 4 

 Preference tests  2 

 Consumer-demand motivation tests 2 

 Preference tests or choice studies 3 

Total number of records containing a measure related to 
motivation to access or preference for resources (including tests 
of sociality) 16 

 

Another subset of specific assessments applied to commercial broilers are tests of motivation or 

preference to access resources, including social reinstatement. Typically applied within an 

experimental setting, these tests require specific equipment and can be time consuming to 

implement.  

2.4.8.1 Specific tests to assess motivation to access, or preference for resources (including tests of 

sociality) 

2.4.8.1.1 T maze 

Five records explored T-maze performance (Jones et al., 1999; Marin et al., 2003, 1999, 1997; Marin 

and Jones, 1999). First described by Gilbert et al. (1989) to better understand state-dependent 

learning, the apparatus consists of an isolation chamber leading to a corridor ending in a T-junction. 

T-maze apparatus is placed within the pen. Both arms of the T have open ends and exit through one 

of these arms is allowed for visual reinstatement with brood mates. A mirror is placed at the end of 

the runway to stimulate movement towards the chick’s own reflection. A chick is placed in the 

isolation chamber and measurements include latency to leave the isolation chamber, latency to reach 

the mirror and latency to exit the maze. The T-maze test is believed to explore elements of both fear 

and social stress, considering that birds that escaped rapidly showed less anxious escape behaviours 

(high performing) than those that took longer to escape (low performing). Preliminary data suggesting 

there was a difference in growth rates between high performing and low performing birds (Marin et 

al., 1997) prompted Marin et al. (1999) to explore this relationship further. The authors found a 

significant relationship between T-maze performance and growth rate, suggesting it is a useful test 
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for selecting birds within breeding programmes. Marin et al. (2003) further refined this work finding 

that latency to leave the start box and latency to reach the mirror were better predictors of weight 

than latency to exit the maze. Marin et al. (1999) explore T-maze performance in relation to 

adrenocortical response elicited by implementation of an acutely stressful ‘swim test’ whereby chicks 

are placed in water. High performing and low performing chicks’ adrenocorticoids were found to differ 

following exposure to the swim test. Jones et al. (1999) explored the underlying variables determining 

T-maze performance in relation to activity levels (determined from home cage observations of 

behaviours), measures of fearfulness (using an emergence test and tonic immobility) and measures of 

sociality (using a runway test and a measure of proximity to conspecifics within the home cage). They 

concluded that T-maze performance was unlikely to reflect different activity or fearfulness, but that 

sociality of birds was influential and required further exploration.  

The T-maze test requires limited handling, and, relative to some other tests (particularly of fear), is 

perhaps not as stressful. Marin et al. (2003) describes the test to be “simple, rapid and non-invasive” 

yet Marin and Jones (1999) recognise the test to be intrinsically stressful due to the sudden isolation 

and unfamiliar environment. The fact that it is not entirely clear what the T-maze is measuring 

alongside the stress induced means that this is not a particularly useful test.  

2.4.8.1.2 Runway – social reinstatement tests 

A similar test, using simpler apparatus than the T-maze, is the Runway - Social reinstatement test. 

These tests have been used to determine sociality of broilers (as well as walking ability – see section 

2.4.6 Walking ability, page 47) and were used to explore social reinstatement in six records (Bayram 

and Özkan, 2010; Ferreira et al., 2020; Gebhardt-Henrich et al., 2021; Jones et al., 1999; Marin et al., 

2001; Nielsen, 2012). The test requires a bird to be placed at one end of a runway, away from its pen 

mates or pen mate (stimulus birds) who are in sight at the other end of the runway. Following an 

acclimatisation period and ‘release’ from the start box, time taken to leave the start box and time to 

return to the stimulus bird (defined by reaching a dedicated zone) is determined. Marin et al. (2001) 

showed that exposure to an acute stressor resulted in birds leaving the start box sooner and spending 

longer near the stimulus bird, suggesting that this frightening event facilitated social reinstatement. 

This was further facilitated when pen mates were used rather than unfamiliar birds. They highlighted 

the need to consider fear and sociality when undertaking these tests. Furthermore, the physical ability 

of the birds will clearly affect performance within this test.  

Runway - social reinstatement tests may be used to assess walking ability (Gebhardt-Henrich et al., 

2021; see also section 2.4.6.3.2 Other specific test of walking ability, page 53) and further, if feed is 

placed within the goal area rather than a conspecific, can be used to determine individual motivation 
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to access feed (Bokkers et al., 2007; Bokkers and Koene, 2004, 2002; Buijs et al., 2011a; see also  

2.3.1.3 Specific tests for feeding behaviour - Preference tests).  

2.4.8.1.3 Other motivation tests  

Preference tests or choice studies attempt to allow an animal the opportunity to show relative 

preference for an environment by allowing and observing the movement of birds across different 

locations with varying environmental conditions. Shields et al. (2004) explored preference for 

dustbathing substrate and Maia et al. (2019) created equipment to test preference for different 

environmental conditions of differing temperatures and ammonia concentrations in the air.  

However, preference tests do not show strength of preference or motivation. Consumer-demand 

motivation tests involve presenting an animal with an increasingly challenging obstacle which they 

may overcome to access a resource. Monckton et al. (2020) explored chicks motivation to access 

unsoiled or soiled bedding by measuring attempts and time spent pressing against increasingly 

weighted doors. Buijs et al. (2011a) explored preference and motivation to access different stocking 

densities by overcoming a barrier of increasing heights.  

2.4.8.2 Application of measures of motivation to access resources within commercial broiler 

production 

The application of these tests within a commercial environment is not particularly practical due to the 

required equipment, nor is it likely to be particularly useful. Such tests may be useful in research 

settings or to answer specific research questions yet what they tell you about birds’ generalised 

welfare within a commercial environment is not known. Like fear tests, often there are additional 

underlying factors that affect performance within these specific assessments beyond the ‘expected’ 

affects. While for T-maze performance Jones et al. (1999) attempted to explore the relative 

contribution of these different factors their results were not entirely conclusive. When using these 

motivation tests additional factors (e.g., lameness, handling prior to testing) should be controlled for.  
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2.4.9 Behaviour at catching, transport, stunning, and slaughter   

Table 15 Number of records using each measure of behaviour at catching, transport and slaughter 

Subcategory Measure 

Number 
of 
records 

Direct observations of behaviour at catching, transport, 
stunning, and slaughter   

 Overall behaviour 6 

 Agitation or distress 5 

 Behavioural reflexes for consciousness 10 

Specific assessments related to catching, transport, stunning, 
and slaughter  
 Free choice experiments  2 

Total number of records containing a behavioural measure 
related to catching, transport, stunning, and slaughter 22 

 

The process of transport and slaughter of animals of poses significant welfare challenges. Welfare 

challenges at slaughter may be of physical origin (e.g. pain from inappropriate handling, shackling or 

stunning methods) or of psychological origin (e.g. stress from change in environment) (Terlouw et al., 

2008). Welfare during transport and slaughter is an emotive subject for consumers (Hall and 

Sandilands, 2007) . Furthermore, ensuring acceptable welfare at slaughter can affect product quality 

and therefore has economic consequences for supply chains (Mir et al., 2017). The ethical and 

economic importance of welfare at the end of an animal’s life has necessitated a body of research to 

improve practices at transport and slaughter. Twenty-two records undertook behavioural 

assessments that related to transport and slaughter. Six records undertook direct behavioural 

observations of overall behaviour to determine changes or comparative behaviour in different 

scenarios for aspects of transport and slaughter. Five records considered distress or agitation. Ten 

records looked at behaviour reflexes indicative of consciousness when trialling different stunning or 

killing techniques and two records implemented specific tests to determine avoidance of different 

components of transport or gas killing.  

2.4.9.1.1 Overall behaviour at catching, transport, stunning, and slaughter 

Six records explored overall behavioural responses of defined behaviours compared in different 

scenarios for aspects of transport and slaughter. Zulkiflil et al. (2010) compared the behavioural 

response of Red Jungle Fowl and commercial broilers to transport and relocation with the use of a 

simple ethogram and instantaneous scan samples. No baseline measures were determined prior to 

transport and thus the behavioural differences observed may have been due to change in 
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environmental conditions rather than transport or relocation per se. None-the-less, the authors 

inferred greater frustration in the Red Jungle fowl due to increased pacing. 

Martin et al. (2016) made use of an extensive ethogram to determine response of birds to a Low 

Atmospheric Pressure stunning system and interpreted the results in relation to the welfare of the 

birds being stunned.  McKeegan et al. (2007) observed the behaviour of birds in an experimental 

setting, exposed to different Controlled Atmosphere Stunning system gas stunning approaches, and 

made inferences regarding the welfare and experience of the birds. The authors observed 

headshakes/flicks, mandibulation, respiration disruption, struggling, wing flapping and twitching. 

Coenen et al. (2009) observed 9 different behaviours to determine response to three different gas 

mixtures but this time within a commercial setting. To determine the experience and welfare 

implications of high-expansion gas-filled foam as an emergency killing method, McKeegan et al. (2013) 

undertook direct behavioural observations of counts of headshakes, gasping, escape attempts and 

foam avoidance. The authors also observed time to ataxia, loss of posture, wing flapping and cessation 

of movement, as these behavioural reflexes have been used as indicators of loss of consciousness in 

other records and are discussed below.  

Tinker et al. (2005) adopted a different, qualitative approach to determining the experience of animals 

through assessment of behaviour. Videos were prepared of two mechanical unloading systems for 

broiler transport containers. A panel of assessors were provided with pairs of video clips of birds being 

offloaded using the mechanical handling machines or its updated version. The panellists were asked 

to select a preferable clip. Assessors were not experienced with poultry handling systems and were 

not given any selection criteria. The authors compared the results of the quantitative analysis with 

qualitative data describing carcass damage. The updated handling machine showed improvements in 

the quantitative carcass damage scores and the qualitative preference from the panel.   

2.4.9.1.2 Agitation or distress during the catching, transport, stunning, and slaughter  

Avoiding or minimising agitation or stress during transport/catching/stunning/slaughter has resulted 

in the application of measures from which we can infer stress or distress. During stunning or killing 

Baker et al., (2019) associated head shaking and gasping with distress. Struggling behaviour has also 

been associated with distress or agitation and was measured during catching (De Lima et al., 2019) 

and shackling (Lines et al., 2011a; Satterlee et al., 2000). The use of a measure of struggling behaviour 

is similar to an inversion test (see section 2.4.7.1.2 Inversion test, page 59) whereby fear is associated 

with increased struggling or wing flapping (Newberry and Blair, 1993). Jones et al. (1998) specifically 

explored a ‘calming device’, a hood placed over the birds’ head, to accelerate immobility reactions 

during inversion. In their explorations they measured struggling, vocalisations and respirations but 
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recognise that lack of struggling may be a freezing behaviour, like Tonic Immobility. Lack of struggling 

behaviour may therefore not actually indicate reduced stress or agitation.  

2.4.9.1.3 Consciousness at stunning and slaughter 

Rapid loss of consciousness or sensibility is important during slaughter to stop sensorial awareness of 

the environment and possible perception of pain or distress (Terlouw et al., 2016). Consciousness was 

inferred from behavioural reflexes in ten records. Such observations were employed when exploring 

effectiveness of stun or killing systems. To determine consciousness a range of measures have been 

used, often in conjunction with each other, as different reflexes indicate change of or cessation of 

different biological functions (Baker-Cook et al., 2021). For example, Baker-Cook et al. (2021) used a 

suite of behavioural indicators to determine insensibility and death. The authors measured cessation 

of the eye reflexes (nictitating membrane reflex, pupillary light, palpebral blink), time until rhythmic 

breathing stopped, and cloacal winking and convulsions. When all reflexes had terminated for 30 

seconds, the birds were considered dead. Further reflexes explored within the records include: 

response to comb pinching (pain response) (Hindle et al., 2010; Lambooij et al., 2010); loss of posture 

(Baker et al., 2019; Martin et al., 2020) and motionlessness (Baker et al., 2019); tonic clonic convulsions 

such as wing flapping (Martin et al., 2020; Prinz et al., 2012) or leg paddling (Martin et al., 2020); loss 

of neck tension (Lines et al., 2011b); and mandible tone (Gibson et al., 2016). Often these behavioural 

observations are considered alongside electroencephalogram measurements to further infer loss of 

consciousness and sensibility (e.g. Lines et al., 2011b). Monitoring multiple reflexes that are indicative 

of different biological functions and only determining loss of consciousness when several of these 

reflexes are absent reduces the risk of assuming an unconscious state when the animal is still 

conscious.  

The majority of the behavioural reflex observations for consciousness at slaughter are not practical 

within a commercial environment. Anastasov and Wotton (2012), assessed different water bath 

stunning parameters and evaluated various, practical to assess, behavioural reflexes to determine 

effectiveness of stunning in a commercial setting. They looked at corneal reflex, rhythmic breathing, 

head shake and escape behaviour, and concluded that escape behaviour was not practical and not all 

unstunned birds showed this behaviour. They concluded that while the remainder of these measures 

could be used to demonstrate unconsciousness, this was not without risk of error.   

2.4.9.1.4 Specific tests at catching, transport, stunning, and slaughter  

Two records implemented specific tests to understand avoidance of different components of 

transport or slaughter. MacCaluim et al. (2003) measured aversion for different components 

experienced during transport. In the free choice experiment, each of four chambers contained a 
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vibrational, thermal, vibrational and thermal, or no stressor. The authors found that broilers avoided 

the high thermal conditions but not the vibrational chamber.  Sandilands et al. (2011) also used choice 

tests to determine aversiveness to different lethal gas mixtures. The authors measured time chickens 

spent in the feeding and drinking station where each gas treatment was present assuming more time 

was indicative of less aversiveness. They also measured frequency of head shakes relative to time 

spent in the feeding and drinking station. Choice tests may be useful in research settings or to answer 

specific research questions, but do not tell you about birds’ generalised welfare within a commercial 

environment. Their application on farm or at slaughter is therefore limited. 

2.4.9.2 Application of measures of behaviour at catching, transport, stunning, and slaughter for 

commercial broiler production 

Behaviour has been used to assess welfare of broilers at catching, transport or slaughter within both 

a trial and commercial setting. However, there are no formalised assessment methodologies routinely 

applied. Behaviour of birds within commercial broiler production could be used to assess welfare of 

birds at different points of processing. For example, during catching, flight behaviour of birds could be 

assessed, potentially automatically to determine humaneness of catching teams. During transport, 

behaviour of the birds within the crates could be assessed to better understand transport conditions 

and welfare of birds being transported. Following stunning, behavioural reflexes could be monitored 

to ensure effectiveness of equipment or stunning settings. The use of behavioural measures during 

catching transport or slaughter provides an opportunity for monitoring and implementation of 

modifications to practices for continuous improvement. 

2.4.10  Qualitative Behavioural Assessment  

Table 16 Number of records using Qualitative Behavioural Assessment 

Subcategory Measure 

Number 
of 
records 

Specific assessment  
 Qualitative Behavioural Assessment 11 

Total number of records using Qualitative Behavioural 
Assessment  11 

 

Qualitative Behavioural Assessment (QBA) is a “whole animal approach” to assess the welfare of 

animals through observation of the expressive qualities of their behaviour, or their body language. 

QBA was used in eleven records (Bassler et al., 2013; Buijs et al., 2017; de Jong et al., 2016; Federici et 

al., 2016; Iannetti et al., 2021b; Muri et al., 2019; Plitman et al., 2021; Rayner et al., 2020; Sans et al., 
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2014, 2021b, 2021a). QBA requires assessors to score animals against a series of terms using a visual 

analogue scale (VAS). It is part of the assessment for “appropriate behaviour” within  Welfare Quality® 

(2009), determining “positive emotional state” and features in eight records as part of the 

development (Bassler et al., 2013) and implementation of this protocol (Buijs et al., 2017; de Jong et 

al., 2016; Federici et al., 2016; Iannetti et al., 2021a; Plitman et al., 2021; Sans et al., 2021b, 2014). 

QBA output may be analysed by use of principal component analysis or as per the calculation outlined 

in Welfare Quality® (2009). This calculation weights terms based on a previous principal component 

analysis to produce an overall score. This score is then combined with scores from other assessments 

and should be considered as part of the overall Welfare Quality® assessment. 

A series of records apply QBA to Brazilian flocks (Federici et al., 2016; Sans et al., 2021a, 2021b, 2014) 

to compare different housing systems, with varying results. Federici et al. (2016) considers the need 

for regional-specific terms rather than direct translation of the Welfare Quality terms. Subsequent 

records (Sans et al., 2021b, 2021a) applied to Brazilian flocks make use of a list of terms developed 

specifically in Portuguese by a Brazilian expert panel (Souza et al., 2021). This highlights the need for 

terms to be relevant to the assessor. 

There is limited application of QBA in broilers specifically exploring its use and validity. Muri et al. 

(2019) investigated associations between QBA and other animal-based measures (footpad dermatitis, 

lameness, touch test etc) over 50 commercial farms growing conventional broilers. The authors found 

association between QBA and the touch test and between QBA and mortality. The authors concluded 

that QBA should not be used as a standalone assessment of welfare and that further validation was 

required. Bassler et al. (2013); and de Jong et al. (2016) also only detected weak associations between 

QBA and other animal-based measures highlighting the need for QBA to be applied alongside other 

measures.  

2.4.10.1 Application of Qualitative Behavioural Assessment within commercial broiler production 

The use of QBA in commercial broiler production is promising as it simple and quick to apply. This 

thesis further explores the use of QBA within commercial broiler production.  

2.4.11  Methodological limitations 

Systematic literature reviews are undertaken using a defined process to distil information in a way 

that is repeatable. A process of record selection and inclusion is used to identify, critique and then 

summarise primary research articles. These reviews provide a useful methodology to draw together 

multiple findings and to identify gaps within research. Potential limitations include the risk of evidence 
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selection bias’, where not all available information is obtained within the review. Repeatability of the 

process should be confirmed through use of conformation of categorisation of the records. 

Evidence selection bias can arise due to study publication bias. Publication bias describes how research 

is more likely to be published if it obtains a statistically significant (p<0.05) result (Dwan et al., 2013) 

or positive result (van der Schot and Phillips, 2013). Biases towards publication where results show an 

improvement in animal welfare in ‘treatment’ groups compared to animals within control or no 

treatment groups has been shown within the animal welfare science literature (van der Schot and 

Phillips, 2013). The magnitude of effect of publication bias on systematic reviews is hard to determine. 

In relation to this investigation, it is perhaps not relevant seeing as the aim of the review is to 

synthesise possible behavioural assessment protocols for commercial broilers and such biases 

essentially provide an additional screening phase determining whether assessments are appropriate 

or not. However, it is possible that not all assessment methodologies were captured within this review. 

Further selection biases may exist in that the databases selected may not have contained all the 

relevant records.  

Categorisation of records was undertaken entirely by AR. This review would benefit from the 

confirmation of categorisation of the records by another assessor. This could be achieved through 

randomly selecting a proportion (e.g. 20%) of the included records and the categorisation 

implemented by another person. Agreement between the two categorisations could then be 

confirmed. 
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2.5 Conclusion 

Currently there is a bias towards the collection and reporting of health-related welfare outcomes for 

broilers. Assessment of physical health alone does not provide a full picture of welfare. Therefore, in 

order to better monitor and measure animal welfare, there is a need to incorporate some measure of 

how animals choose to spend their time (Dawkins, 2003), or their overall behavioural expression or 

‘body language’ .  

Within the records, a large range of behavioural measures, or behavioural based welfare measures 

were applied and considered all aspects of broiler production and welfare. In general, measures 

employed focused on production parameters, for example feeding behaviour, or challenges to broiler 

welfare such as walking ability or fear. Alternatively, behaviour is broken down into certain 

components such as activity perhaps oversimplifying the breadth of information provided by the 

behaviour of the birds. Where relationships between behavioural measures and welfare are then 

assumed, behaviours are still related back to negative health outcomes and rarely are the actual 

behaviours, or behavioural time budgets of the birds, considered in detail. To date, only through 

lengthy direct behavioural observations can time budgets be ascertained. There has been a focus on 

what is easy to measure and perhaps not what is meaningful. This oversimplification of behaviour 

means that existing behavioural measures typically do not provide the information that is needed to 

better understand and monitor welfare. 

It could be considered that behavioural expression is composed of two components. Firstly, there is 

what the animal is doing and then secondly, how they are performing, or the valence of, that 

behaviour. Both components are key in the interpretation of the relevance of the behaviour to the 

welfare of the animal. For example, a bird may be running in a playful manner, or may be running in 

fear from a predator.  

In order to determine what an animal is doing; direct behavioural observations are required. Recent 

developments in machine learning and identification of behaviours provides a possibility that direct 

behavioural observations may be automated in the future. The recent promotion of positive welfare 

within welfare science, recognises that good welfare, or a ‘good life’, is about the promotion of 

positive experiences rather than just negating negative experiences (FAWC, 2009; Mellor, 2016). 

Moving forward, there is an opportunity for a behavioural measure to capture behaviours of broilers 

that are ‘priority behaviours’ (Weeks and Nicol, 2006) or ‘positive behaviours’; behaviours that are 

positively rewarding, valued by the animals and associated with positive affective states. Of the 

categories of behavioural measures reviewed, positively valanced behaviours may be monitored 
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through direct observational measures. There were no records, other than the chapter later presented 

(Rayner et al., 2020), that specifically considered measuring or monitoring positive behaviours only 

within the concept of positive animal welfare. Measuring positively valanced behaviours will raise the 

importance of these behaviours and hopefully prompt the industry to adapt practices or production 

systems to promote these behaviours.  

QBA provides a holistic appraisal of how birds are behaving, while observing the actions and 

behaviours of the birds (but ultimately not recording them). QBA has been proposed as a measure of 

emotional wellbeing (Cooper and Wemelsfelder, 2020) or ‘appropriate behaviour’ (Welfare Quality®, 

2009) for farm animals. This thesis explores the use of QBA for commercial broilers in detail.  

 

The next chapter adds to the literature of QBA application to broilers by determining whether 

agreement in QBA scores can be achieved by a group of commercial broiler producers. Furthermore, 

I investigate whether the critical appraisal of broiler behaviour has wider benefits than observation 

alone.  
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Chapter 3 Agreement between broiler producers 

when applying a modified Free Choice Profiling 

approach to QBA 

 

“Sometimes doing the same job can make you complacent and this brings it back 

to the front of your mind again, sometimes you can’t see the wood for the trees.” 

Participant Broiler Producer (2016) 
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Abstract 

The use of Qualitative Behavioural Assessment (QBA) within broilers is limited, particularly outside of 

a research context. This study aimed to understand whether broiler producers would achieve good 

agreement in QBA assessments of broilers from videos using a modified free choice profiling (mFCP) 

methodology. I further wanted to test the hypothesis that participation in a practical QBA workshop 

would positively impact upon producer’s attitudes to animal welfare and how they approached 

behavioural observation. Finally, I wanted to understand producer’s opinion of the QBA exercise and 

its application. Twenty-one producers took part in the mFCP QBA exercise. The mFCP methodology 

was undertaken in two phases. The first phase consisted of two group workshops, the second phase 

consisted of individual meetings, three months after the initial workshops. Both workshops in the first 

phase were run to the same format. Producers were invited to generate QBA terms (e.g. calm, 

stressed) while watching 15 video clips showing a range of broiler behavioural expressions, filmed in 

a variety of commercial and pen-trial broiler systems. In the second phase during follow-up individual 

meetings, producers were given the chance to modify their term lists after exposure to the top 22 

terms generated collectively in the workshops. In the same meetings, producers used their finalised 

set of terms to score the same 15 video clips. Scores were analysed together using Generalized 

Procrustes Analysis. There was significant consensus between producers (p<0.001), two main 

multivariate dimensions of broiler behavioural expression were identified. Dimension 1 (52.0% var.) 

ranged from inquisitive/playful to flat/lethargic, and Dimension 2 (30.1% var.) from 

comfortable/content to stressed/flighty. To understand the impact of the mFCP exercise on attitudes 

to broiler welfare and approach to behavioural expression, questionnaires were completed by the 21 

Test participants before and after the mFCP QBA exercise. The same questionnaires were also 

circulated to 12 control participants who did not participate in the mFCP QBA exercise. The mFCP QBA 

exercise did not appear to affect attitudes towards animal welfare nor how producers approached 

behavioural observation. However, producers positively evaluated their participation in the mFCP 

QBA exercise, particularly highlighting its potential use for training broiler producers new to the 

industry. Requiring producers to specifically observe how animals express themselves, QBA, as a 

participatory observational method, could make a useful contribution to training programmes in 

animal health and welfare management. This is an additional application of QBA warranted further 

exploration (see Chapter 4).  
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3.1 Introduction  

Qualitative Behavioural Assessment (QBA), developed by Wemelsfelder et al. (2000), is a method of 

quantifying or recording behavioural expression of animals. It makes use of observer rating scales to 

score animals against sets of terms to describe the overall demeanour, or body language, of animals 

(Wemelsfelder et al., 2000).  

There are two methodologies for applying QBA. The first, Free Choice Profiling (FCP) (Wemelsfelder 

et al., 2001), requires  assessors to generate their own set of terms to assess the animals by.  This 

method requires a minimum of 10 assessors to be statistically significant and is therefore not practical 

for many on farm welfare assessment requirements. As such, a second methodology, the fixed list 

methodology, has been more recently adopted. Fixed lists comprise of a set list of terms that are 

typically developed through expert consultation to produce terms that are relevant to the animals 

within the production systems to be assessed. The Fixed list methodology has been shown to provide 

similar agreement between observers compared to FCP (Clarke et al., 2016). 

Both fixed list and FCP methodologies have been successfully applied to a range of farm animal species 

including pigs (FCP, Rutherford et al., 2012), dairy cows (fixed list, Andreasen et al., 2013) and goats 

(fixed list, Grosso et al., 2016). QBA has been used to quantify and distinguish between behavioural 

and physiological responses to different experimental treatments. For example, Wickham et al. (2012) 

used a FCP methodology for QBA to predict behavioural responses to transport of transport-naïve and 

transport-habituated sheep. Meaningful correlations were also found between QBA scores and 

physiological measures, including measures that have been interpreted to be indicative of stress. 

Wickham et al's (2012) study was later supported by similar findings in transported cattle (FCP, 

Stockman et al., 2013).  

The Application of QBA to poultry, particularly broilers, is limited. Forkman and Keeling (2009) showed 

good inter-observer reliability using fixed term for hens. The authors concluded that their results 

reflected a robust pattern of animal behavioural expression. Bassler et al. (2013) explored associations 

between resource-based measures and animal-based measures of animal welfare, including QBA, in 

a cross-sectional study of 89 European broiler flocks. QBA, using the fixed list methodology, was found 

to be associated with only two of the resource-based measures explored - number of different 

stockmen and dark period at 3 weeks of age. The authors concluded that the complexity of the output 

of QBA reflects the complex nature of animal behaviour. Furthermore, QBA outputs indeed may not 

be related to resources, or the specific resources that the authors measured.  Muri et al. (2019) applied 

a fixed list methodology of QBA to 50 Norwegian broiler flocks concluding that QBA should not be a 
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standalone welfare assessment due to its inability to predict other welfare outcomes, but that QBA 

provided useful supplementary information within a suite of assessments.  

QBA’s presence within the Welfare Quality (Welfare Quality®, 2009) protocols has resulted in its  

application within farm animal welfare research and the commercial application of QBA is increasing. 

In early 2021 UK retailer, Waitrose, announced that their field team will be trialling QBA as an audit 

tool across farms supplying them (Farming UK, 2021).   

The aim of this study was fourfold. Firstly, I wanted to understand whether broiler producers achieve 

good agreement in QBA assessments of broilers from videos using a modified FCP (mFCP) 

methodology. Secondly, I wanted to test the hypothesis that participation in a practical QBA workshop 

would positively impact producer’s attitudes to animal welfare. Thirdly, I wanted to explore whether 

participation in the workshop would alter how producers approached behavioural observation. 

Finally, I wanted to understand producer’s opinion of QBA. 

3.2 Materials and methods 

For the Test group of broiler producers, I ran two workshops  in two regions of the UK on the 16th of 

February and the 23rd of March 2016. Follow-up sessions with individual producers were undertaken 

3 months later. The workshops and individual sessions in combination, formed what I have termed 

the Modified Free Choice Profiling (mFCP) QBA exercise. The exercise is modified as it does not follow 

the usual process of a Free Choice Profiling exercise, such as that described by Wemelsfelder et al., 

(2001). Questionnaires to assess participants’ attitudes to animal welfare, their approach to 

behavioural observations and to determine their opinion of QBA were completed before and after the 

mFCP QBA exercise. A Control group comprised of 12 additional producers did not complete the mFCP 

exercise but completed the questionnaire twice, three months apart (Control group). Figure 6 shows 

the process of implementation of the workshops and initial sessions.  
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Figure 6 Flow diagram detailing the process of implementation of the modified Free Choice Profiling (mFCP) 

exercise and application of questionnaires for the Test and Control groups 
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3.2.1 Participants 

For the Test group, 25 broiler producers participated in the initial workshops (15 from England, 10 

from Scotland) and 21 producers (12 from England, 9 from Scotland) returned for individual follow up 

sessions. Of the 21 fully participating Test producers, mean years working with poultry was 18.75 years 

(Range: 2 to 31 years). The Control group comprised 12 additional producers. Mean years working 

with poultry for the Control group was 26.81 years (Range: 4 to 43 years). All participating producers 

were farm managers, managing farms that grew indoor broilers for the same UK chicken supplier. 

Participants were selected for the study by the supplier and formed a focus group for a UK retailer 

with a wider remit than the study. Participants were representative of typical broiler producers. 

3.2.2 Modified Free Choice Profiling exercise  

3.2.2.1 Initial workshops 

Both workshops followed the same format: The Before questionnaire (Table 18) was provided to all 

Participants. Participants completed the questionnaire without any prior knowledge of the study. 

Three hours after completing the questionnaire a brief presentation was given. The presentation 

introduced QBA and described why behavioural expression and its measurement is important for 

broilers, consumers, retailers, and producers. Following the presentation, a practice video was shown 

to the participants. Participants were encouraged to discuss and provide terms out loud for the 

expressive qualities of the birds’ behaviour. The participants were then shown 14 videos of broilers 

showing a wide range of behaviours (Table 17). Participants were asked to write down their own terms 

for each video and could write these terms at any point during or after the video. Discussion amongst 

participants was not restricted in these initial sessions. 

3.2.2.2 Preparatory Analysis 

Between the initial workshops and individual sessions, terms generated by each participant were 

sorted and those used to describe the expressive qualities of how birds were behaving were identified. 

Terms were converted in the positive valence where possible. The ‘Top terms’ were also identified - 

those that had been generated by more than one participant. The top 22 terms were Active, Happy, 

Content, Stressed, Flat, Playful, Comfortable, Lively, Inquisitive, Relaxed, Lethargic, Sleepy, Calm, 

Chilled out, Flighty, Bothered, Alert, Tired, Bored, Slow, Disturbed and Apprehensive (Table 19). 

3.2.2.3 Individual sessions 

Twenty-one participants returned for individual sessions three months after the initial workshops. 

Within each Individual session participants were first reminded of the project then provided with the 
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sorted list of terms that they had generated in the initial workshop. In addition to the list of terms the 

participant had generated, participants were provided with the top 22 terms (‘Top terms’). These ‘Top 

terms’ were provided randomly on individual cards to encourage participants to generate lists of terms 

that covered a range of expressive qualities for broilers. Participants were asked to modify their list 

and were encouraged to select terms that would not be used interchangeably with another term 

(Table 19, ‘Terms selected before QBA exercise’).   

Response sheets for scoring the video clips were printed including each participant’s set of chosen 

terms (‘Terms selected before QBA exercise’). Each term was listed alongside a visual analogue scale 

(VAS), a 125mm straight line, ranging from ‘minimum’ to ‘maximum’ (Figure 7). Participants scored 

each term by marking a line through the VAS at the appropriate point between minimum and 

maximum. An initial video was shown to the participants, they were instructed to watch the video 

whilst thinking through the meaning of each term they had chosen. This video was left running until 

each participant had scored the video and indicated that they were confident in the meaning of their 

terms and how to use the VAS scale. 

 

Figure 7 Example Visual Analogue Scale 

 

Participants watched and scored 14 further video clips of broilers from a range of different systems 

showing a wide range of behaviours (Table 17).  Video clips had been collected specifically for this 

study as well making use of clips from previous projects. Video clips were short and chosen to show 

homogenous behaviours within each clip. Participants could mark down their scores at any point 

during or after the clip.  

At the end of the video watching session, participants were again given the opportunity to revise their 

list of terms or stick with their chosen list (Table 19, ‘Terms selected after QBA exercise’). Participants 

were provided the After questionnaire for completion. 
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Table 17 Descriptions and order of video clips shown in individual sessions for the modified Free Choice Profiling 

exercise. 

Order  
Age 
(days) 

system Breed Description 

Test 35 Free Range 
Slow growing 
Rowan Ranger 

Mid-way through production, free range 
broilers,  by pophole 

1 28 Pen trial 
Standard, fast-
growing broilers 

Near to end of production, standard fast-
growing broilers. Small numbers of birds in trial 
pen 

2 3 
RSPCA 
Assured 
indoor 

Slow growing 
Hubbard JA787s 

Very young, indoor high welfare, slower 
growing chicks 

3 49 Free Range 
Slow growing 
Rowan Ranger 

Large fully feathered, brown, free range broilers 
outdoors, foraging  

4 35 
Standard 
Indoor 

Standard, fast-
growing broilers 

Standard fast-growing indoor broilers, near to 
end of production  

5 33 
RSPCA 
Assured 
indoor 

Slow growing 
Hubbard JA787s  

Mid to end of production, indoor high welfare 
slow growing broilers camera held by someone 
walking through the birds  

6 28 
Standard  
Indoor  

Standard, fast-
growing broilers 

Near to end of production, standard indoor 
fast-growing broilers, high stocking density, 
panting 

7 21 Pen trial 
Standard, fast-
growing broilers 

Mid-way through production, standard fast-
growing broilers, small numbers of birds in pen 
trial 

8 35 
RSPCA 
Assured 
indoor 

Slow growing 
Rowan Ranger 

Mid to end of production, indoor high welfare, 
slower growing broilers interacting with 
enrichment object (bale) 

9 18 
Standard 
Indoor 

Standard, fast-
growing broilers 

Mid-way through production, standard indoor,  
broilers playing on piled chick paper 

10 35 Free Range 
Slow growing 
Rowan Ranger 

Mid-way through production, free range 
broilers by pophole to range 

11 14 
Standard 
Indoor 

Standard, fast-
growing broilers 

Mid-way through production standard, fast-
growing, indoor broilers playing  

12 49 Pen trial 
Lohmann Dual 
Purpose 

Large, dual purpose birds, in small pen trials, 
birds showing range of behaviours 

13 7 Free Range 
Slow growing 
Hubbard JA787s  

Young chicks, RSPCA Assured indoor production  

14 28 
Standard 
indoor  

Standard, fast-
growing broilers 

Near to end of production, standard, fast-
growing indoor birds panting  
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3.2.3 Before and After questionnaires 

The aims of the questionnaires were to a) establish before and after ‘Attitudes to animal welfare’; b) 

to understand broiler producers’ ‘Approach to behavioural observations’; and finally, c) to determine 

producer’s ‘Opinion of QBA’. Questionnaire questions are detailed in Table 18. ‘Attitudes to animal 

welfare’ (a) were explored by application of a questionnaire formed of a set of multiple choice 

questions, developed by Austin et al. (2005) and modified to be relevant to broiler production. 

Approach to behavioural observations (b) was explored using open response questions. ‘Attitudes to 

animal welfare’ and ‘Approach to behavioural observations’ questions were repeated in both Before 

and After questionnaires, before and after the mFCP QBA exercise. The After questionnaire also 

included an additional open response question asking whether participants’ approach to behavioural 

observations had changed. Producer’s 'Opinion of QBA’ (c) was explored through additional questions 

in the After questionnaire asking whether participants thought QBA could be a useful tool for training, 

daily management, self-reporting or auditing by use of a 125mm VAS’ from ‘not at all useful’ to 

‘extremely useful’. Before and After questionnaires were provided to all participants (Test group). 

Before questionnaires were provided to 12 additional control producers from the same UK chicken 

supplier  twice, three months apart (Control group). Table 18 details questions, response options and 

associated aims for the before and after questionnaires.  
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Table 18 Questions, response options and associated aim for Before and After questionnaires (Questions 1-58 

modified from Austin et al. (2005)) 

 
Question 
number  Question  

Response 
options Aim 
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1 I often visit my broilers just to see how they are getting on 

Multiple 
choice  
1. Strongly 
Disagree 
2.Disagree 
3. Neither 
agree nor 
disagree  
4. Agree 
5. Strongly 
agree 

a)
 A

tt
it

u
d

es
 t

o
 a

n
im

al
 w

el
fa

re
 (

M
o

d
if

ie
d

 f
ro

m
 A

u
st

in
 e

t 
al

. 
2

0
0

5
) 

2 I do not like to kill rabbits but do so if strictly necessary 

3 There are differences between staff in their care of animals 

4 I like to keep my staff informed about changes to the law on animal welfare 

5 I have no qualms about personally killing rabbits 

6 
If an animal is reproducing efficiently its welfare standards must have been 
good 

7 I like to be informed about new knowledge relating to animal welfare 

8 I do not like to kill foxes and actively avoid doing so 

9 I think of my stock mainly in terms of their market value or cost 

10 
The export of live animals to the Continent for food is cruel and should not 
be permitted 

11 It is important for an animal’s psychological needs to be met 

12 
It is important to check broilers last thing at night even when there are no 
health problems 

13 I think of chickens mainly in terms of the profit they will bring in 

14 I prefer not to kill crows/seagulls but do so if strictly necessary 

15 A lame animal should always be treated or culled 

16 
For the animals’ sake it is important to minimize the distance they are 
transported to the processor 

17 A sick animal should be left to its own devices as they often recover 

18 Using traps to control pests (other than mice) is cruel/unacceptable 

19 Companion animals (pets) enhance our quality of life 

20 
Vets are expensive in relation to the value of commercial stock so it is not 
worth bothering them – except for problems that affect all sheds 

21 I would not want to be without household pets 

22 The Government should pay for improvements in farm animal welfare 

23 My staff and I agree on standards of care 

24 It is important for children to have the experience of keeping pets 

25 I do not like to kill crows/seagulls and actively avoid doing so 

26 I do not consider costs before calling the vet to sick flocks 

27 I would rather have a sick pet put down than pay expensive vet’s fees 

28 Incurable animals should be put down by a trained person 

29 
I consider the possible impression on visitors to the farm when making 
welfare decisions 

30 Farm animals should be kept in as natural environment as possible 

31 I tend to think of broilers as being very similar to machines 

32 If an animal is growing well it must be experiencing good welfare 

33 I prefer not to kill rats but do so if strictly necessary 

34 
Crows/seagulls should be controlled in England by systematic shooting or 
trapping 

35 I encourage discussion of animal welfare issues with farm staff 

36 I would cull suffering, incurable animals my self 

37 An animal that is physically fit must have good welfare 

38 Using traps to control mice is more humane than using chemicals 

39 
Rats should be controlled in England by systematic poisoning, shooting or 
trapping 
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Table 18 Continued… 

 
Question 
number Question  

Response 
options Aim 
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40 Public opinion should not dictate welfare standards on farm 

Multiple 
choice  
1. Strongly 
Disagree 
2. 
Disagree 
3. Neither 
agree nor 
disagree  
4. Agree 
5. Strongly 
agree 
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41 
The idea of a “natural environment” applies to farm animals as well as wild 
animals 

42 
It is important to know the individual character of an animal in order to 
assess whether it is acting out of character and possibly ill or in pain 

43 Transport of farm animals by road and rail involves little discomfort or pain 

44 
Rabbits should be controlled in England by systematic gassing, shooting or 
trapping 

45 Government legislation on welfare is helpful to the farmer 

46 An animal that is physically healthy cannot be suffering 

47  I prefer not to kill mice but do so if strictly necessary 

48 All birds are the same – dumb animals 

49 
My own standards of animal welfare are more important to me than the 
views of others 

50 It is important for animals to be able to perform their natural behaviour 

51 Production efficiency should be the first priority of the producer 

52 Foxes should be controlled in Scotland by systematic shooting or trapping 

53 A pet should be treated as a member of the family 

54 I like to be informed about changes to the law on animal welfare 

55 Animal welfare organisations are unhelpful to farmers 

56 Mice should be controlled in England by systematic shooting or trapping 

57 Public concern about the welfare of animals is exaggerated 

58 
It is more important to control disease than to keep farm animals in a 
natural environment 

59 

Please describe what you look for, in relation to behaviour, in order to 
determine whether a particular flock is 'good' or not? What sort of things in 
what they do or in how they move around make you think there is an issue, 
and what are the signs that things are well?  

Open 
response  
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60 
Please describe your daily checks of your sheds and where/if behavioural 
observations come into this.  
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61 
Has the way in which you observe birds behaviour changed since attending 
the workshop? If so, how? 

Do you see QBA as a useful tool for… 

62 
Training (i.e. as a tool to highlight and record what kinds of behaviours new 
stock people should look for and what changes in behaviours may indicate) 

125mm 
Visual 
Analogue 
Scale  - 
Not at all 
useful to 
Extremely 
useful c)

 O
p

in
io

n
 o

f 
Q

B
A

 

63 
Daily Management (i.e. to monitor and record changes in behaviour, 
perhaps providing a warning where changes are observed) 

64 External Auditing (i.e. an auditor coming onto farm to assess flocks) 

65 
Self-Reporting (i.e. for producers to report back differences between flocks, 
such as changes due to different resource provision (i.e. Litter, enrichment, 
feed, etc))  

66 Please explain your answers  
Open 
response  
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3.2.4 Statistical Analysis 

Analyses were undertaken on both the results of the Modified Free Choice Profiling exercise and the 

questionnaire responses. 

3.2.4.1 Modified Free Choice Profiling exercise  

Within the individual sessions, each participant had scored 15 video clips using their own set of terms. 

The score for each term was determined by measuring the distance (in mm) from the left ‘minimum’ 

point to the point along the VAS that had been marked by the participant. Each participants’ set of 

scores was entered initially into a data matrix (one per participant) in Excel (Microsoft Corporation, 

2011) , defined by the number of video clips (15) and the number of terms used by each participant.  

General Procrustes Analysis (GPA) was used to analyse the data. GPA procedures were undertaken in 

GenStat (VSN International, 2015) using a programme written for F. Wemelsfelder. GPA is a 

multivariate pattern-matching statistical method, typically used in food sciences to explore how 

individuals differ (or agree) in their perceptions of the same objects, samples, stimuli, or substances. 

GPA is well suited for use when individual’s perceptions of the same objects are measured or reported 

using different properties (variables) (Dijksterhuis and Gower, 1991).  

A consensus profile or best fit profile is first generated. GPA assesses each individual matrix as a 

multidimensional configuration (with the same number of dimensions as terms used by each 

participant) and the position of each clip within the multidimensional space is defined by their 

attributed scores. The number of dimensions is equalised across participants to ensure equal 

dimensionality within the participant’s future configurations by adding columns of zeros to matrices. 

The position of the 15 clips within the multidimensional space are therefore matched to one another 

through a series of iterative transformations (translation, rotation, rotation/reflection) while the 

relative inter-clip relationships are maintained within each configuration.  It is the mean of the 

transformed individual configurations that is termed the ‘consensus profile’. 

The Procrustes Statistic is calculated and quantifies the consensus in scoring pattern between the 

individual configurations and the consensus profile - the percentage of variation between participants 

that is explained by the consensus profile. The larger the Procrustes statistic, the greater agreement 

between producers about the relative configuration of the clips. The statistical significance of the 

Procrustes statistic is determined by use of a randomisation test. Participant scores are randomly 

rearranged to produce random data matrices, GPA is applied to these randomised matrices to produce 

a randomised consensus profile. This is repeated 100 times. A one-way t-test is then used to determine 

whether the actual Procrustes Statistic falls outside the distribution of randomised profiles. A 
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probability of P<0.001 indicates that the detected consensus profile is a meaningful feature of the 

data, rather than a statistical artefact.  

The Procrustes Statistic also indicates the similarity between individual participants’ configurations 

relative to the consensus profile. GPA produces a Procrustes statistic for each pair of participants, 

Principal Coordinate Analysis then allows for the graphical representation of all relative participant 

distances in two dimensions (the ‘consensus plot’). Principal Coordinate analysis estimates the centre 

of distributions of the participants scores alongside a standard deviation, allowing a 95% confidence 

region to be drawn. Participants falling outside this 95% confidence region could be considered 

outliers differing in their assessments.  

The consensus profile, defined purely in terms of its geometric properties, produced by the GPA 

procedures comprises multiple dimensions. Most variation between video clips is explained by the 

first dimension and the explanatory power decreases for each subsequent dimension. The number of 

dimensions retained for further analysis and/or interpretation is determined by use of Principal 

Component Analysis (PCA). The Eigen values describe how much variation each dimension of the 

consensus profile explains and the ’Scree plot’ is a graphical representation of the eigen values that is 

used to determine which dimensions to retain (before the point of deflection).  

Each clip is attributed scores on each of the identified dimensions and can therefore be represented 

graphically to show the distribution of the clips along the principal axes of the best fit profile (Figure 

11). A standard error ellipse is also plotted on this graph. The diameter of the ellipse indicates the 

reliability of the clip’s position within the consensus profile. If two clips are further apart than the 

diameter of this ellipse, they can be considered to be different in how the participants have 

interpreted them. If the distance between two clips is less than this diameter they can be considered 

to be in the same location and therefore have been interpreted similarly . 

The semantic meaning of the retained principal axes of the best fit profile is inferred by identifying the 

terms for each participant that most strongly positively and negatively correlates with the retained 

principal axes. ‘Word charts’ for each participant are also explored. Word charts are created by 

plotting all terms of each participant against the selected principal axes of the best fit profile (21 

independent word charts were created, one for each participant). The apparent degree of semantic 

convergence amongst the 21 charts and within the identified terms is indicative of the extent to which 

the participants agreed in their descriptions of the broiler’s expressive demeanour. If there appears 

to be agreement between participants and the semantic meaning of the retained principal axes of the 

best fit profile can be inferred, comparisons of these qualitative assessments of clips within this 
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analysis can be made, however the scores attained have no relevance outside of this particular 

analysis.  

3.2.4.2 Questionnaires 

Completed Questionnaires from the 21 fully participating producers and 12 control producers were 

analysed. Questionnaire responses were initially entered into Excel. Scores for VASs were generated 

by measuring the distance (mm) from the left ‘not at all useful’ point to the point along the line that 

had been marked by the participant.  

a) Attitudes to Animal Welfare Questions  

Attitudes to Animal Welfare Questions were analysed in SPSS Version 25 (IBM Corp, 2017). PCA 

(correlation matrix, varimax rotation) was applied to Before and After responses to the Attitudes to 

Animal Welfare questions from Test Participants and Control producers. This aligned to how the 

questionnaire was designed to be analysed by Austin et al. (2005). PCA is a data reduction 

methodology that uses the correlations among variables to create a smaller set of principal 

components (PCs) that empirically summarises the data and these correlations. Further analysis can 

then be applied to the PCs (Tabachnick et al., 2007). 

Several iterations of the PCA analysis were required in order to achieve meaningful data reduction.  

All questionnaire questions and responses from the Test and Control participants were first included 

in the initial PCA. Questions were removed if, in the correlation matrix, they were not correlated with 

at least one other at r≥0.30. The Kaiser-Meyer-Olkin (KMO) statistic was next inspected for suitability 

for PCA. The KMO statistic is a measure of sampling adequacy for factor analysis. The KMO statistic 

reflects the ratio of the squared variation between variables to the squared partial variation between 

variables. Kaiser (1974) defined KMO values to indicate that the data is ‘unacceptable’ for factor 

analysis when <0.5. Where the KMO statistic from the PCA was <0.5, an alternative approach was 

sought by focusing only on questions that were more directly relevant to the mFCP QBA exercise. 

Separate mixed ANOVAs were run on the final identified PCs. Group (Test or control) was a fixed effect 

and Before and After PCs as repeated measures.  

b) Approach to Behavioural Observations  

A thematic analysis (Braun and Clarke, 2006) was applied to Question 59 (“Please describe what you 

look for, in relation to behaviour, in order to determine whether a particular flock is 'good' or not? 

What sort of things in what they do or in how they move around make you think there is an issue, and 

what are the signs that things are well?”). Responses were read first to become familiar with the data 

sets. Initial codes were generated summarising key aspects of the responses (e.g. the producer 
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specifically refers to a particular behaviour such as dustbathing). Codes were then organised into 

overarching themes (e.g. aspects of behaviour) and checked for relevance to the question. Counts of 

responses within each category were then converted to percentage responses from the Test and 

Control groups.  

For Question 60 (“Please describe your daily checks of your sheds and where/if behavioural 

observations come into this”) responses were coded as 0, no mention of behaviour within description 

of daily checks and 1, reference to observing behaviour within daily checks. Similarly for Question 61 

(“Has the way in which you observe birds’ behaviour changed since attending the workshop? If so, 

how?") responses were coded as 0, no change to how they observe the birds and 1, some mention of 

change in attention to behaviour of birds. Percentages of responses from the trial groups and Control 

groups are reported. 

c) Opinion of QBA exercise  

Visual Analogue Scale scores were summarised as a percentage of the line. Free text responses to 

Question 66 (“please explain your answer”) were summarised by determining number of participants 

to comment on each of the four possible applications (a) Training, b) Daily Management, c) External 

auditing, or d) Producer reporting of behaviour) and summarising key subjects within the responses.  
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3.3 Results  

3.3.1 Modified Free Choice Profiling exercise 

Table 19 shows the most commonly selected terms for use in the mFCP exercise as well as the revised 

list of terms following the mFCP exercise.  

Table 19 Lists of terms. a) ‘Top Term’ - terms selected by two or more participants in the Initial workshops and 

provided back to the producers in the Individual sessions;  b) ‘Terms selected Before QBA exercise’ - Number of 

times each term was selected  by producers for use in QBA exercise, having seen ‘Top term’ list  (a) before applying 

QBA and c)’Terms selected after QBA exercise’ - Final number of times each term was selected following 

application of QBA. Terms with Asterisks (*)  indicate those present in the Welfare Quality assessment protocol 

for Chicken (Welfare Quality®, 2009) 

  

Initial Workshops Individual sessions 

a) 'Top term' 
generated and shown 
to participants of 
Workshop 2  

b) ‘T  ms s l ct d 
            x  cis ’ 
(No of times term was 
selected) 

c) ‘T  ms s l ct d a t   
     x  cis ’ (N     
times term was 
selected) 

Stressed  Y   17 19 

Flighty  Y 16 16 

Active * Y 16 15 

Happy * Y 17 13 

Playful  Y 11 12 

Inquisitive Y 10 11 

Lethargic Y 11 11 

Comfortable * Y 9 10 

Content * Y 11 10 

Alert Y 8 9 

Flat Y 9 9 

Lively Y 9 9 

Relaxed * Y 8 7 

Calm * Y 7 6 

Chilled out Y 4 3 

Bothered  Y 4 2 

Apprehensive Y 1 1 

Bored * Y 2 1 

Disturbed  Y 3 1 

Sleepy Y 1 1 

Tired Y 2 1 

Slow Y 2 0 

Adventurous 

Only generated by 1 
participant in Initial 
workshops 

1 1 

Agitated * 1 1 

Curious 1 1 

Docile  1 1 

Dopey 1 1 

Down 1 1 

Pleasant 1 1 

Restless 1 1 
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3.3.1.1 Initial data exploration and removal of outliers 

All participants were included in the first GPA analysis. Initial inspection of individual participant plots 

identified one participant who appeared to have used the scale in reverse to all other participant 

(Figure 8, (a)). This participant (Participant X) was excluded for the subsequent analysis as the reason 

for their misuse of the scale was unknown. The remaining Participants showed similar overall 

appearance of word plots as illustrated in Figure 8 b, c and d (Participants 1, 9 and 12 respectively). 
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(a)               (b)  

(c)                  (d)  

Figure 8 Example participant word charts of a)  Participant X; b) Participant 1; c) Participant 9 and d) Participant 

12. Axes show the two principal dimensions of the consensus profile and indicate which of each particular 

participant’s terms best correlate with those dimensions. Participant X (a) shows placement of terms on the 

opposite axis to the other participant word charts. Participants 1, 9 and 12 show similar overall appearance 
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Inspection of the consensus plot (Figure 9) Indicated that there were two outliers to the 95% 

confidence region. Participant 9, a strong outlier and Participant 12. The word charts of these two 

Participants were inspected (Figure 8, c and d) and did not appear to disagree with the overall 

appearance of the other Participant’s word charts. Participant 9 (Figure 8, c) had utilised only 5 terms 

and perhaps did not pick up on the nuanced differences in behaviour where the other participants 

had done so. Participant 12’s word chart (Figure 8, d) is not dissimilar from others; however Participant 

12 appears to have used the three terms Flighty, Disturbed and Stressed in much the same fashion 

(indicated by the close placing of these terms on the chart). Data was re-examined after removing 

these two participants however there was no effect on the final results due to the robustness of GPA 

procedures. The final analysis included the two ‘outliers’ as identified by the consensus plot but 

excluded Participant X . The final number of participants was therefore 20.  

 

 

Figure 9  Consensus plot (excluding Participant X) - Axes reflect Principal Coordinate Analysis scaling values for 

relative participant distance. Numbers denote individual participants. The ellipse (dotted) represents a 95% 

confidence region of what may be considered the “normal population” of participants 
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3.3.1.2 General Procrustes Analysis results 

The consensus profile of the GPA analysis explained a higher proportion of variation amongst the 20 

participants (Procrustes statistic = 64.69) compared to the mean of 100 randomised profiles (mean 

Procrustes statistic 38.26, +/-0.41; Student t99 = 41.07; P<0.001), indicating that the consensus is not 

an artefact of the GPA computational procedures but is a genuine characteristic of the data. This is 

further supported by the Consensus Plot (Figure 9), showing only two outliers to the 95% confidence 

region as indicated by the dotted line. 

The Eigen values (Table 20 ) and the Scree Plot (Figure 10) indicate that the first two dimensions should 

be retained and explored further due to the dramatic reduction in percentage of variation explained 

by subsequent dimensions. The first two dimensions accounted for 52.0% and 30.1% of variation 

respectively (a total of 82.1%, Table 20).  

 

    

Table 21 provides a summary of the similarities and differences between terms used for each 

Dimension by the 20 participants. For five participants “inquisitive” best described the positive end of 

Dimension 1 where as “Flat” was used by five participants to best describe the negative end of 

Dimension 1. “Comfortable” was used by four participants to describe the positive end of Dimension 

2 whereas “Stressed” was used by 9 participants to describe the negative end of Dimension 2. As such, 

Dimension 1 is described as “Inquisitive/Playful to Flat/Lethargic” and Dimension 2 as 

Dimension 

 Variation 
explained/  
Eigen values (%) 

1 52.0 

2 30.1 

3 5.6 

4 3.2 

5 2.4 

6 2.0 

7 1.4 

8 1.2 

9 0.8 

10 0.6 

11 0.4 

12 0.2 

13 0.1 

14 0 

Figure 10 Scree plot of GPA analysis 

Table 20 Percentage of variation explained 

by each dimension 
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“Comfortable/Content to Stressed/Flighty”. Participants used terms that were similar (e.g. “Active” 

and “Lively”) or complementary (“Comfortable” and “Content”). Some terms appear in both 

dimensions. For example, “Active” correlates positively with Dimension 1 and negatively with of 

Dimension 2. 

Table 21 Terms that showed the highest positive and negative correlations on each of the two dimensions. Values 

in parentheses indicate the number of participants using that term. 

 Positive correlation Negative Correlation 

Dimension 1  Inquisitive (5); Playful (4); Active 
(3); Alert (2); Happy (3); lively (2); 
Content (1);  

Flat (5); Lethargic (4); Stressed 
(4); Bored (2); Bothered (2); 
Docile (1); Dopey (1); Sleepy (1)  

Dimension 2  Comfortable (4); Content (3); 
Lethargic (3); Calm (2); Chilled out 
(2); Flat (2); Relaxed (2); Pleasant 
(1); Sleepy (1);  

Stressed (9) ; Flighty (4); Active 
(1); Alert (1); Bothered (1); 
Disturbed (1); Inquisitive (1); 
Lethargic (1);  Restless (1) 

 

Figure 11 shows the position of the individual clips on the two dimensions. There are two clusters of 

clips suggesting that the birds in these sets of clips were described similarly to one another. The 

standard error (the small ellipse in the right hand corner of Figure 11) is small suggesting that the clip’s 

position on the dimensions is reliable.  

 

Figure 11 Distribution of the plots along the two dimensions. The small ellipse in the right hand corner indicates 

the standard errors of the position of each of the clips 
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3.3.2 Questionnaire 

a) Attitudes to animal welfare  

Thirty-three pairs of Before and After questionnaires were analysed, 21 from the Test group and 12 

from the Control group. 

3.3.2.1.1.1 Missing data  

PCA requires complete data sets, missing data was therefore handled in the following way: when a 

response was missing from a participant’s paired data set, but the participant had provided a response 

in one of the Before or After questionnaires, the response was duplicated for the missing response 

(therefore assuming no change). Where pairs of responses were missing, scores of 3 were allocated 

equivalent to “neither agree nor disagree” to each missing response. There were 133 cases (3.4% of 

all question responses) of missing responses from 15 participants (43 cases from 8 participants within 

the Test group (1.7% of all Test responses), and 90 cases from 7 participants within the Control group 

(6.4% of all Control responses)). 

3.3.2.1.1.2 Principal Component Analysis 

All responses from Before and After questionnaire questions and responses from the Test and Control 

participants were included in the initial PCA. The correlation matrix was inspected to confirm each 

question correlated with at least one other at r≥0.30. Question 12 (“It is important to check broilers 

last thing at night even when there are no health problems”), Question 43 (“Transport of farm animals 

by road and rail involves little discomfort or pain”) and Question 55 (“Animal welfare organisations 

are unhelpful to farmers”) were not correlated with any other questions at r≥0.30 and thus removed 

from the analysis. 

Inspection of KMO statistic for this first PCA indicated that the data, in its full form, was not 

appropriate for PCA as had been applied by Austin et al. (2005). A KMO value of close to 0 indicates 

diffusion in the correlation pattern and that PCA is not suitable. Overall sampling adequacy is deemed 

to be ‘unacceptable’ at <0.5 and ‘mediocre’ when the KMO value is greater than or equal to 0.60 and 

less than 0.70 (Kaiser, 1974). The overall KMO statistic was 0.24 and no individual question’s KMO 

values exceeded 0.60. 

Fourteen questions within the questionnaire consider people’s attitudes towards control and killing 

of invasive wildlife. As this was not relevant to this QBA exercise these questions were removed from 

the analysis. PCA was rerun with the 41 remaining questions. The subsequent overall KMO statistic 

achieved was 0.40 and again ‘unacceptable’ (Kaiser, 1974), additionally none of the individual KMO 
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values exceeded 0.6, indicating this data was not appropriate for PCA. An alternative approach was 

therefore sought.  

Questions that were deemed most relevant to this QBA exercise were selected for inclusion in the 

PCA. These were: The behaviour of birds (Question 31 “I tend to think of broilers as being very similar 

to machines”; and Question 50, “It is important for animals to be able to perform their natural 

behaviour”); Behavioural observation (Question 1, “I often visit my broilers just to see how they are 

getting on”);  Training (Question 7, “I like to be informed about new knowledge relating to animal 

welfare”); and what participants consider to be good welfare (Question 6, “If an animal is reproducing 

efficiently its welfare standards must have been good”; Question 11, “It is important for an animal’s 

psychological needs to be met”;  Question 32, “If an animal is growing well it must be experiencing 

good welfare”; Question 37, “An animal that is physically fit must have good welfare”, and Question 

46 “An animal that is physically healthy cannot be suffering”). Nine questions were included in the 

PCA.  

On inspection of the correlation matrix, Question 11 and Question 50 were not correlated with any 

other questions at r≥0.30 and so these were removed from the analysis. The subsequent overall KMO 

statistic achieved was “mediocre” at 0.633 (Kaiser, 1974). Five out of the seven remaining questions 

individual KMO values exceeded 0.60, however due to being relatively close to the 0.60 level of 

acceptability and the small number of questions now being included all questions were retained for 

the analysis (Table 22). Bartletts test of sphericity was also significant (p<0.001) suggesting that 

correlations exist between the questions and that PCA may be appropriate for this data.  

Table 22 KMO statistic for selected relevant questions in final PCA 

Question 
number 

Individual KMO 
statistic 

1 0.56 

7 0.50 

6 0.69 

31 0.62 

32 0.65 

37 0.67 

46 0.71 
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Two components, PC1 and PC2, were retained via visual inspection of the point of deflection of the 

scree plot. PC1 and PC2 together explained 54.21% of the variation (30.89% and 23.32% respectively). 

PC1 corresponded to questions relating to ‘perceptions of good welfare’ and PC2 to the questions 

indicative of a producer that goes ‘beyond basic provisions’ (Table 23).  

Table 23 Loadings of each question onto principal components PC1 and PC2. Loadings higher than 0.60 for each 

term are bold typed. 

Question PC1 PC2 

37. An animal that is physically fit must have good welfare 0.82 -0.05 

32. If an animal is growing well it must be experiencing good welfare 0.78 -0.05 

6. If an animal is reproducing efficiently its welfare standards must have been 
good 0.74 0.19 

46. An animal that is physically healthy cannot be suffering 0.53 0.04 

7. I like to be informed about new knowledge relating to animal welfare 0.03 0.84 

1. I often visit my broilers just to see how they are getting on 0.04 0.71 

31. I tend to think of broilers as being very similar to machines 0.21 -0.63 

 

Figure 12 shows boxplots of PC scores for Before and After questionnaires in the Control and Test 

groups. Participants 4 and 10 are extreme outliers, more than three box lengths away from the box 

and participants 8, 11, 31 and 33 outliers more than 1.5 boxes away from the edge.  

 

 

Figure 12 Boxplot of PC scores for the Test (n=21) and Control (n=12) groups from the Before and After 

questionnaires 
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Mixed ANOVAs were run initially on all participants PC1 and PC2 scores. Studentized residuals were 

checked for normality by inspection of QQ plots to ensure parametric assumptions were met. QQ plots 

indicated that the residuals were not normally distributed. Extreme outliers were next removed from 

the analysis and QQ plots inspected. Residuals of the mixed ANOVA for data excluding extreme 

outliers were again not normally distributed. All outliers as identified by Figure 12 were then removed 

from the analysis producing residuals that were approximately normally distributed (n= 10 Control 

group, n=17 Test group). Repeated measures ANOVAs are fairly robust to violations of normality such 

that the slight deviation of final QQ plots were accepted. Equality and homogeneity of variance was 

confirmed from Box’s test of equality of covariance matrices and Levene’s test of equality of error 

variance respectively.  

There was no significant interaction between Group and Before or After questionnaires For PC1, 

perceptions of good welfare (F1,25 = 0.71, p = 0.408, partialŋ2 = 0.03), and no significant main effect of 

Group (F1,25 = 0.51, p = 0.482, partialŋ2 = 0.02).  

There was also no significant interaction between Group and Before or After questionnaires For PC2, 

beyond basic provisions (F1,25 = 0.32, p = 0.508, partialŋ2 = 0.01), and no significant main effect of 

Group (F1,25 = 0.05, p = 0.819, partialŋ2 = 0.01).  

b) Approach to Behavioural Observation 

Table 24 shows percentage of responses to Question 59 within each code and the overall identified 

themes within the responses. Before and After responses did not change substantially for the Test or 

Control group. 
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Table 24 Percentage of responses within each Code and Theme to Question 59 (“Please describe what you look 

for, in relation to behaviour, in order to determine whether a particular flock is 'good' or not? What sort of things 

in what they do, or in how they move around, make you think there is an issue, and what are the signs that things 

are well?”) 

 

Control Test 

Before  After  Before  After  

Number of responses to question (n) 11 10 21 19 

Mean response (number of words ±SD) 47.75 (±40.19) 37.83 (±42.87) 29.67 (±19.70) 15.00 (±12.45) 

Theme Code  

Aspects of 
behaviour 

Happy/demeanour (%) 9.09 10.00 4.76 21.05 

Specific behaviours (e.g. 
dustbathing, sparring) (%) 45.45 20.00 23.81 15.79 

Activity/movement (%) 63.64 70.00 47.62 68.42 

Distribution/spread  (%) 72.73 50.00 42.86 36.84 

Respondents mentioning aspect of 
behaviour (%) 90.91 90.00 85.71 84.21 

Use other 
sense  

Sound  (%) 36.36 60.00 19.05 5.25 

Smell  (%) 9.09 0.00 4.76 5.25 

Respondents mentioning use of other 
senses (%) 36.36 60.00 19.05 5.25 

Health 
Check 

Look for birds needing culling 
(including leg culls) (%) 27.27 20.00 28.57 5.26 

General health (%) 27.27 20.00 28.57 5.26 

Eating/drinking well  (%) 54.55 50.00 66.67 42.11 

Weights / growth  (%) 18.18 10.00 23.81 15.79 

Respondents mentioning health (%) 90.91 70.00 80.95 63.16 

Environmen
tal 
conditions  

Litter (%) 36.36 50.00 33.33 0.00 

Atmosphere (air 
quality/temperature) (%) 9.09 20.00 23.81 15.79 

Respondents mentioning checking 
environmental conditions (%) 36.36 60.00 47.62 15.79 

 

For Question 60 (“Please describe your daily checks of your sheds and where/if behavioural 

observations come into this”), in the Before questionnaires, 71.43% of the workshop participants 

described observation of birds’ behaviour to take place within their daily checks. This reduced slightly 

to 68.42% in the After questionnaire (n=21 and n=19 responses to this question in the Before and 

After questionnaires respectively). For the control producers, 50% of respondents described 

observation of behaviour within their daily checks in the Before questionnaire this increased to 90% 

of respondents in the After questionnaire (n=10 responses to this question in both the Before and 

After questionnaires respectively).  

For Question 61 (“Has the way in which you observe birds’ behaviour changed since attending the 

workshop? If so, how?”), asked only in the After questionnaire and only to those participating in the 

workshops, 26.31% (5 out of the 19 people who responded to the question) suggested that the 



Chapter 3 

103 

workshop had made them more aware. For example, one participant commented: “Sometimes doing 

the same job can make you complacent and this brings it back to the front of your mind again, 

sometimes you can’t see the wood for the trees.”  

c) Opinion of QBA exercise: 

When asked how useful participants saw QBA as a tool for Training, Daily Management, External 

auditing, or Producer reporting, participants reported QBAs to be most useful as a Training tool, for 

Daily management or for self-reporting. Participants were neutral and inconsistent regarding QBA’s 

use by external auditors (Table 25). 

Table 25 Responses to whether participants saw QBA as a useful tool for a) Training, b) Daily Management, c) 

External auditing, or d) Producer reporting of behaviour. 0%= not useful at all, 100%= extremely useful 

 Response (%) 
Standard deviation 
(%) 

Training 79.09 18.28 

Daily Management 77.10 20.99 

External Auditing 54.17 27.94 

Producer Reporting  76.00 19.63 

 

Participants were also asked to explain their answers. Fifteen people responded to this question. One 

person specifically stated that performance was the best way to judge overall wellbeing throughout 

the crop cycle. 

i) Training  

Ten people commented on Training, 7 people stated that undertaking QBA would be a useful training 

exercise, four of which specifically commented on its use for people that are new to the industry. One 

person commented about training for new starters, describing benefits of watching the video clips 

with additional information. 

“All training is useful. I am the manager of a training farm, so I know how good and important training 

is to a new starter. It has to be right ‘cause they carry this onto a full position. Watching the video clips 

with some data of weather conditions, what time of day it is, age of birds, if they are rearers, breeders, 

free range, barn reared etc”. 

Two people commented generally about training being important. One person stated that he found a 

lot of training a waste of time.  
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ii) Daily Management 

Three people commented on Daily management. One person stated how daily management was 

important to ensure good welfare. One person stated how daily contact was the best way for 

monitoring behaviour. One person stated how he watched birds every day.  

iii) External Auditing 

Nine people commented on External auditing. Three people stated their negative feelings towards 

auditing, while one respondent stated that they thought audits were important to maintain standards. 

Regarding the place of QBA in audits, five people commented. One person did not think it would be 

useful, one was unsure, and one person stated how QBA would be useful for auditing as it can take 

into consideration changes in the bird throughout the crop. The remaining two people commented on 

requirements for use of QBA as an auditing tool: specifying the need for assessment at specific times 

of year and for auditors to “know what they are looking for”. 

iv) Producer reporting   

Five people made comments on QBA’s use for producer, or self-reporting. Three people were positive 

regarding the use of QBA for self-reporting. One person stated that QBA could be useful to monitor 

changes in husbandry and their effects and two people stated that QBA could aid in improvements 

made within the industry. Two people appeared negative to the use of QBA for producer-reporting, 

one because this would require additional paperwork and another because the respondent thought 

that husbandry should not be copied across farms due to difference in houses (thus the benefit of self-

reporting in general was minimal).  

3.4 Discussion  

This study found good agreement with highly significant consensus (p<0.001) in broiler producer’s 

judgement and quantification of behavioural expression of 15 video clips of broilers using this mFCP 

QBA methodology. This suggest that similar judgements of broiler’s behavioural expression can be 

drawn by broiler producers using this methodology. The two identified dimensions of broiler 

behavioural expression in this study explained a total of 82% of the variation (Dimension 1 (52.0%): 

“Inquisitive/Playful to Flat/Lethargic” and Dimension 2 (30.1%): “Comfortable/Content to 

Stressed/Flighty”). When exploring whether exposure to this exercise altered producers’ attitudes to 

animal welfare or how they approached behavioural observation there did not appear to be an effect 

of the exercise. However, the applied questionnaires were not as effective as hoped and producers 

were experienced, potentially reducing the impact of the workshops as a training exercise. When 
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asked their opinion of QBA, in general, producers were positive about its for training, self-reporting of 

behavioural expression and auditing. The use of QBA to train of producers was highlighted in 

particular.  

Identification of two dimensions using FCP is common among FCP assessments of other species (e.g. 

Phythian et al., 2013; Rousing and Wemelsfelder, 2006; Stockman et al., 2013), however three 

dimensions have sometimes been identified. Following identification of three dimensions in a FCP 

exercise with shelter dogs, Arena et al. (2017) considered this to be due to the close evolution of 

humans and dogs and humans’ familiarity with dogs’ behavioural expression. More recently, however, 

three dimensions have been identified in sheep (Stockman et al., 2014) cattle (Vindevoghel et al., 

2019) and horses (Hintze et al., 2017) where humans have not so closely cohabited. The two 

dimensions that are often identified are regularly described to be reflective of ‘mood/valence’; and 

‘activity/energy levels/arousal’ (E.g. pigs, Clarke et al., 2016; Sheep, Phythian et al., 2013). The two 

dimensions identified in this study are not so easily attributed to these two categories.  

The semantic meaning of the identified dimensions varies depending on the different species assessed 

and also the assessment material (e.g. the videos) provided. Species-specific terms and those 

reflective of species-specific behavioural responses appear when describing dimensions. The broiler-

specific term “Flat” was used by 9 producers in this study. “Flat” strongly negatively loaded on 

Dimension 1 and is a term used by commercial broiler producers to describe inactivity of flocks, often 

after a major stressful event such as “Thinning”. Similarly, the term “Flighty” negatively loaded on 

Dimension 2. Within Wemelsfelder et al's (2009) study applying PCA to pigs the equivalent negatively 

loading terms on Dimension 2 were described as “cautious-nervous”. The difference in terms 

correlating negatively with this dimension could reflect the different reactivity or behavioural 

expression of fear for chickens compared to pigs. Chickens’ are reactive to a number of alarming 

stimuli such as sudden changes in their environment or exposure to humans (Jones, 1996). Their fear 

response system is characterised by vigilance and flight behaviour rather than cautiousness as 

observed in domesticated pigs. The difference in these terms may also be reflective of the videos used 

in each study. Wemelsfelder et al's (2009) study used footage of pigs in familiar pens approaching a 

novel object, although the object was not shown the pigs behaviour was clearly sufficient to have 

prompted the use of this term. This study made use of a variety of video clips, aiming to capture the 

variation of behavioural expression of chickens. Video clips were filmed in commercial chicken houses 

and small pen trials. One video was filmed whilst the birds were being walked through the house (Clip 

5), thus flightiness in response to the human is observable and as such participants scored strongly on 

dimension 2 for this clip (Figure 11).  
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Within this application of QBA, the term “active” appears in both the positive dimension of dimension 

1 and the negative dimension of dimension 2. “Active” found positively in dimension 1, alongside 

“inquisitive” and “playful” may describes high activity levels attributable to lively, playfulness 

describing a perceived beneficial form of activity. Broilers can also display observable stress in the 

form of high activity attributable to behavioural reactivity, or flightiness, a fearful form of “active”, as 

found negatively in Dimension 2. When applying QBA to broilers, Bassler et al. (2013) discussed how 

reporting dimensions as one or two terms, or categorising dimensions into one single term, risks 

interpreters focusing on these individual terms or losing the complexity of the picture that the 

dimensions describe. When interpreting QBA results, more than one or two terms within the 

dimension should really be considered to portray the complexities of the behavioural expression 

described by the participants.  

There has been very limited use of Qualitative Behaviour Assessment (QBA) in broiler flocks and where 

it has been applied, there have been mixed results. Muri et al. (2019), using a fixed list methodology 

identified two components, explaining 70.4% of the variation. Bassler et al (2008), also applied a fixed 

list methodology and identified two components explaining 43.3% of the variation. In this mFCP study, 

two components were identified, explaining 82.1% of the variation, the highest percentage to date. 

The high percentage of variation explained may be due to the use of only experienced broiler 

producers and the modification of the FCP exercise facilitating the use of understandable and 

accessible terms for the producers. These experienced producers showed good agreement in how 

they judged the video clips suggesting a unified opinion of bird’s behavioural expression and welfare 

amongst producers. This study was specifically run with broiler producers. Previous explorations of 

QBA by different groups of participants include Wemelsfelder et al. (2012) where the authors 

undertook a FCP exercise with pig farmers, veterinarians and animal activists. The authors found small 

differences between terms used by each group, for example pig farmers were found to favour the 

term “aggressive”, while veterinarians seemed to favour the term “lively”. However, despite these 

small differences, the authors concluded that there was coherence in meaning of descriptors between 

the groups. The final analysis found significant consensus within and among groups of observers. Pig 

scores of the dimensions for each observer group was highly correlated and showed good 

repeatability of scores. Unlike the fixed list QBA methodology, the use of a FCP methodology allows 

participants to use words that they are familiar with and to score against their understanding of each 

term. For the practical use of QBA, by producers, this is a significant benefit to improving the 

accessibility of this as a measure of welfare.  

While participants of this study showed good agreement in their judgement of the video clips, 

agreement between participants does not result in the correct identification of the birds’ true welfare. 
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Furthermore the use of free choice profiling means that agreement between the semantic meaning 

of terms and how these are displayed in broilers is not undertaken amongst participants – for example 

one participant may consider the term ‘calm’ to be associated with positive welfare where ‘calm’ for 

another participant may be indicative of poor welfare. Both participants may observe and assess the 

same birds to be calm but be inferring different welfare states. The analysis and interpretation of the 

final GPA output may further be dependent on a level of subjectivity too – how does the interpreter 

consider ‘calmness’ within the context of broiler welfare? Clearly, terms should not be considered 

individually, and the semantic interpretation of several terms hopes to illustrate the ‘essence’ of each 

dimension. Further studies could consider undertaking a suite of empirical input and outcome based 

welfare assessments at the point of video collection and relating these to the outcomes of QBA 

assessments undertaken by broiler producers. Indeed, QBA is included as only one assessment within 

the Welfare Quality assessment protocol for broilers (Welfare Quality®, 2009) and it has been 

recommended that it should not be a stand-alone assessment methodology (Muri et al., 2019).   

Within this study, I explored the impact of this mFCP exercise upon the attitudes towards welfare of 

the participating producers through the use of a questionnaire developed by Austin et al. (2005). PCA 

of the whole data set was not successful, likely due to the small number of participants. The use of 

repeated measures data within the PCA may also have contributed to the lack of PCA solution as the 

component structure may be different at different time points due to developments occurring in the 

meantime, (such as a change in attitude towards animal welfare). In order to understand if this had 

occurred, one could have run the PCA on both Before and After questionnaires to see if the same 

components appear (Tabachnick et al., 2007). However, halving the data in such a way from what was 

a small sample size already would not have been beneficial for the PCA analysis. Selecting a few 

relevant questions did result in a successful PCA solution. Further analysis of the identified 

components showed there was no effect of the mFCP exercise on the Before and After components 

for the Test group compared to the control. Similarly, for the Test group there was no change in how 

participants responded to the open question (59) about what they looked for in terms of behaviour 

to identify a good or bad flock, nor whether they mentioned observation of behaviour when describing 

their daily observations although a few participants said that the workshop had made them more 

aware. There were some changes in response to this question before and after, for the Control group, 

however this may be inflated by the small sample size, questioning the reliability of this data. 

Unfortunately, it was not possible to access a greater number of producers for this Control group.  The 

use of self-reporting within questionnaires is problematic and not necessarily descriptive of what 

happens in practice. Future studies should explore the effects on welfare outcomes following an 

intervention such as this, however this was unfortunately outside of the scope of this project. 
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Participants were also generally experienced with poultry production thus the relative value as a 

learning experience may have been limited.  

When asked about QBA as a behavioural assessment methodology, the participants were generally 

positive although unsurprisingly the use of QBA for external auditing was least popular. The 

descriptive responses indicate that this may be due to a dislike of external auditing as opposed to QBA 

as an assessment method. The use of QBA, as a training method was particularly highlighted and such 

an application had yet to be explored. Asking producers to critically watch broiler behaviour, whilst 

noting down their observations with an easy to use VAS scale and familiar terms appeared popular 

amongst participants of this study. This study was undertaken with standard indoor broiler producers 

being shown broilers from a range of production systems. It is not possible to determine whether the 

positive response from participants was due to participation in the task of QBA itself, or whether 

simply exposure to the variety of behaviours broilers can display via the videos can elicit the positive 

feedback alone.  

3.5 Conclusion 

This study was the first to explore the application of QBA, using a modified FCP exercise exclusively by 

broiler producers. Outcomes showed significant agreement between the producers’ assessments 

suggesting that QBA can be successfully applied by broiler producers using this methodology. The 

results of this study support the QBA literature stating that appropriate terms for species, life stage 

and circumstance of animals are required for the successful implementation of QBA, however 

familiarity of terms to the participants should also be considered particularly if considering use of a 

fixed list of terms. The use of familiar words for participants is a benefit of the FCP methodology. The 

mFCP QBA exercise did not appear to affect attitudes towards animal welfare nor how producers 

approached behavioural observation as measured by self-reported questionnaire. The use of QBA as 

a training tool was supported by the participating producers. 

 

The following chapter looks to explore the impact of a training video, aimed at new producers, to 

encourage the observation and recognition (and ultimately promotion), of positive behaviours in 

commercial broilers.  I investigate whether a QBA exercise can act as a training tool, whether the 

practical observation of broilers using a structured methodology aids achieving the videos training 

aims.     
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Chapter 4 QBA as a training tool to recognise 

positive behaviours 

 

“You can tell more from watching [broilers] than you can from paperwork” 

 Participant Broiler Producer (2019) 
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Abstract 

Management can have the greatest impact on animal welfare. It is therefore imperative to ensure 

suitable training of those employed within commercial broiler production. This study explored the 

efficacy of a training video entitled “Identifying and encouraging positive welfare of broiler chickens” 

in addressing two aims:  Aim 1) to encourage producers to observe their birds; Aim 2) to encourage 

recognition of positive behaviours of commercial broilers. Furthermore, a novel, alternative 

application of Qualitative Behavioural Assessment (QBA) was explored by investigating whether 

applying QBA aided achieving the training video’s two aims. Twenty four (11 Test, 13 Control) 

commercial broiler producers participated in this study. All participants completed pre-workshop 

‘Before’ questionnaires. Both Test and Control groups were shown a training video describing positive 

behaviours and how to observe them in broilers. Both groups were then shown three one-minute 

example videos of commercial broilers. The Test group scored the videos using QBA while the Control 

group watched the videos without scoring them. Both groups then completed a follow up ‘After’ 

questionnaire. Exposure to the training video did not affect whether producers planned to take time 

out of their day to just observe their birds (Aim 1: “Yes, every day” was selected by 33.33% of 

producers Before and by 25.00% of producers After), nor how important they believed observing 

broiler behaviour was (Aim 1, Before - 79.15% stated it was “Extremely important” to observe birds’ 

behaviour; After, 91.67% stated it was “Extremely important”). Similarly, the QBA exercise did not 

affect whether these producers planned to take time to observe birds (Test “Yes every day” 72.72% 

Before, 72.72% After; Control “Yes every day” 58.33% Before, 75.00% After) nor whether they 

believed behavioural observation was important (Test “Extremely important” 81.81% Before, 90.90% 

After; Control “Extremely important” 79.92% Before, 92.31%). Following exposure to the video, 

participants referenced specific behaviours more when describing what they planned to look for when 

observing their birds (Aim 2). However, the QBA exercise did not aid in the recall of positive  

behaviours performed by the birds in videos. The QBA exercise may have helped producers generate 

a description of broiler behaviour which warrants further investigation. Despite their experience, the 

participating producers did feel that the QBA exercise was useful. Future studies should be undertaken 

with a larger sample size while also utilising producers at an appropriate point of their training, e.g. 

new producers, as was intended here. Training initiatives should also consider wider components of 

behavioural change required beyond knowledge building through a training video. Additionally the 

actual animal welfare impact of the intervention employed should be assessed to ensure there has 

been a beneficial change in producer behaviour. 
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4.1 Introduction 

The UK broiler industry directly employs over 37,000 people with around 28,000 employed in poultry 

meat processing and 9,000 in poultry production and farming  (Oxford Economics as cited in Cowan 

and Morrin, 2018). A certificate of formal training, or equivalent experience is a legal requirement for 

those working on UK broiler farms (The Welfare of Farmed Animals (England) (Amendment) 

Regulations 2010, Schedule 5a, Part 2) and requirements for training and records of training are 

commonplace within industry standards. For example, Standard SC.b of the Red Tractor Chicken 

standard: Broilers and Poussin (Red Tractor, 2017) states that “The performance and competence of 

staff must be regularly reviewed and refresher training implemented as required”.  

Training has been standardised across the broiler industry by British Poultry Training, formerly the 

Poultry Meat Training Initiative. British Poultry Training is comprised of representatives from the 

larger poultry processors and growers, and training and industry bodies such as the British Poultry 

Council and National Farmers Union (NFU). They have created a syllabus of training requirements and 

an online training record system, Poultry Passport, for access by companies and those employed 

within the industry (British Poultry Training, 2022). Poultry Passport training is a requirement of the 

Red Tractor scheme. Over 90% of poultry meat farms in the UK are Red Tractor assured (Red Tractor, 

2022). Training is delivered across a variety of modules from health and safety through to poultry 

welfare. 

The poultry passport poultry welfare module short course comprises 15 topics including legislative 

requirements, waste disposal of fallen stock and the Five freedoms. Topics are delivered in a way that 

looks to negate poor welfare rather than promote positive welfare. For example, aspects of  behaviour 

of broilers are presented in the “Identification of normal and abnormal behaviour and the reasons for 

changes” topic. However, this topic is presented from a perspective of promoting production (e.g. 

huddling is due to issues with ventilation or heating resulting in production losses) and does not 

consider positive welfare. A greater understanding and ability to recognise positive behaviours of 

broilers provides an opportunity for broiler producers to promote and encourage such behaviours 

through their management. There is therefore an opportunity for practical, commercial training to 

encourage the observation, recognition and promotion of positive behaviours.  

QBA is a proposed method of assessing emotional state of an animal (Cooper and Wemelsfelder, 2020) 

however, further uses of QBA have not been explored anywhere within the literature. Here, we 

propose the use of QBA to assist in training producers that are new to the broiler industry in observing 

bird behaviour. Welfare assessments provide opportunities to improve welfare beyond measurement 

and benchmarking. By specifically assessing certain aspects of welfare, these are highlighted as areas 
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of importance. Indeed, some schemes use self-assessment of components of welfare to draw farmers 

attention to certain requirements (Main et al., 2001). Additionally, the actual application of a measure 

may encourage assessors to consider or observe welfare in a way that they would perhaps not 

otherwise. This may be particularly true for QBA. QBA formalises what a ‘good’ stockperson would be 

doing anyway by appraising the condition and behaviour of animals within an overall context (Cooper 

and Wemelsfelder, 2020). However, specifically requesting someone to critically evaluate and record 

this evaluation is quite a different task compared to observation alone.  

The purpose of this study was to evaluate how effective a training video, aimed at new broiler 

producers and entitled “Identifying and encouraging positive welfare of broiler chickens” was at 

addressing it’s two aims: Aim 1) to encourage producers to observe their birds. Aim 2) to encourage 

recognition of positive behaviours for commercial broilers. Furthermore, this is the first exploration 

of an alternative, novel use of QBA beyond welfare measurement. This study explored whether 

applying this behavioural observation methodology aided recognition of positive behaviours, thus 

assisting in the accomplishment of the training video’s two aims.    

4.2 Materials and Methods  

Figure 13 outlines the process of implementation of the workshops. A Control and a Test workshop 

were both run with broiler producers in two regions of the UK on the 6th and 11th of June 2019. I 

facilitated four workshops in total. Participants within each region were randomly assigned to the Test 

or Control groups. Each workshop followed the same format: participants first completed the Before 

Questionnaire (Table 26) with no knowledge of the project. All participants then watched a ~5min 

training video. Test participants were provided with a brief explanation of QBA and how to apply it 

after the training video. Following the training video, both groups watched three two minute video 

examples of broilers within commercial production (Figure 14). Test participants applied QBA while 

watching the three example videos. The Control group watched the videos without any instruction. 

All participants then completed the After questionnaire (Table 26). 
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Figure 13 Flow diagram detailing the implementation of the workshops for the Test and Control groups 

 

4.2.1 Participants  

Twenty four farm workers participated in the workshops, 14 (6 Test, 8 Control) from the first region 

and 10 (5 Test, 5 Control) from the second region. The intention was for participants to be newly 

employed within poultry production, however, of the 24 participating farm workers, mean years 

employed within poultry production was 9.67 years (Range: 0.5 to 27 years). All workers worked on 

farms producing indoor chickens for the same UK chicken supplier. Participants were different to those 

participating in the study described in Chapter 3 but produced chicken for the same supplier. 

Participants were selected for the study by the supplier and were representative of typical broiler farm 

workers. 
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4.2.2 Training video 

4.2.2.1 Training video aims: 

The training video was designed to encourage newly employed producers to observe and critically 

evaluate their bird’s behaviour by addressing two main aims:  

- Aim 1: to encourage producers to spend time observing their birds.  

- Aim 2: to encourage recognition of positive behaviours for commercial broilers.  

Training video overview 

For the transcript of the video see Appendix 2. The full video can be found online at 

https://www.youtube.com/watch?v=tzXcH0oQhA8 .  The video: 

1) Provided a brief overview of domestication of commercial meat chickens. 

2) Highlighted that broilers are still motivated to perform a variety of behaviours even when they 

may not need to perform these behaviours to survive in a domestic environment, due to the 

provision of resources by producers 

3) Described how positive behaviours bring enjoyment or pleasure and provided examples of the 

key positive behaviours dustbathing, interacting with enrichment items, running, jumping, 

wing flapping and scratching at the litter 

4) Discussed the importance of litter for the performance of many positive behaviours 

5)  Provided an explanation of how stock people should, and often do use behaviour to 

determine the welfare of their birds 

6) Offered guidelines on “how to watch a flock and what to look for” to encourage producers to 

be observant of behaviour as well as again, specifically highlighting the key positive behaviours 

7) Finally provided three minute-long example videos of commercial broilers (not shown in 

online version). 

4.2.2.2 Example videos  

The three minute-long example videos at the end of the training video showed broilers displaying a 

variety of behaviours. The first video was of indoor commercial broilers displaying the positive 

behaviours wing flapping and dustbathing. The second video also showed indoor commercial broilers, 

only displaying wing flapping. Broilers in video 2 were densely packed and showed signs of heat stress 

(panting). The final video showed free range commercial broilers, outside on the range, displaying the 

positive behaviours running, wing flapping and scratching at the ground.  

https://www.youtube.com/watch?v=tzXcH0oQhA8
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a)  

b)  

c)  

 

Figure 14 Stills from the example videos. a) Standard indoor broilers - wing flapping and dustbathing b) Standard 

indoor broilers, densely packed - wing flapping and panting c) Free range broilers - running, wing flapping and 

scratching at the ground 
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4.2.3 Explanation of Qualitative Behavioural Assessment  

QBA was explained only to the Test participants. QBA was described as a whole animal assessment 

methodology where one observes how the birds are behaving, the expressive qualities of their 

behaviour, rather than what the birds are doing. An example was provided that an animal can be 

sitting in relaxed way compared to a tense or alert way. It is how the birds are sitting that is captured 

by QBA. Participants had already been provided with fixed list scoring sheets with terms generated by 

producers in 0. Participants attention was drawn to the Visual Analogue Scales (VAS), and they were 

instructed how to use them. They were asked to score each term’s scale with respect to how much 

that term was expressed by the chickens. It was explained that a mark at the minimum line would 

indicate that term cannot be observed in the birds at all whereas a line at the maximum end would 

indicate that the birds could not express any more of that quality. The term calm was used as an 

example, describing a score at the minimum end would indicate that the birds were not at all calm 

and no calmness could be observed. A score at the maximum end of the calm scale would indicate 

that the birds were as calm as they could possibly be. The scale could be scored anywhere in between 

these two points. Participants were instructed that there was no right or wrong answer and that they 

could score the chickens at any point during the example videos. 

4.2.4 Questionnaires 

Questionnaires were used to explore the effectiveness of the training video with or without the QBA 

exercise at addressing the training video’s two aims. To understand the influence of the QBA exercise, 

differences in participants’ responses between the Test and Control groups were examined. Finally, 

questions were also included to garner overall impressions of the training video. Table 26 lists the 

questions, response options and applicable aim for each question within the Before and After 

questionnaires. 
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Table 26 Questions, response options and applicable training video aims explored in the Before and After 

Questionnaires 

Question-
naire 

Question 
number 

Question  Response options  Aims 
explored 

Before 1 How long have you been working with broilers? Months/years  

2a  Have you worked with other poultry before working 
with broilers? 

Yes/No,   

2b  If yes, please specify type Open response  

3 Please describe what you look for, in relation to 
behaviour, in order to determine whether a particular 
flock is 'good' or not? What sort of things in what they 
do or in how they move around make you think there 
is an issue, and what are the signs that things are 
well? 

Open response Aim 2 
 

4a Do you take time out of your day to ‘just’ watch your 
birds?  
 

Yes, every day /  
Yes, when I have time / 
No, I don’t have time /  
No, I’m not sure why I 
would 

Aim 1 
 

4b Why? Open response 

5 How important do you think it is in to observe your 
birds’ behaviour?  
 

1. Not important at all – 
5. Extremely important 

Aim 1 
 

After  1 For each of the three example videos you have just watched, tick the positive behaviours you saw:   

1a  Video 1: -Running  
-Jumping  
-Wing flapping  
-Interacting with 
enrichment items  
-Dustbathing 
- Scratching or pecking at 
the litter or ground 

Aim 2 

1b  Video 2:  

1c  Video 3:  

2 How would you describe the free-range bird’s 
behaviour in video 3?  
 

Open response Aim 2 

3a In the future, do you plan to take time out of your day 
to ‘just’ watch your birds?  
 

a) Yes, every day / Yes, 
when I have time / No, I 
don’t have time /  No, I’m 
not sure why I would 

Aim 1 
 

3b Why?  Open response 

4 How important do you think it is in to observe your 
birds’ behaviour?  
 

1. Not important at all – 
5. Extremely important 

Aim 1 
 

5 Please describe what you plan to look for, in relation 
to behaviour, in order to determine whether a 
particular flock is 'good' or not? What sort of things in 
what they do or in how they move around make you 
think there is an issue, and what are the signs that 
things are well?  

Open response Aim 2 
 

6 This training video has been created for new entrants to the broiler industry, 

6a  How effective do you think it is in explaining the 
benefits of observing your birds?  

1. Not at all effective – 5. 
Extremely effective  

Overall 
impressions  
 6b  How effective do you think it is in explaining how to 

observe your birds?  
1. Not at all effective – 5. 
Extremely effective 

6c  How useful are the three example videos at the end at 
illustrating different types of behaviour of broilers? 

1. Not at all useful – 5. 
Extremely useful 

7 Do you have any comments about the training video?  Open response 
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Table 26 continued…. 

Question-
naire 

Question 
number 

Question  Response options  Aims 
explored 

After – 
Test 
group 
only 

8 How useful was the QBA exercise (Scoring the 
example videos) at the end in getting you to evaluate 
the behaviour of the three different flocks?  
 

1. Not at all useful – 5. 
Extremely useful 

Overall 
impressions  
 

9 Do you have any comments about the QBA exercise 
(scoring the terms for the example videos of the three 
houses)?  

Open response 

4.2.5 Statistical analysis 

All responses were first entered to Excel for Mac and analysis completed in SPSS version 25 (IBM Corp, 

2017). 

4.2.5.1 Training video Aim 1) Encourage producers to spend time observing their birds  

Whether the training video encouraged producers to observe their birds was explored via All 

participants’ change in Likert scale response to Questions 4a (Before) and 3a (After) (“Do you [plan to] 

take time out of your day to ‘just’ watch your birds”) and change in response to Question 5 (Before) 

and Question 4 (After)  (“How important do you think it is to observe your birds’ behaviour?”). All 

participants selected “Yes, every day” or “Yes, when I have time” for Questions 4a (Before) and 3a 

(After) and selected 5 - Extremely important or 4 for Questions 5 (Before) and Question 4 (After) 

resulting in dichotomous data. Change in proportion of responses Before and After were therefore 

explored for all participants using McNemar’s tests.  

To investigate whether the QBA exercise impacted upon participants’ responses, separate McNemar’s 

tests were also run for the Test and Control groups and results compared. To control for multiple 

comparisons on each question, a Bonferroni correction was applied, and statistical significance 

accepted at p=0.016.  

4.2.5.2 Training video Aim 2) Encourage recognition of positive behaviours for commercial broilers. 

Open responses to Question 3 (Before) and Question 4 (After) were explored (“Please describe what 

you [plan to] look for, in relation to behaviour, in order to determine whether a particular flock is 

'good' or not? What sort of things in what they do or in how they move around make you think there 

is an issue, and what are the signs that things are well?”) to understand whether the training video 

encouraged the recognition and observation of positive behaviours. As this was the same question as 

previously posed in 0 to a similar cohort of participants, responses were coded using the same codes 

and overarching themes previously identified in the Thematic analysis. Responses were checked to 
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ensure no additional codes or themes arose. Counts of responses within each category were 

converted to percentage responses from the Test and Control groups for reporting.  

To establish how the training video affected participants’ recognition of positive behaviour, further 

analysis was applied specifically to codes within the Theme Aspects of behaviour. Change in 

proportions of responses mentioning each of the four codes, Before and After, were investigated using 

McNemar’s tests for responses from All participants. The codes within the Theme Aspects of 

Behaviour were: Happy/demeanour; Specific behaviour (e.g. dustbathing, sparring), 

Activity/movement; and Distribution/Spread. Additionally, as 0 had identified a high proportion of 

producers describing Health checks in order to determine how ‘good’ a flock was, a change in 

proportion of respondents mentioning any aspects (all codes) of the health check Theme was further 

explored.  

To determine the effect of the QBA exercise separate McNemar’s tests for the Test and Control groups 

were run on proportions of responses mentioning aspects within the aforementioned codes and 

theme too. In order to control for the multiple comparisons applied to this data, a Bonferroni 

correction was employed, and statistical significance accepted for all tests at p=0.003.   

To specifically explore the influence of the QBA exercise on the recognition of positive behaviours 

from videos, participants correctly identifying positive behaviours displayed in the example videos 

(Question 1  (After), “For each of the three example videos you have just watched, tick the positive 

behaviours you saw“) were identified from each group and compared visually by graphical 

representation. Additionally to explore the influence of the QBA exercise on how producers described 

behaviour of birds, responses to Question 2 (After) (“How would you describe the free-range birds’ 

behaviour in video 3?”) for the Test and Control groups were examined. Response length (number of 

words) and the Number of QBA terms specifically referenced was investigated for each group as was 

specific reference to positive behaviours. Normality of Response length and Number of QBA terms 

data was determined by inspection of histograms and Shapiro Wilk tests. Data was deemed to be non-

normal thus differences in distribution of Response length and Number of QBA terms between the 

Test and Control group were explored using non-parametric Mann Whitney U tests. Proportions of 

those mentioning specific positive behaviours such as dustbathing in their description of example 

video 3 were compared using Fisher’s exact test.  
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4.3 Results  

4.3.1 Training video Aim 1) Encourage producers to spend time observing their 

birds  

4.3.1.1 Questions 4a (Before) and 3a (After) - “Do you [plan to] take time out of your day to ‘just’ 

watch your birds?”  

In response to Question 4a (Before) and 3a (After), “Yes every day” was selected by 33.33% of All 

participants and “Yes when I have time” was selected by the remaining participants in the Before 

Questionnaire (n=24 participants). Following exposure to the training video, After responses remained 

similar with a non-significant (p=0.50) change in proportion of responses to 25% of participants 

responding that they plan to take time out of their day just to watch their birds “every day” and 70.83% 

“when they have time” (1 person (4.17%) did not respond to the question but stated “already do” -

this person’s response was excluded from analysis). No respondents selected “No, I don’t have time” 

or “No, I’m not sure why I would” in either Before or After questionnaires. 

Reasons provided as to why participants would take time out of the day in the Before questionnaire 

included:  

“To make sure the birds are happy and healthy. Make sure there are no issues”. 

Reasons provided as to why they would take time out of the day in the After questionnaire included:  

 “I try to do this every day anyway, but I can see the benefits of doing this on a day-to-day basis. You 

can tell more from watching than you can from paperwork”. 

Individual McNemar’s tests were applied to the Test and Control group’s Before and After responses 

to determine whether there was an effect of the QBA exercise. “Yes, every day” was selected by 75% 

of Test participants both Before and After. “Yes, every day” was selected by 58.33% of Control 

participants Before, and 75% of participants After. The change in proportion of responses for each 

group was non-significant (Table 27;Test p=1.00; Control p=0.500). 
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Table 27 Number of times 3 – “yes when I have time” and 4 – “yes every day” was selected for Test and Control 

groups in Before and After questionnaires in response to the question “Do you [plan to] take time out of your day 

to ‘just’ watch your birds?” 

   Test  Control  All participants   

   After  After  After  

    

3 - 
"Yes 
when I 
have 
time" 

4 - 
'Yes 
every 
day" Total 

3 - 
"Yes 
when I 
have 
time" 

4 - 
'Yes 
every 
day" Total 

3 - 
"Yes 
when I 
have 
time" 

4 - 
'Yes 
every 
day" Total 

Before  

3 - "Yes 
when I have 
time" 3 0 3 3 2 5 6 2 8 

4 - 'Yes every 
day" 0 8 8 0 7 7 0 15 15 

Total 3 8 11 3 9 12 6 17 23 

 p value 1 1.000 0.500 0.500 
1Statistical significance accepted at 0.016 

4.3.1.2 Question 5 (Before) and Question 4 (After) - “How important do you think it is to observe your 

birds’ behaviour?” 

Exposure to the training video also resulted in a non-significant (p=0.250) change in proportion of 

responses by All participants to the question “How important do you think it is to observe your birds’ 

behaviour” (Table 28; 79.15% stated that it was Extremely important to observe birds’ behaviour in 

the Before questionnaire and 91.67% stated that it was Extremely important in the After 

questionnaires). Similarly, change in proportion of responses within the Control group and Test groups 

were also non-significant (Table 28; Test p=1.00; Control p=0.500). No participant selected less than 4 

(Scale was 1- Not at all important to 5 – Extremely Important).  

Table 28 Number of times 4 and 5 (Extremely important) were selected for Test and Control groups in Before and 

After questionnaires in response to the question “How important do you think it is to observe your birds’ 

behaviour” (1- Not at all important to 5 – Extremely important) 

 

   Test  Control  All participants   

   After  After  After  

    4  

5 - 
Extremely 
Important Total 4 

5 -
Extremely 
Important Total 4  

5 - 
Extremely 
Important Total 

B
e

fo
re

 4 1 1 2 1 2 3 2 3 5 

5 – Extremely 
important 0 9 9 0 10 10 0 19 19 

Total 1 10 11 1 12 13 2 22 24 

 p value 1  1.000 0.500 0.250 
1Statistical significance accepted at 0.016 
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4.3.2 Training video Aim 2) Encourage recognition of positive behaviours for 

commercial broilers. 

4.3.2.1 Question 3 (Before) and Question 4 (After)  “Please describe what you [plan to] look for, in 

relation to behaviour, in order to determine whether a particular flock is 'good' or not? What 

sort of things in what they do or in how they move around make you think there is an issue, 

and what are the signs that things are well?”.  

Exposure to the training video appeared to change what producers reportedly plan to look for in 

relation to behaviour to determine whether a flock is ‘good’ or not. Table 29 provides a summary of 

responses within each Code and Theme. Activity/movement and Distribution/Spread were most 

commonly described by All participants in Before responses. As in Chapter 2, despite being specifically 

asked about behaviour, use of other senses, health checks and checking environmental conditions 

were also described by participants. 
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Table 29 Collective and group percentage responses within each Code and Theme to Question 3 (Before) and 

Question 4 (After) – “Please describe what you [plan to] look for, in relation to behaviour, to determine whether 

a particular flock is 'good' or not? What sort of things in what they do or in how they move around make you 

think there is an issue, and what are the signs that things are well?” *Indicates themes or codes further explored 

by use of McNemar’s tests. 

  
  
  
  

Test Control  
All participants (Test 
and Control) 

Before After Before After Before After 

Number of responses to question (n) 11 11 13 13 24 24 

Mean response length (number of words 
±SD) 

31.55 
(±16.26) 

29.09 
(±18.02) 

35.31 
(±15.32) 

27.15 
(±14.50) 

33.58 
(±15.53) 

28.04 
(±15.87) 

Theme Code             

Aspects of 
behaviour  

Happy/demeanour (%)* 9.09 63.64 7.69 15.38 8.33 37.50 

Specific behaviours (e.g., 
dustbathing, sparring) 
(%)* 18.18 90.91 23.08 100.00 20.83 95.83 

Activity/movement (%)* 63.64 63.64 69.23 30.77 66.67 45.83 

Distribution/spread  (%)* 63.64 18.18 53.85 15.38 58.33 16.67 

 Respondents mentioning aspects of 
behaviour (%) 100.00 100.00 84.62 100.00 91.67 100.00 

Use other sense 
Sound (%) 18.18 18.18 38.46 38.46 29.17 29.17 

Smell (%) 9.09 9.09 0.00 7.69 4.17 0.79 

Respondents mentioning use of other 
senses (%) 18.18 27.27 38.46 38.46 29.17 33.33 

Health check 

Look for birds needing 
culling (including leg culls) 
(%) 27.27 0.00 46.15 7.69 37.50 4.17 

General health (%) 0.00 0.00 38.46 15.38 20.83 8.33 

Eating/drinking well (%) 63.64 27.27 53.85 23.08 58.33 25.00 

Weights / growth (%) 9.09 0.00 0.00 0.00 4.17 0.00 

Respondents mentioning health check (%)* 90.91 27.27 84.62 30.77 87.50 29.17 

Environmental 
conditions 

Litter (%) 18.18 18.18 0.00 7.69 8.33 12.50 

Atmosphere (air 
quality/temperature) (%) 27.27 18.18 0.00 23.08 12.50 20.83 

Respondents mentioning environmental 
conditions (%)  36.36 27.27 0.00 23.08 16.67 25.00 

 

Following exposure to the training video (After responses), while no participants used the phrase 

“positive behaviours”, Table 30 shows there was a significant increase (p<0.001) in proportion of All 

participants referencing specific behaviours such as dustbathing or scratching at the litter (when each 

group was considered separately the change in proportion of responses were non-significant). 

Additionally, there was a significant reduction in proportions of All participants describing 

Distribution/Spread (p=0.002) and Health checks (p<0.001) in After responses however these were 
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not significant when each group was considered separately. Change in proportions mentioning 

Happy/Demeanour of birds or Activity/Movement were not significant for All participants nor within 

each group.  

Table 30 McNemar’s test results and Number of times each Code or Theme appeared in Test and Control group 

responses to Before and After questionnaires in response to Question 3 (Before) and Question 4 (After) –  Please 

describe what you [plan to] look for, in relation to behaviour, to determine whether a particular flock is 'good' or 

not? What sort of things in what they do or in how they move around make you think there is an issue, and what 

are the signs that things are well?” 

 

 Test  Control  All participants   

 

 After  After  After  

 

  

Does not 
mention 
Code/ 
Theme  

Mention
s Code/ 
Theme Total 

Does not 
mention 
Code/ 
Theme 

Mention
s Code/ 
Theme Total 

Does not 
mention 
Code/ 
Theme 

Mention
s Code/ 
Theme Total 

Code: Specific behaviours 

B
ef

o
re

 

Does not 
mention Code 1 8 9 0 10 10 1 18 19 

Mentions 
Code 0 2 2 0 3 3 0 5 5 

Total 1 10 11 0 13 13 1 23 24 

p value1 0.008 Not possible to compute  <0.001 

Code: Happy/demeanour 

B
ef

o
re

 

Does not 
mention Code 3 7 10 11 1 12 14 8 22 

Mentions 
Code 1 0 1 0 1 1 1 1 2 

Total 4 7 11 11 2 13 15 9 24 

p value1 0.070 1.000 0.039 

Code: Activity/movement 

B
ef

o
re

 

Does not 
mention Code 1 3 4 3 1 4 4 4 8 

Mentions 
Code 3 4 7 6 3 9 9 7 16 

Total 4 7 11 9 4 13 13 11 24 

p value1 1.000 0.125 0.267 

Code: Distribution/Spread 

B
ef

o
re

 

Does not 
mention Code 4 0 4 6 0 6 10 0 10 

Mentions 
Code 5 2 7 5 2 7 10 4 14 

Total 9 2 11 11 2 13 20 4 24 

p value1 0.063 0.063 0.002 

Theme: Health 

B
ef

o
re

 

Does not 
mention 
aspects within 
Theme 1 0 1 2 0 2 3 0 3 

Mentions 
aspects within 
Theme  7 3 10 7 4 11 14 7 21 

Total 8 3 11 9 4 13 17 7 24 

p value 1 0.016 0.016 <0.001 
1 Statistical significance accepted at 0.003 
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4.3.2.2 Question 1 (After) “For each of the three example videos you have just watched, tick the 

positive behaviours you saw 

The QBA exercise did not aid in the recognition of specific positive behaviours. Participants that 

managed to identify all the positive behaviours displayed in the example videos correctly were solely 

from the Control group (Figure 15), no participants in the Test group correctly identified all the positive 

behaviours displayed in each video.  

 

Figure 15  Number of participants in the Test (n=11) and Control (n=13) groups correctly identifying all the 

positive behaviours displayed in each of the three example videos at the end of the training video 

 

4.3.2.3 Question 2 (After) “ How would you describe the free-range birds’ behaviour in video 3?” 

When asked to describe the behaviour of the birds in the final example video (Question 2, After), 

median (Range) response length for the Test group was 12 (3-41) words compared to 7 (1-35) words 

for the Control group. There was a trend for the Test group to use more words to describe bird’s 

behaviour in example video 3  (U=41.5, z=-1.75, p=0.081). 

When specifically focusing on the terms used by the participants, unsurprisingly significantly more 

QBA terms were used by those in the Test group than those in the Control group. Median (range) 

number of QBA terms for the Test group was 2 (0-5), and 0 (0-1) for the Control group (U=21.5, z=-

3.07, p=0.002).  
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None of the participants mentioned “positive behaviour[s]” in their responses. Similar proportions, 

36.36% and 30.80% of the Test and Control participants respectively, mentioned one of the specific 

positive behaviours displayed by the birds in example video 3 (running, wing flapping or scratching at 

the ground) in their description of the birds, a non-significant difference in proportion of 5.56% 

(p=1.00). 

4.3.3 Overall impressions of the training video 

These experienced stock people thought that the training video was effective at explaining the 

benefits of observing birds and at explaining how to observe birds. Mean (±SD) score attributed by 

participants for how effective the training video was at explaining the benefits of observing birds was 

4.46 (±0.93); mean (±SD) score attributed to how effective the training video was at explaining how to 

observe birds was 4.71 (±0.46); and mean (±SD) score for how effective the example videos were at 

the end at illustrating different types of behaviour was 4.20 (±0.65) where 1 was Not effective at all 

and 5 was Extremely effective.  

The QBA group thought the QBA exercise was useful. Means (±SD) score attributed by respondents 

for how useful the QBA exercises was for specifically evaluating the behaviour of broilers was 4.60 

(±0.51, n=10 responses) where 1 was Not effective at all and 5 was Extremely effective. Unfortunately, 

none of the participants expanded upon their answer. 
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4.4 Discussion 

This study found no evidence that the training video encouraged a group of fairly experienced 

producers to take more time than they currently did to ‘just’ observe their birds (Aim 1), yet the 

training video did appear to encourage producers to look for specific positive behaviours when 

observing broiler behaviour (Aim 2). Although the QBA exercise diverted attention away from 

observation of specific behaviours, contrary to Aim 2, it may have helped producers generate 

descriptions of the broiler behaviour. This is the first study to undertake explorations into an alternate 

use of QBA beyond welfare assessment.    

Unfortunately, the producers that participated in this study were more experienced than had been 

requested. The study was designed to explore the effect of a training video and QBA exercise on new 

producers however mean participant experience was 9.67 years working in poultry production. The 

results obtained are therefore likely to have been affected by the experience of these producers. This 

is discussed below in relation to each Aim. The selection of participants by the supplier may have also 

affected the results obtained as participants may have been those that are particularly engaged. It 

would be insightful to rerun this study with a randomly selected group of less experienced cohort of 

producers. 

The training video did not fulfil overall Aim 1 as it did not encourage producers to take time out of 

their day ‘just’ to observe their birds, nor increase how important they believed observing broiler 

behaviour was. Similarly, there was no impact of the QBA exercise on addressing this aim. However, 

participating producers already reportedly took time out their day and already believed that 

behavioural observation was important. The fact that these producers were fairly experienced means 

that they may already have appreciated the benefits of using behaviour for the management of broiler 

welfare and production.  

The second overall aim of the training video was to encourage recognition of positive behaviours. The 

concept of positive behaviours may have been more innovative than behavioural observation and thus 

less affected by the experience of the participants. The results suggest that the focus of producers on 

the specific behaviours of individual birds may have increased and that the training video was 

successful at demonstrating the types of behaviours that producers should be looking for and, 

ultimately, encouraging.  
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QBA exercise did not encourage the recognition of positive behaviours (Aim 2), indeed no participants 

could recall the specific behaviours displayed in the example videos. QBA looks to describe how an 

animal or group of animals are behaving (Wemelsfelder et al., 2012) not what they are doing. By 

undertaking QBA these results suggest that observer’s attention is drawn away from the specific 

behaviours of the birds, in line with the intention of QBA but was contrary to the aim of the training 

video. While the QBA exercise did not aid the specific recognition of behaviours, it may have helped 

producers describe broiler behaviour as suggested by the trend in increased length of description of 

broiler behaviour as well as use of QBA terms by Test producers. Haught-Tromp (2016) describes how 

constraints within a written task can facilitate creativity – the “Green Eggs and Ham Hypothesis” 

describing the success of the well-known children’s book written using only 50 words. The provision 

of terms here, could be considered a constraint, providing a starting point for a description of broiler 

behaviour rather than requiring description on a “blank canvas”.  Additionally,  QBA may have 

permitted producers to use terms they otherwise may not have to express their perception of the 

welfare of broilers. This suggested impact of the actual application of QBA warrants further, specific 

investigation.  

The limitations and risks associated with this questionnaire-based study should be considered. 

Respondents to questionnaires may also respond in a way that they anticipate being ‘correct’. 

Similarly, acquiescence bias, ‘yes-saying’, may be present. This is where respondents tend to ‘agree’ 

with statements as it is perceptibly easier than to ‘disagree’ (Bowling, 2005).  While questions were 

worded in such a way to try to prevent this, and a mixture of open and Likert scale responses were 

used, this could not be fully avoided. The effects of primacy and recency, bias from the order of 

response options (Bowling, 2005), may also have been present as response order was not changed 

between participants. Alternative approaches such as interviews may have yielded more insightful 

opinions from participants. This study would have also benefitted from a larger sample size than the 

24 participating farmers. The small sample size for this study limited statistical certainty, as evidenced 

when statistical differences were found for all participants but not within groups, despite numerical 

changes.  
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Finally, stating within a questionnaire that one plans to look for specific behaviours does not result in 

a change of behaviour. Knowledge alone may not be adequate for behavioural change and it is likely 

that there are many additional interacting components such as skills, resources and motivation that 

affect behaviour and behaviour change  (Glanville et al., 2020). Human behaviour change in relation 

to animal welfare is a relatively recently established area of welfare science. Future studies and indeed 

training initiatives, should employ theoretical frameworks that take into consideration wider 

influencers of behavioural change, beyond improving knowledge alone. Following intervention effects 

over time and through to farm level will also confirm whether interventions are lasting and result in 

actual improvements to farm animal welfare.   

The positive response from the participating producers reporting that the training video was effective 

at explaining the benefits of observing birds and at explaining how to observe birds, as well as positive 

responses from wider industry stakeholders, has resulted in uptake of the training video, without the 

QBA exercise (nor example videos), as part of the Poultry Passport welfare training module (British 

Poultry Training, 2022). 
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4.5 Conclusion 

Both the training video and the QBA exercise proved beneficial but for different, contrasting reasons. 

While neither encouraged this group of experienced producers to spend more time ‘just’ observing 

their birds, the training video successfully demonstrated and conveyed what positive behaviours 

producers should be looking for. However,  applying QBA restricted the actual observation and recall 

of these behaviours. The QBA exercise may have helped producers generate a description of broiler 

behaviour, however this warrants further investigation. Future studies and training initiatives should 

consider wider components of behavioural change required beyond knowledge building through a 

training video. Additionally, the actual animal welfare impact of the intervention employed should be 

assessed to ensure there has been a beneficial change in producer behaviour. 

 

The following chapter explores the practical application of QBA alongside positive behavioural counts 

within a commercial scale trial. The measures are applied, in a research context, as part of a suite of 

welfare and environmental outcome assessments, to evaluate the welfare of broilers in four different 

production systems varying in stocking density and breed. 
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Abstract 

Broiler chicken welfare is under increasing scrutiny due to welfare concerns regarding growth rate and 

stocking density. This farm-based study explored broiler welfare in four conditions representing 

commercial systems varying in breed and planned maximum stocking density: 1) Breed A, 30 kg/m2; 

2) Breed B, 30 kg/m2; 3) Breed B, 34 kg/m2; 4) Breed C, 34 kg/m2. Breeds A and B were ‘slow-growing’ 

breeds (<50 g/d), and Breed C was a widely used ‘fast-growing’ breed. The behavioural indicators of 

positive welfare, Positive Behaviour Observations, QBA and Bale occupied, were assessed alongside 

indicators of negative welfare and environmental outcomes. Clear differences between conditions 

were detected. Birds in Condition 4 experienced the poorest health (highest mortality and post-

mortem inspection rejections, poorest walking ability, most hock burn and pododermatitis) and litter 

quality. These birds also displayed lower levels of behaviours indicative of positive welfare 

(enrichment bale occupation, qualitative ‘happy/active’ scores, play, ground-scratching) than birds in 

Conditions 1-3. These findings provide farm-based evidence that significant welfare improvement can 

be achieved by utilising slow-growing breeds. There are suggested welfare benefits of a slightly lower 

planned maximum stocking density for Breed B and further health benefits of the slowest-growing 

breed, although these interventions do not offer the same magnitude of welfare improvement as 

moving away from fast-growing broilers.  
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5.1 Introduction 

Commercial broiler chicken welfare is receiving increasing scrutiny from the media and Non-

Governmental Organisations (NGOs) concerning welfare issues associated with rapid growth and 

rearing conditions. European and North American NGOs are targeting food companies, requesting 

that they meet a number of requirements to “best mitigate […] the most pressing welfare concerns 

relating to broiler production” (BCC, 2019; ECC, 2018). Two of these requirements are: to “implement 

a maximum stocking density of 30 kg/m2” (6.0 lbs/ft2 in North America) and to “adopt breeds that 

demonstrate higher welfare outcomes”. These requirements raise questions about the impact of 

varying combinations of stocking density and breed on the welfare of broilers under commercial 

conditions.  

Stocking density is the “total live weight of chickens present in a house at the same time per square 

metre of usable area” (EC, 2007/43). The European Council Broiler Directive (2007/43/EC) sets a 

maximum stocking density (providing specific requirements are met) of 42 kg/m2 whilst the UK codes 

of practice do not permit stocking densities over 39 kg/m2 (DEFRA, 2018). Most UK retailer standards 

state a maximum stocking density of 38 kg/m2. ‘Higher welfare’ retailer standards may set somewhat 

more stringent upper limits (e.g. 34 kg/m2) or even more stringent limits in line with the NGO ‘Chicken 

Commitment’ requirements (BCC, 2019; ECC, 2018). Higher stocking densities typically result in 

greater economic returns for broiler producers due to increased numbers of animals and, therefore, 

kg of meat produced per house. To avoid exceeding maximum stocking densities, in practice, the 

number of chicks placed at the start is calculated from the available floor area of the house and the 

target final weight of the birds (whilst also allowing for some mortality). For the same final target 

weight, a higher stocking density would equate to more animals within a given area (animal density). 

It has been reported that broilers will actively work to avoid higher stocking densities in certain 

contexts (such as Buijs et al., 2011a) whilst clustering together in other contexts (such as Febrer et al., 

2006). Distance travelled or walking bout length decreases with stocking density (Buijs et al., 2010; 

Febrer et al., 2006) and broilers have been observed to ‘jostle’ one another (Dawkins et al., 2004) and 

experience more interruptions to resting periods (Hall, 2001)at higher densities. In general, there is a 

trend for reduced health of broilers at higher stocking densities, including poorer walking ability (Bailie 

et al., 2018b; BenSassi et al., 2019b; Febrer et al., 2006; Knowles et al., 2008) and increased footpad 

dermatitis (Arnould and Faure, 2003; Bailie et al., 2018b; Dozier 3rd et al., 2005). 
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Global broiler production generally utilises breeds with mean growth rates of >50 g/day (‘fast-growing 

broilers’). ‘Slow-growing broilers’ (<50 g/day) are supplied by traditional breed providers or arms of 

the major genetics companies. The market for slow-growing breeds is currently a small portion of all 

broiler production (for the UK this is estimated to be around 11% (Davies, 2019)). Interest in slow-

growing broilers is driven by diverse region-specific consumer trends, including animal welfare 

interest (promoted by NGOs), legislation for age at processing, demands from traditional cuisines and 

retailer initiatives to create premium products (e.g. ‘Higher welfare’ branded meat products). There 

are few published direct comparisons of breeds, particularly under commercial production or 

undertaken within the last 10 years. Given the fast development of broiler genetics previous research 

may not be reflective of today’s genetics. Pen trials have, however, shown differences in behaviour 

between breeds. For example, Bokkers and Koene (2003) reported that slow-growing broilers 

perched, walked and ground-scratched more whereas fast-growing broilers sat, ate and drank more. 

Further, birds growing at >41 g/d performed a reduced variety of behaviours when compared to 

breeds growing at 25-40 g/day and <24 g/day (Castellini et al., 2016). Fast-growing breeds have also 

been reported to have poorer walking ability (Corr et al., 2003; Dixon, 2020; Kestin et al., 2001), more 

foot lesions (Bokkers and Koene, 2004; Eddie A M Bokkers and Koene, 2003; Castellini et al., 2016), 

higher mortality, culls and biological indicators of poorer immunity (Castellini et al., 2016).  

Assessments of broiler welfare such as those described above have typically focused on negative 

welfare outcomes. Recently, there has been an evolution of welfare science to explore positive 

experiences of animals (Lawrence et al., 2019) recognising that good welfare, a “good life” (Edgar et 

al., 2013; FAWC, 2009; Mellor, 2016), is not just about negating negative states but also the promotion 

of positive experiences and emotional states. Positive animal welfare and its assessment emphasises 

resources that are valued by animals (Edgar et al., 2013) as well as positive emotions and the natural 

behaviours animals are motivated to perform (Lawrence et al., 2019). 

The aim of this on-farm study was to evaluate the welfare of broilers in four commercially relevant 

systems with varying combinations of breed (across three breeds selected for different growth rates) 

and stocking density (planned for 30 vs 34 kg/m2 at slaughter age). This study is the first to utilise an 

extensive suite of specific behavioural measures of positive welfare alongside more traditional 

negative welfare outcomes and environmental outcomes in a large-scale trial. We predicted that 

negative welfare outcomes would increase, and positive welfare outcomes would decrease, with 

increased mean growth rate and stocking density, equivalent to increased productivity of the system. 

Thus, we expected that the condition that would achieve the best welfare would be that with the 

slowest growing birds and lowest stocking density. 
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5.2 Material and Methods  

5.2.1 Conditions 

Birds were kept in four Conditions varying in breed and planned maximum stocking density 

representing commercial production systems: 

Condition 1: Breed A (expected growth rate 45 g/day); planned maximum stocking density 30 kg/m2 

Condition 2: Breed B (expected growth rate 49 g/day); planned maximum stocking density 30 kg/m2 

Condition 3: Breed B (expected growth rate 49 g/day); planned maximum stocking density  34 kg/m2 

Condition 4: Breed C (expected growth rate 63 g/day); planned maximum stocking density  34 kg/m2 

Breeds A and B were ‘slow-growing’ breeds (<50 g/day) and Breed C was a standard ‘fast-growing’ 

(>50 g/day) breed. Commercial sensitivities preclude identifying breed names. The commercial nature 

of the study, and marketing scheme standard in which the trial was implemented meant that the 

combinations of breed/planned maximum stocking density available for investigation were limited 

and resulted in an unbalanced trial design. Condition 4 represented the standard for broiler 

production for one UK retailer at the time of the trial. 

The four Conditions were pseudo-randomly allocated across four houses over four production cycles. 

Full random allocation was not possible as Condition 4 had to be housed in one of two houses due to 

feed bin requirements. Chicks were placed as hatched and placement was staggered with the 

intention that birds within a production cycle would reach a targeted, retailer marketing standard, 

final weight of 2.20 kg on the same processing date. 

5.2.2 Housing and management 

The study was conducted on a single farm over four production cycles between January and October 

2018. The farm was managed by the same stockperson throughout. Four houses were allocated as 

trial houses, all similar in layout, size and orientation. House internal dimensions were 18.1m x 48.7m. 

For Condition 2, Production Cycle 2, insufficient chicks were delivered to the farm such that the house 

length was reduced to 42.3m to maintain planned stocking densities. Each house contained six rows 

of drinkers and four rows of feeders, with 60 feed pans per row. Feeders and drinkers had wires above, 

installed to discourage birds from perching on them. All houses had three rows of structural posts, 

and Perspex windows along both long sides. Artificial light was provided by a row of energy-saving 

compact fluorescent light bulbs down each side of the house and a row of fluorescent tubes down the 

middle. Each house had two gas heaters, positioned on the same wall at either end of the house. Fresh 

wood-shavings litter covered the concrete floor at the start of each production cycle at a depth of 50-
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70mm. Small rectangular straw enrichment bales (960mm x 430mm x 360mm) were provided at a rate 

of 1.5 bales per 1000 birds (Figure 16). Bales remained present in the house throughout the production 

cycle. Ten 3m wooden square baton (51mm x 51mm) perches at a height of 20mm were provided per 

house. 

Each Condition was managed as per usual commercial practice for that Condition. Vaccinations, feed, 

heating and lighting schedules were implemented according to the breed requirements. Conditions 1-

3 received the same diet, whilst Condition 4 received a different diet due to breed requirements and 

standard growing practices. Conditions 1-3 had a temperature profile that started at 33oC and was 

reduced by 0.4oC a day to 18oC whilst Condition 4 started at 34oC and was reduced by 0.5oC a day to 

18oC. All conditions provided natural light from Day 3. By Day 6, Conditions 1-3 provided 6h of 

continuous darkness from 21:00, whilst Condition 4 provided a 4h continuous darkness period from 

21:00 followed by a 2h dark period starting at 03:00 as specified by the breeding company.  

Planned maximum stocking density was manipulated by placing different numbers of birds in the 

house. Placement was such as to avoid exceeding maximum stocking densities whilst still accounting 

for expected mortality as per usual commercial practice.
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Figure 16 a) Layout of each house, showing theoretical grid for determining random areas of the house (X and Y axis), transect numbers (X axis), initial observation route and 

location, and Positive Behaviour Observations route and b) Positive Behaviour Observations schedule (minutes) and methodology showing Disturbed and Undisturbed patches 

defined by the edges of the feeder/drinker lines and between 3 feeder pans
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5.2.3 Data collection  

Stockperson records were used to collate production information and mortality data. Processing 

welfare outcomes were provided by the processing plant at the end of each production cycle. 

Additional negative welfare outcomes, and environmental outcomes, were assessed by an observer 

(A.R.) two days before processing. Positive welfare outcomes were assessed by the same observer at 

three Production Stages during each production cycle (Days 14 and 28, and 3d before processing) 

(Table 31). Morphological differences between the breeds meant that it was not possible to blind the 

observer to treatment. 

Table 31 Measures and time points when assessed in each Condition 

Assessment category Data source 
Timing of 
measurement 

Measure 

Production 
information  

Stockperson 
records 

Daily Remaining birds / Stocking density 

Weekly Weight / Growth rate 

Negative welfare 
outcomes  

Stockperson 
records 

Daily  Mortality (+ reason)   

Processor At processing  

Dead on Arrival  

Pre-processing Culls 

Total Post-Mortem Inspection Rejections (+ 
reason)  

Observer (AR) 
Two days before 
processing 

Gait Score 

Hock Burn (Production Cycles 3 and 4 only) 

Pododermatitis  (Production Cycles 3 and 4 
only) 

Avoidance Distance Test  

Positive welfare 
outcomes  

Observer (AR) 

3 Production Stages 
(Days 14 and 28, and 3 
days before 
processing)  

Bales Occupied 

Qualitative Behaviour Assessment (QBA) 

Positive Behaviour Observations 

Environmental 
outcomes  

Observer (AR) 

Two days before 
processing 

Litter Quality 

Ammonia 

 

5.2.4 Production information 

The number of birds remaining in the house was recorded daily by the stockperson. Birds were 

weighed weekly by the stockperson by penning and weighing 50 random birds. Birds remaining, 

average weight and internal house dimensions were used to calculate Stocking Density.  
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5.2.5 Negative welfare outcomes  

5.2.5.1 Mortality  

Mortality, and reason, were recorded daily by the stockman. Reason for mortality was defined as 

culling due to lameness (leg culls), culling because moribund or for other reasons (other culls) and 

found dead (dead). Total Mortality was the sum of these three categories. Values may be subject to 

some error due to possibility of the stockman not finding all dead birds or those that required culling. 

Values were expressed as percentages of chicks placed per production cycle.  

5.2.5.2 Processing welfare outcomes  

Birds from all conditions within a production cycle were processed on the same day and within the 

same shift, ensuring consistency of catching and processing plant staff and assessors. Dead On Arrival 

was the percentage of birds that died during transit. Birds were counted prior to being hung on the 

processing line. Pre-processing culls included birds deemed to be too small (could fall off the 

processing line) and emergency culls due to ill-health or sickness. All remaining birds were inspected 

by poultry meat inspectors. All birds with pathologies were recorded (with reason; Figure 18) as Post-

mortem Inspection Rejections. Data were converted to percentages per production cycle.  

5.2.5.3 Additional negative welfare outcomes 

Avoidance Distance, Gait Score, Hock Burn and Pododermatitis assessments were undertaken 2d 

before processing between 09:30 and 14:30. The order of assessing each condition was randomised. 

Avoidance Distance Tests were conducted first, followed by Gait Scoring, in pre-determined random 

areas within a theoretical grid of 176 possible areas per house delineated by the posts, and drinker 

and feeder lines (Figure 16). In Production Cycles 3 and 4, Hock Burn and Pododermatitis assessments 

were undertaken in the afternoon of the same day between 14:30 and 16:00, also in pre-determined 

random areas of the house.  

5.2.5.3.1 Avoidance Distance Test  

Avoidance Distance Tests assessed reactivity of the birds to a person as defined in Welfare Quality® 

(2009). In each of 21 random areas, the observer approached a group of at least 3 birds, slowly 

squatted for 10s and then by slowly looking around counted the number of birds within an 

approximate radius of 1m (an arm’s length). The mean percentage of birds over the 21 trials was then 

calculated.  
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5.2.5.3.2 Gait Score  

One hundred birds per Condition were scored across 50 random locations. At each location, a 30cm x 

30cm acetate grid with 5cm2 squares numbered 1-36 was held at arm’s length and the two birds 

closest to a preselected, randomly generated number in the grid were observed to walk for at least 

10 steps and scored (Kells et al., 2001) using the 6-point Bristol gait scoring method (Kestin et al., 

1992). Zero described a bird with no detectable abnormality and 5 described a bird incapable of 

walking. Birds scored 4 or 5 were carried to the end of the house to be culled by the stockperson. The 

data were averaged to obtain a mean gait score per 100 birds. 

5.2.5.3.3 Hock Burn and Pododermatitis 

Roughly 100 birds were penned in four randomly generated locations in each house (Production Cycle 

3 and 4 only). All birds penned were assessed. Birds were handled as per routine inspection of hock 

burn and pododermatitis by the farm manager. Birds were handled according to best practice  with 

two hands around the body (no inversion) allowing for observation of the feet and hocks for scoring 

(DEFRA, 2018). Feet and hocks were scored according to the scales defined in Welfare Quality® (2009), 

whereby 0 equated to no evidence of lesions and 4 to severe lesions. Both legs were inspected, and 

the highest score noted.  

5.2.6 Positive welfare outcomes 

Bales Occupied counts, Qualitative Behaviour Assessment (QBA) and Positive Behaviour Observations 

were undertaken once at each Production Stage. For Production Stage 1 and 2 each Condition was 

assessed at either 10:30 or 12:00, in a pseudo-randomised order (two assessments at each time across 

the four production cycles). At Production Stage 3, each Condition was pseudo-randomly assigned to 

be assessed at 09:30, 11:30, 13:30 or 15:30, due to all conditions requiring assessment on the same 

day (one assessment at each time across the four production cycles).   

The assessments were conducted as follows: The observer entered the house and slowly walked up 

to the 5th post of Transect 3 to set up a video camera (data not presented). The observer then walked 

back to the end of Transect 3, near the door-end of the house. After allowing the birds settle for 5min, 

they were observed for 10min and QBA scores were recorded. An instantaneous scan sample of Bales 

Occupied was then performed. At 20min after arriving at the end of Transect 3, the observer moved 

to the starting position for conducting the Positive Behaviour Observations (Figure 16). 

5.2.6.1 Bales Occupied  

The number of occupied bales (having one or more birds on top) was counted and expressed as a 

percentage of the total number of bales in the house. 
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5.2.6.2 Qualitative Behaviour Assessment  

QBA was undertaken using a fixed list methodology (Clarke et al., 2016). The list of descriptors 

included 14 expressive qualities: content, flat, active, playful, flighty, stressed, alert, happy, calm, 

inquisitive, lethargic, comfortable, lively and relaxed. Following the 10-min observation period, the 

observer scored the entire flock using a paper-based 0-125 mm Visual Analogue Scale, whereby 0 mm 

indicated that the expressive quality was absent throughout the whole 10 min and 125 mm indicated 

the maximum possible expression of the quality. Each term was measured and scored as the distance 

in mm from 0 to the level marked on the scale.  

5.2.6.3 Positive Behaviour Observations 

Transect sampling for positive behaviour was performed using a method modified from Newberry 

(2018). The feeder and drinker lines were used to delineate 11 transects within each house (Figure 

16a). Transect 11 was on the South-East facing side of each house. Each observation ‘patch’ was 

defined by the feeder/drinker lines and the distance between 3 feed pans (1.5m) (Figure 16b). Scans 

were made of 54 Undisturbed (U) patches per house, located two transects across from, and ahead 

of, the observer’s current location, and 57 Disturbed (D) patches through which the observer had 

slowly walked 75s previously. For Condition 2, Production Cycle 2, two fewer U and D patches were 

observed per transect due to the reduced house length (48 U and 51 D patches in total were observed 

for this house).  

To initiate the observation sequence, the observer started a timer and walked slowly to the 3rd feed 

pan in Transect 2 by 15s, then waited a further 60s before walking to the 6th feeder (Step 1) and 

continuing the cycle of observations (steps 2-5, Figure 16b). The observer walked slowly up Transect 

2 (South-West facing side), observing D patches behind them in Transects 2 and U patches ahead and 

two transects across in Transect 4 . They then walked slowly down Transect 5, observing transects 5 

(D) and 7 (U) and, finally, up Transect 8, observing Transects 8 (D) and 10 (U) (Figure 16).  

At each patch, the observer recorded the number of birds in a patch that performed each of the 

following mutually-exclusive behaviours: worm-running, play-fighting, wing-flapping, jumping, 

running, ground-scratching, vertical wing shaking  and perching on wires (Table 32), where the 

behaviour closest to the first in this list was recorded if the bird performed more than one of these 

behaviours.  
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Table 32 Ethogram of mutually-exclusive behaviours recorded when birds were undisturbed, or 75 s following a 

disturbance (adapted from Newberry (2018)) 

Behaviour 
category* 

Behaviour Description 

Play† Worm-run While walking or running excitedly, bird carries a small object 
projecting from the beak, such as a large piece of wood shaving or 
peat, piece of paper or plastic, or a feather. The bird makes rapid 
changes of direction and normally attracts other birds to follow.  

Play-fight‡ Bird runs or jumps directly towards the head of another standing 
bird which may simultaneously rapidly approach. If both birds face 
each other and stare while in close proximity, both birds are 
counted. If one bird approaches and stares at another standing bird 
which does not respond, only that bird is counted. If playful 
movements and sudden stops are not directed to any particular 
bird, not recorded as play fight.  

Wing-flap While active and not lying down, bird raises and rapidly lowers both 
wings simultaneously, usually several times in rapid succession. 
Usually occurs when running or jumping, aiding in propelling the 
body. Does not include slow stretching of wings, holding wings out 
but not flapping, or body shaking.  

Jump While active and not lying down, bird moves both feet off substrate 
simultaneously; may jump up off the floor (e.g. up into the air) 

Run While active and not lying down, bird takes at least three rapid 
steps forward with one foot after the other, with both feet briefly 
lifted off the substrate during strides, resulting in moving the body 
rapidly from one location to another.  

Exploration  Ground-scratch While active and not lying down, bird rakes the substrate with the 
toes and claws using a rapid backward kicking movement of the leg 
and foot.  

Comfort Vertical wing 
shake  

While dustbathing on the ground in a recumbent position with 
fluffed feathers, bird simultaneously and rapidly lifts the wings up 
and down multiple times, typically accompanied with vigorous leg 
movements; wings are held close to the body, scooping loose 
substrate material up into the feathers. Does not include scratching 
with feet while lying down when unaccompanied by wing 
movements. 

Safety Perch on wire Bird sits or stands on wire above drinker or feeder lines (wooden 
perches and bales were not present in the observed patches). 

 

*Behaviours are listed in order of precedence for determining which behaviour to record when a bird was 

performing multiple behaviours in the same scan 

 

† There has been little consideration and identification of play in domestic fowl. These play-like behaviours 

contain features of play as observed in other animals. Play behaviours are spontaneous, energy-demanding, 

self-handicapping behaviours performed in a non-life-threatening context (Spinka et al., 2001). 

 

† All interactions within the Play-fight category were considered non-aggressive due to the young, non-sexually 

mature age of broilers and the behaviour aligning to Spinka et al.’s (2001) definition of play.  
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5.2.7 Environmental outcomes 

After completion of Gait Scoring, Litter quality was scored at 6 random locations across the house 

using the Welfare Quality® (2009) classification system. A minimum score of 0 represented 

“Completely dry and flaky” litter and a maximum score of 4 represented litter that “Sticks to boots 

once the cap or compacted crust is broken”. The mean of the six scores was calculated to provide one 

score per house per production cycle.  

Ammonia was measured after the Avoidance Distance Test, at five standardised locations throughout 

each house (two front, two back and one in the middle) using pHydrion paper tests. Each strip was 

wetted with distilled water and held at bird height for 15s. The change in colour of the paper indicated 

ammonia concentration against a colour chart ranging from 0-100ppm. The mean of the 5 scores was 

calculated to provide one ammonia score per house.  

5.2.8 Statistical analysis 

All analyses were undertaken in SPSS version 25 (IBM Corp, 2017). 

5.2.8.1 Negative welfare outcomes  

Mortality and Processing welfare outcomes were collected only once per production cycle per 

condition and thus only descriptive data are presented in the text. Avoidance Distance, Gait Score, 

Hock Burn and Pododermatitis all violated the assumptions of a parametric Analysis of Variance 

(ANOVA) and Kruskal-Wallis H tests were utilised. Pairwise comparisons between the four conditions 

were undertaken using Dunn’s (Dunn, 1964) procedure utilising a Bonferroni correction for multiple 

comparisons and statistical significance accepted at the p<0.008 level. 

5.2.8.1.1 Avoidance Distance Test   

The mean number of birds within arm’s length was compared to a theoretical number of birds within 

a meter circle (equal to the observer’s arm span) to provide % of birds within arm’s length, where the 

Theoretical number of birds = stocking density (in birds/m2)*π/2. The Theoretical number was divided 

by two, to account for the space taken by the assessor (as per Welfare Quality® (2009)). Kruskal-Wallis 

H test and pairwise comparisons were run to explore differences between conditions. 

5.2.8.2 Positive welfare outcomes 

Bales Occupied Bales Occupied was analysed using a mixed ANOVA with Condition as a fixed effect 

and Production Stage as a repeated measure. Pairwise comparisons utilising a Bonferroni correction 

were run to explore differences in Bales Occupied between Conditions and Production Stages. 
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5.2.8.2.1 Qualitative Behaviour Assessment 

Scores were analysed using principal component analysis (correlation matrix, no rotation). Separate 

mixed ANOVAs were run on each identified principal component, with Condition as a fixed effect and 

Production Stage as a repeated measure. Pairwise comparisons utilising a Bonferroni correction were 

run to explore differences between Conditions and Production Stages. 

5.2.8.2.2 Positive Behaviour Observations  

Positive behaviours were categorised as Play (including worm-run, play-fight, wing-flap, jump and 

run), Exploratory (ground-scratch), Comfort (vertical wing shake), Safety (perch on wires) and Any 

Positive Behaviour (sum of all positive behaviours). The Play category comprised spontaneous, energy-

demanding, self-handicapping behaviours performed in a non-life-threatening context (Spinka et al., 

2001). The Exploratory category represented behaviour involved in finding or revealing aspects of the 

physical environment, Comfort represented body maintenance behaviour (here, measured by vertical 

wing shakes, a major component of dustbathing behaviour) and Safety represented anti-predator 

behaviour (here, measuring the skill and agility to perch on narrow, non-stationary, elevated 

structures). 

The expected number of birds in each patch was calculated from the total number of birds in the 

house on the day of assessment, total area of the house and the proportionate patch size, assuming 

uniform distribution of birds throughout the house. 

Associations of Production Stage, Condition and Disturbance with performance of behaviours in each 

positive behaviour category were analysed using negative binomial regression with log link function. 

Scan data were analysed in an ‘events out of trials’ format whereby counts of the number of birds 

performing behaviours in each behaviour category were summed across all observed Undisturbed and 

Disturbed patches in the house. By summing the data, any effect of location of patches was accounted 

for by the similar layout and transect methodology applied to all houses. The offset variable was the 

log of the sum of the expected number of birds in each observed patch.  

Condition 4 was the reference category for comparisons across the four Conditions. Maximum 

planned stocking density associations were explored in Breed B with Condition 3 as the reference 

category. To explore differences between the two slow-growing breeds (Breed A vs B), Condition 1 

was the reference category. 
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5.3 Results 

5.3.1 Production information  

There was a 14 day difference in production cycle length between Conditions 1 and 4 (Table 33a). This 

difference in growth rate was already apparent at Production Stage 1, with birds in Condition 4 being 

41% heavier than the birds in Condition 1. While animal densities remained different for the two 

planned maximum stocking densities, final stocking densities were lower than planned based on a 

target weight of 2.20 kg. 
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Table 33 a) Production information and b) production-related negative welfare outcomes by Condition (Mean 

±SE per production cycle). 

Variable Condition 1 Condition 2 Condition 3 Condition 4 

Production information 

Breed A B B C 

Planned maximum stocking density 
(kg/m2) 

30 30 34 34 

Age at processing (d) 49 45 45 35 

Production cycles (n) 4 4 4 4 

Chicks placed at start (n) 1185858 
1183050 
 

1345027 
13563 

175 

Growth 
rate 
(g/day) 

Production Stage 1 (14 d) 24.610.77 25.210.51 24.090.67 34.861.94 

Production Stage 2 (28 d) 34.596.13 36.980.41 37.390.19 51.181.82 

Production Stage 3 (3 d 
before processing) 

43.991.28 45.670.59 44.990.56 56.311.66 

Final growth rate at 
processing  

44.261.60 47.040.75  46.911.13 58.461.34 

Mean 
weight 
(kg) 

Production Stage 1 (14 d) 0.340.01 0.350.01 0.340.01 0.490.03 

Production Stage 2 (28 d) 0.970.02 1.040.01 1.050.01 1.450.04 

Production Stage 3 (3 d 
before processing) 

2.020.06 1.920.02 1.890.02 1.800.05 

Weight at processing  2.170.08 2.12 0.03 2.110.05 2.050.05 

Animal 
density 
(birds/m2) 

Animal density at 
placement 

13.42±0.08 13.39±0.07 15.23±0.04 15.30±0.20 

Production Stage 1 (14 d) 13.09±0.27 13.18±0.08 15.06±0.08 14.84±0.15 

Production Stage 2 (28 d) 12.98±0.30 13.07±0.10 14.96±0.10 14.57±0.13 

Production Stage 3 (3 d 
before processing) 

12.93±0.31 13.00±0.12 14.89±0.12 14.49±0.12 

Animal density at 
processing  

12.91±0.31 12.98±0.12 14.86±0.12 14.41±0.13 

Final stocking density (kg/m2) 28.051.47  27.480.57 31.380.93 29.470.65 

Production-related negative welfare outcomes 

7d 
Mortality 
(%)* 

Leg culls 0.150.04 0.280.06 0.210.06 0.300.05 

Other culls 0.130.01 0.220.04 0.180.06 0.330.08 

Dead 0.480.08 0.770.12 0.570.11 1.450.28 

7d Total  0.760.12 1.270.19 0.960.22  2.080.29 

Total 
Mortality 
(%)* 

Leg culls 0.490.12 0.780.21 0.620.17 2.090.39 

Other culls 0.410.04 0.710.18 0.600.19 1.030.03 

Dead 1.210.14 1.710.23 1.370.21 3.110.49 

Total 2.100.30 3.200.54 2.580.56 6.230.62 

Processing 
welfare 
outcomes 
(%) 

Catching and transport 
time (hr:min) 

3:260:19 4:090:13 3:350:20 3:360:17 

Dead on Arrival  0.020.01 0.030.03 0.020.01 0.040.02 

Pre-processing culls  0.020.01 0.020.01 0.020.01 0.140.06 

Total Post-mortem 
Inspection Rejections  

0.140.03 0.450.15  0.600.15 1.340.37 

*n=4 production cycles for Conditions 2, 3 and 4; n=3 for Condition 1.  
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5.3.2 Negative welfare outcomes  

5.3.2.1 Mortality  

 

Figure 17 Mean (± SE) 7d and Total Mortality % (+ reason) across each Condition (n=4 for Conditions 2,3 and 4; 

n=3 for Condition 1) 

Condition 4 resulted in the numerically highest 7d and Total Mortality (Table 33b; Figure 17). 

Production Cycle 2 of Condition 1 experienced high 7d Mortality. Because it occurred only in one 

production cycle, this mortality was unlikely to have been related specifically to Condition 1 and so 

mortality data from this production cycle were excluded in Table 33. When including the Production 

Cycle 2 mortality figures in the mean score (±SE), Condition 1 had 2.27±1.52% 7d Mortality and 

4.00±1.91% Total Mortality.  

5.3.2.2 Processing welfare outcomes  

All conditions had a similar percentage of birds Dead on Arrival at the processor, but Condition 4 had 

a greater percentage of Pre-processing culls (Table 33b). A stepwise increase in Total Post-mortem 

Inspection Rejections was observed from Condition 1-4. Condition 4 had 9.6 times more rejections 

than Condition 1 as well as a greater variety of reasons for rejection (Figure 18). 
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Figure 18 Mean percentage (±SE) Post-mortem Inspection Rejection reasons across Condition (n=4 production 

cycles) 

5.3.2.3 Avoidance Distance Test 

 

Figure 19 Median (with IQR) % of birds within one meter of the observer during the Avoidance Distance Test. 

Whiskers show 95% of range, dots show outliers and stars show extreme outliers (>3 times the height of the box)  

(n=84 per Condition). Different letters indicate differences in % distribution between Conditions identified by 

pairwise comparisons using Dunn's (1964) procedure (p<0.008) 
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Median (IQR) percentages of birds within arm’s reach were 14.29 (5.00), 4.96 (2.00), 0.00 (1.00) and 

0.00 (1.00) for Conditions 1-4, respectively (χ2
3=65.32, p<0.001; Figure 19). Post-hoc analysis revealed 

differences between all conditions except between Conditions 3 and 4.  

5.3.2.4 Gait Score 

Conditions 1-3 had 0.50, 2.50 and 3.50% of birds with Gait Score 3 or greater, compared to 16.25% of 

birds in Condition 4 (Fig. 2). Mean (SE) Gait Scores for Conditions 1-4 were 1.100.03, 1.420.03, 

1.390.03 and 2.020.03%, respectively (χ2
3=368.73, p<0.001; n=400 birds per Condition), with 

differences between all pairs of conditions except between Conditions 2 and 3 (Figure 20). 

 

Figure 20 Mean (±SE) percentage of birds with each Gait Score (ranging from 0, walks with ease, to 5, unable to 

walk) by Condition (n=100 birds per production cycle 2d before processing, across four production cycles). 

Different letters indicate differences in Gait Score distribution between conditions as identified by pairwise 

comparisons using Dunn’s (1964) procedure (p<0.008) 

5.3.2.5 Hock Burn and Pododermatitis 

In the final two production cycles, Conditions 1-4 had 12.38, 13.24, 18.14 and 26.70 % of birds with 

signs of Hock Burn (score 1 or 2), respectively (χ2
3=19.08, p<0.001). Post hoc analysis revealed that the 

scores in Conditions 1 and 2 differed from those in Condition 4 (Figure 21). No birds in Conditions 1 

and 3 had evidence of Pododermatitis whereas, in Conditions 2 and 4, 0.50 and 7.28 % of birds had 

signs of Pododermatitis (scores 1-3), respectively (χ2
3=40.66, p<0.001). Post hoc analysis revealed 

differences between Conditions 1, 2 and 3 vs Condition 4 (Figure 21).  
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Figure 21 Mean (±SE) Hock Burn and Pododermatitis score (ranging from 0, no evidence of lesion, to 4, severe 

lesions) by Condition (n=202, n=204, n=204, n=206 birds scored in Conditions 1-4, respectively) 2d before 

processing of Production Cycles 3 and 4. Different letters indicate differences in score distribution within each 

variable, between conditions as identified by pairwise comparisons of medians using Dunn's (1964) procedure 

(p<0.008) 

5.3.3 Positive welfare outcomes 

5.3.3.1 Bales Occupied 

Mean (SE) percentage Bales Occupied at Production Stage 3 was 93.06±6.94, 91.42±3.78, 83.53±4.79 

and 0.00±0.00 for Conditions 1 to 4, respectively (Figure 22). There was an interaction between 

Condition and Production Stage (F6,26=13.50, p<0.001, partialŋ2=0.77). There was also a main effect of 

Condition (F3,12=69.7, p<0.001, partialŋ2=0.95) and Production Stage (F2,24=100.30, p<0.001, 

partialŋ2=0.89) on Bales Occupied. Pairwise comparisons revealed a difference between Conditions 1 

and 3 (p=0.002), between Condition 4 and all other Conditions (p<0.001), and between Production 

Stage 1 vs 2 (p<0.001) and 1 vs 3 (p<0.001). Bales Occupied did not differ between Production Stages 

2 and 3 (p=0.084). 
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Figure 22 Mean percentage (± SE) of enrichment Bales Occupied by Condition at each Production Stage (n=4). 

Different letters indicate differences in Bales Occupied from post-hoc pairwise comparisons of estimated 

marginal means for Condition utilising a Bonferroni correction (p<0.008) 

5.3.3.2 Qualitative Behaviour Assessment  

From principal component (PC) analysis of 48 assessments, two main PCs (PC1, PC2) were identified 

by visual inspection for the point of deflection in the Scree plot. PC1 and PC2 together explained 

54.10% of the variance (39.18 and 14.90%, respectively). PC1 ranged from ‘Happy/Active’ to 

‘Flat/Stressed’ and PC2 ranged from ‘Calm’ to ‘Flighty/Alert’ (Table 34). 

Table 34 Qualitative Behaviour Assessment descriptor loadings onto principal components PC1 and PC2. Loadings 

higher than 0.60 for each term are bold typed 

PC1 PC2 

Happy 0.82 Calm 0.71 

Active 0.78 Happy 0.27 

Playful 0.76 Content 0.27 

Content 0.74 Relaxed 0.26 

Lively 0.67 Flat 0.20 

Relaxed 0.67 Stressed 0.03 

Comfortable 0.59 Inquisitive -0.02 

Inquisitive 0.55 Lethargic -0.08 

Calm 0.43 Playful -0.22 

Alert 0.19 Comfortable -0.25 

Flighty -0.12 Active -0.30 

Lethargic -0.61 Lively -0.30 

Stressed -0.63 Alert -0.64 

Flat -0.74 Flighty -0.80 
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There was no interaction between Condition and Production Stage in PC1 (F6,24=0.77, p=0.604, 

partialŋ2=0.16; Figure 23). However, PC1 scores differed between Conditions (F3,12=50.73, p<0.001, 

partialŋ2=0.93; Figure 23), with pairwise comparisons revealing differences between Condition 4 and 

all other Conditions (p<0.001). Birds in Condition 4 were scored as being more ‘Flat/Stressed’. PC1 

scores were also associated with Production Stage (F2,24=12.80, p<0.001, partialŋ2=0.52), with pairwise 

comparisons showing a reduction in score (from ‘Happy/Active’ towards ‘Flat/Stressed’) between 

Production Stage 1 and 3 (p<0.001).  

 

Figure 23 Mean (±SE) Qualitative Behaviour Assessment principal component (PC) scores for PC1, which ranged 

from ‘Happy/Active’ (high scores) to ‘Flat/Stressed’ (low scores), by Condition at each Production Stage (n=4). 

Different letters indicate differences in  scores from post-hoc pairwise comparisons of estimated marginal means 

for Condition utilising a Bonferroni correction (p<0.008) 

For PC2, there was no interaction between Condition and Production Stage (F6,24=0.33, p=0.915, 

partialŋ2=0.08), and no main effect of Condition (F3,12=0.23, p=0.873, partialŋ2=0.06) or Production 

Stage (F2,24=0.48, p=0.626, partialŋ2=0.04). The mean (±SE) PC2 scores for Conditions 1 to 4 were -

0.25±0.31, 160.30, -0.010.21 and 0.100.33, respectively.  
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5.3.3.3 Positive Behaviour Observations  

Positive behaviour rates varied between Conditions depending on whether patches were disturbed 

(Figure 24; Table 35). Condition was a significant predictor of Play behaviours in Disturbed patches, of 

Exploratory behaviour in Undisturbed patches and of Any Positive behaviour in Disturbed patches. 

Where Play behaviours were relatively uncommon in Undisturbed patches, they were seen frequently 

in Conditions 1-3 (OR (95%CI): 4.09 (1.79-9.34), 3.20 (1.40-7.29), 3.27 (1.43-7.48), respectively) 

compared to Condition 4 in Disturbed patches (p=0.004).  Exploratory behaviour (represented by 

ground-scratching) was seen more often in Conditions 1-3 that in Condition 4 in Undisturbed patches 

(OR (95%CI): 5.95 (1.60-22.09), 10.16 (2.80-36.75), 5.63 (1.53-20.74), respectively; p=0.006) but did 

not vary between Conditions in Disturbed patches. Odds of observing Any Positive Behaviour followed 

the same pattern as Play, being 4.17 (1.82-9.51), 3.24 (1.42-7.37) and 3.28 (1.44-7.50) times higher for 

Conditions 1-3, respectively, compared to Condition 4 (p=0.003) in Disturbed patches but not different 

in Undisturbed patches 

Production Stage was a predictor of positive behaviour rates (Figure 24; Table 35). In Undisturbed 

patches, an increased odds of observation of Play, Exploratory and Comfort behaviours were observed 

in Production Stage 1 and 2 compared to Production Stage 3 (OR (95%CI) Play: 4.48 (2.15-9.36), 2.19 

(1.04-4.61) respectively, p<0.001; Exploratory behaviour: 18.06 (5.66-57.59), 4.38(1.33-14.47) 

respectively, p<0.001; Comfort behaviour: 6.45 (1.55-26.82), 8.67 (2.09-35.81) respectively, p=0.011). 

For Any Positive Behaviour in Undisturbed patches, only Production Stage 1 had increased odds of 

observation compared to Production Stage 3 (OR (95%CI) 4.05 (1.96-8.39), p<0.001). In Disturbed 

patches, odds of observing Play (OR (95%CI) 0.12 (0.06-0.25); p=0.001) and Any Positive Behaviour 

(OR (95%CI) 0.13 (0.06-0.26); p<0.001) were lower in Production Stage 1 than in Production Stage 3. 
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 Figure 24 Percentage (±2 SE) of birds (of total expected) displaying each positive behaviour category in Disturbed and Undisturbed patches by Condition at each Production 

Stage (n=4). See Table 32 for behaviour definitions, and Table 35 for significance of differences associated with Disturbance and Production Stage 
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Table 35 Significance of differences associated with Disturbance and Production Stage for Play behaviour 

(including worm-run, play-fight, wing-flap, jump, run), Exploratory behaviour (ground-scratching) and Comfort 

behaviour (vertical wing shaking) and Any Positive Behaviour (all categories summed), in Undisturbed and 

Disturbed patches. 

Explanatory 
variable 

Wald  
Chi-
square 

Df P Variable levels p Exp(β) 

95% Wald Confidence 
I t  val     Exp(β) 

lower upper 

Play behaviours – Undisturbed 

Production 
Stage 

15.96 2 <0.001 

Production Stage 1  <0.001 4.48 2.15 9.36 

Production Stage 2 0.039 2.19 1.04 4.61 

Production Stage 3  -  1.00 - - 

Condition  3.72 3 0.293 

Condition 1 0.207 1.74 0.74 4.09 

Condition 2 0.093 2.06 0.89 4.80 

Condition 3 0.095 2.06 0.88 4.83 

Condition 4 - 1.00 - - 

Play behaviours – Disturbed 

Production 
Stage 

42.69 2 <0.001 

Production Stage 1  <0.001 0.12 0.06 0.25 

Production Stage 2 0.982 0.99 0.49 2.00 

Production Stage 3 . 1.00 . . 

Condition  13.46 3 0.004 

Condition 1 0.001 4.09 1.79 9.34 

Condition 2 0.006 3.20 1.40 7.29 

Condition 3 0.005 3.27 1.43 7.48 

Condition 4 . 1.00 . . 

Exploratory behaviour – Undisturbed 

Production 
Stage 

25.23 2 <0.001 

Production Stage 1  <0.001 15.88 5.17 48.74 

Production Stage 2 0.011 4.56 1.41 14.72 

Production Stage 3 . 1.00 . . 

Condition  12.57 3 0.006 

Condition 1 0.008 5.95 1.60 22.09 

Condition 2 <0.001 10.16 2.81 36.76 

Condition 3 0.009 5.64 1.53 20.74 

Condition 4 . 1.00 . . 

Exploratory behaviour – Disturbed 

Production 
Stage 

1.52 2 0.469 

Production Stage 1  0.544 1.56 0.37 6.62 

Production Stage 2 0.224 2.36 0.59 9.39 

Production Stage 3 . 1.00 . . 

Condition  3.83 3 0.280 

Condition 1 0.091 3.77 0.81 17.59 

Condition 2 0.646 1.50 0.27 8.32 

Condition 3 0.683 1.43 0.26 8.01 

Condition 4 . 1.00 . . 

Comfort behaviour– Undisturbed 

Production 
Stage 

9.077  2 0.011 

Production Stage 1  0.010 6.45 1.55 26.83 

Production Stage 2 0.003 8.67 2.10 35.81 

Production Stage 3 . 1.00 . . 

Condition  6.264 3 0.099 

Condition 1 0.020 4.82 1.29 18.10 

Condition 2 0.056 3.75 0.97 14.54 

Condition 3 0.328 2.09 0.48 9.12 

Condition 4 . 1.00 . . 
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Table 35 Continued…  

Explanatory 
variable 

Wald  
Chi-
square 

Df P Variable levels p Exp(β) 
95% Wald Confidence 
I t  val     Exp(β) 

lower upper 

Any Positive behaviour – Undisturbed 

Production 
Stage 

14.26 2 0.001 

Production Stage 1  <0.001 4.05 1.96 8.39 

Production Stage 2 0.073 1.96 0.94 4.08 

Production Stage 3  -  1.00  -   -  

Condition  6.75 3 0.080 

Condition 1 0.053 2.30 1.00 5.30 

Condition 2 0.024 2.62 1.13 6.10 

Condition 3 0.030 2.54 1.09 5.90 

Condition 4 - 1.00  -   -  

Any positive behaviour – Disturbed  

Production 
Stage 

41.63 2 <0.001 

Production Stage 1  <0.001 0.13 0.06 0.26 

Production Stage 2 0.982 0.99 0.49 2.00 

Production Stage 3  -  1.00 - - 

Condition  13.77 3 0.003 

Condition 1 <0.001 4.17 1.82 9.51 

Condition 2 0.005 3.24 1.42 7.37 

Condition 3 0.005 3.28 1.44 7.50 

Condition 4 - 1.00 - - 

 

When exploring associations between stocking density and positive behaviours in Breed B (Condition 

2 vs 3), there was no difference in the odds of observing any of the positive behaviours in Undisturbed 

or Disturbed patches (p>0.05). Furthermore, when comparing the two slow-growing breeds (A vs B) 

stocked at similar planned stocking densities (Conditions 1 vs 2), no differences in display of positive 

behaviours were detected in either Undisturbed or Disturbed patches (p>0.05). 

5.3.4 Environmental outcomes  

5.3.4.1 Litter Quality  

Litter quality was better in Conditions 1-3, with mean (±SE) litter scores of 0.29±0.03, 0.21±0.02 and 

0.46±0.10, respectively, compared to 2.19±0.09 in Condition 4 (n=4 per Condition). 

5.3.4.2 Ammonia 

Ammonia levels were variable across the four Conditions, with mean (±SE) ammonia concentrations 

of 6.05±0.89, 9.65±0.80, 10.88±0.91 and 7.13±0.48 ppm, respectively (n=4 per Condition). 

5.4 Discussion 

This is the first study to utilise a comprehensive suite of measures to specifically identify the 

differences in negative welfare outcomes and positive behavioural outcomes across four commercial 

broiler systems of varying planned maximum stocking density and breeds. Clear differences in 

outcomes can be observed particularly between Condition 4 (standard fast-growing breed, highest 

planned maximum stocking density) and all other conditions. Condition 4 birds experienced the 
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poorest health as indicated by levels of 7d and Total Mortality, Post-mortem Inspection Rejections at 

processing, Gait Score, Hock Burn and Pododermatitis. In addition, birds in Condition 4 had poorer 

positive welfare outcomes (Bales Occupied, qualitative ‘Happy/Active’ scores, and Play and 

Exploratory behaviours) than birds in the other conditions, and poorer Litter Quality. In Breed B, the 

somewhat higher planned stocking density and resulting higher animal density of Condition 3 vs 2 was 

associated with a higher Avoidance Distance to the observer. Comparing the two slow-growing breeds 

(A and B) at similar stocking density, Breed A (Condition 1) had better health for some measures 

compared to Breed B (Condition 2), though no differences in positive behaviour rates were detected. 

Condition 1 had the lowest Post-mortem Inspection Rejections and range of reasons for rejection. This 

suggests that Breed A was the most resilient and that resilience was affected by breed and growth 

rate. This is supported by van der Most et al.'s (2011) findings of compromised immune function when 

selecting for growth rate in poultry. 

In addition to having the highest Gait Scores, birds in Condition 4 showed greater avoidance of humans 

than birds in Conditions 1 and 2, suggesting that they were more fearful or less inquisitive. Previous 

application of the Avoidance Distance Test as an indicator of welfare in broiler chickens has shown 

conflicting results. Vasdal et al. (2018) found that flocks of fast-growing broilers with higher gait scores 

moved away from the observer less, possibly because they were less able or motivated to do so. In 

the current study,  we consider that it was a combination of higher gait scores, reduced motivation 

and increased fearfulness that meant that the birds did not return towards the observer. It should also 

be considered that birds in Condition 4 were the youngest at the time of assessment, which may have 

contributed to a more fearful response. Vasdal et al. (2018) found no effect of stocking density on 

human avoidance, and Tuyttens et al. (2015) observed higher avoidance distances in flocks kept at 

lower stocking densities. These findings contrast with our observation that Condition 3 birds avoided 

the observer more than those in Condition 2 (assessed at the same age). Differences in the planned 

maximum stocking densities compared may have contributed to these different results, possibly 

influenced by unrest resulting from increased disturbances at higher densities (Dawkins et al., 2004; 

Febrer et al., 2006). 

Leg problems are a key welfare and production concern. Walking difficulties (lameness) can be 

associated with both non-infectious and infectious skeletal disorders. Lameness indicates pain 

(Danbury et al., 2000) that results in reduced mobility (McGeown et al., 1999) and access to resources. 

Behavioural observations have shown that lame birds spend less time standing, running, preening and 

dustbathing and more time sitting (McGeown et al., 1999; Weeks et al., 2000). In the current study, 

birds in Condition 4 had the highest Gait Scores, consistent with previous work showing poorer gaits 
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in fast compared to slow-growing breeds. For example, Kestin et al. (2001) found that slow-growing 

Hubbard strains had lower mean gait scores than fast-growing genotypes (Ross 308, 508) when reared 

on the same feeding regime. This study made use of a standard sample size of 100 birds for gait score 

assessments for all houses  (Kells et al., 2001). While this sample size was practical, it was limited and 

equated to less than one percent of all birds placed. However, the distribution of gait scores did not 

vary hugely between production cycles suggesting the distribution of gait scores observed was a true 

reflection of the distribution of gait scores for each treatment. 

Condition 4 birds were found to have the poorest footpad and hock health compared to the other 

conditions. Broilers that are less active tend to spend a greater proportion of their time sitting in 

contact with the litter (Hester, 1994). The higher levels of Hock Burn and Pododermatitis found in 

Condition 4 birds are consistent with lower activity as indicated by lower Bales Occupied and Play and 

Exploratory behaviour results. Furthermore, Condition 4 had the poorest Litter Quality, meaning that 

these inactive birds not only sat for longer but they were also in contact with poorer litter, increasing 

the likelihood of hock burn (Haslam et al., 2007) and pododermatitis (Shepherd and Fairchild, 2010). 

To date, there has been limited use of Qualitative Behaviour Assessment (QBA) in broiler flocks. Where 

QBA has been applied, there have been mixed results (Bassler et al., 2013). We found two 

components. Condition 4 birds were more likely to be ‘Stressed/Flat’ and less ‘Happy/Active’ 

(Component 1) than birds in the other conditions. Muri et al. (2019) also found two components in 

commercial fast-growing broilers, explaining a higher percentage of the variance (70.4%) compared 

to the 54% found here, but few associations with other welfare outcomes. The authors considered 

that the homogeneity of the broiler system resulted in limited variation to detect associations and 

that QBA is perhaps more appropriate for larger animals in smaller groups, allowing for easier 

observation of behavioural expression. In the current study, the demeanour of birds in Condition 4 

(fast-growing birds) was sufficiently different to be detected by QBA. Condition 4 birds were more 

likely to be scored with negatively valanced, low arousal terms (‘Stressed/Flat’) compared to the other 

conditions (slow-growing birds). 

We assessed the odds of observing several specific behaviours considered indicative of positive 

welfare. These behaviours were selected based on being easy to recognise from a distance, infrequent 

enough to be counted and recorded quickly, and expressive of positive qualities such as joyfulness, 

curiosity, self-care and agency. Condition 4 birds ground-scratched less (representing Exploratory 

behaviour) when undisturbed, and Played less and performed Any Positive Behaviour less following 

disturbance, compared to birds in the other three conditions. Foraging involves exploring the 

environment by scratching and pecking at the substrate (Bizeray et al., 2002a) followed by 
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consumption of edible discoveries. Chickens are highly motivated to explore for food despite provision 

of an ad libitum diet. Foraging is considered a ‘behavioural need’ of chickens (Duncan, 1998), with 

chickens preferring to obtain some of their diet by working for it (Duncan and Hughes, 1972). Foraging 

requires a loose friable substrate. Condition 4 had the poorest litter quality, potentially reducing 

opportunities and motivation for foraging. Play behaviour was stimulated by disturbance, as it was 

less often observed in Undisturbed patches. However, even when space opened up in Disturbed 

patches, birds in Condition 4 (Breed C) had lower odds of expressing Play behaviours than birds in the 

other conditions, including Condition 3 (Breed B) birds kept at a similar planned maximum stocking 

density. The Condition 4 birds also tended to engage less in vertical wing shaking (representing 

Comfort behaviour) when undisturbed and had no observations of perching on wires (representing 

Safety behaviour; too rare for statistical assessment). Given that the Condition 4 birds had poorer Gait 

Scores, and Pododermatitis scores, higher 7d and Total Mortality and Post-mortem Inspection 

Rejections, than birds in the other conditions, we suggest that poor physical health was a key 

contributor to their relatively low display of positive behaviours. 

In the Undisturbed patches, a reduction in Play, Exploration, Comfort behaviour and Any Positive 

Behaviour counts was observed from the first to last Production Stages. Lower Play in the final 

production stage is consistent with Vasdal et al.'s (2019) finding of less play at 30 days compared to 

16 days, and the observed reduction in Exploratory behaviour with increasing age is consistent with 

Bizeray et al. (2002). For the Disturbed patches, less Play was recorded in Production Stage 1 than 

when the birds were older. It is possible that these behaviours were not fully captured by our 

methodology, as the birds moved away from the observer and played in other space that was readily 

available in Production Stage 1 due to the birds’ small size. Play can occur as a rebound following 

deprivation of an environmental resource (such as space) (Held and Špinka, 2011). At Production 

Stages 2 and 3, the creation of space in the observer’s path of movement may have stimulated a 

rebound effect, resulting in an increase in odds of observing Play behaviours for these Production 

Stages. Similarly, Baxter et al. (2019) reported more observations of play-like behaviours following 

displacement by an observer at 4 and 5 weeks than at 3 weeks of age, consistent with our findings 

from Disturbed patches. 

In the current study we assessed both disturbed and undisturbed patches. Whilst a greater variety of 

behavioural categories was observed in undisturbed patches, the frequency of observation of play 

behaviours was much fewer than in disturbed patches. In order to gain a clearer picture of the nuanced 

positive behaviours of broilers future research should focus on undisturbed patches, ideally 

automating the recognition of these relatively rare behaviours. Observations of disturbed patches may 

be beneficial for auditing purposes, to provide a discussion point for auditors and farmers such that 
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the promotion of positive experiences is incorporated into expected standards of commercial broiler 

welfare.  

Wetter litter has been associated with poorer broiler health (Dawkins et al., 2004). Conditions 1 and 

2 had the best Litter Quality while the highest litter scores were observed in Condition 4 (mean score 

2.19, where a score of 2 indicated “leaves imprint of foot and will form a ball if compacted, but ball 

does not stay together well”). Condition 3’s mean score was lower than Condition 4’s but more 

variable than Condition 1 and 2’s mean score. Poorer quality litter contains more moisture. High 

stocking densities put pressure on the litter due to increased faeces excreted within a given area. The 

somewhat higher planned maximum stocking densities in Condition 3 and 4, would have resulted in 

higher faeces and litter moisture per unit of floor space (Dozier 3rd et al., 2005). In addition, the more 

rapid growth of the Condition 4 birds would have resulted in more rapid build-up of faeces in the litter, 

explaining the higher litter scores in that Condition despite having a similar planned maximum stocking 

density to Condition 3 as well as a shorter production duration. Ammonia in poultry houses has 

deleterious human, bird and environmental effects (Naseem and King, 2018). However, ammonia 

concentration at the end of the growth period was similar across conditions and did not exceed 

recommended levels of <20 ppm (Red Tractor, 2017) despite the longer production duration of the 

birds in Conditions 1-3 or higher litter scores in Condition 4. A more detailed study exploring total 

emissions over the entire production cycle is required to assess the wider environmental impact of 

higher welfare systems. 

Although stocking density is often referred to when considering the welfare of broilers, higher stocking 

densities are ultimately achieved by placing more chicks in a given area (when producing birds to the 

same final weight). Final stocking densities are influenced by the growth rate of the birds which in turn 

is sensitive to a multitude of variables (e.g. pathologies, feed quality, house temperature profiles, 

management etc.) while final animal densities are less sensitive to these variables as they are only 

influenced by mortality. This is reflected in the results achieved in this study. While final stocking 

densities did not vary greatly across conditions the difference in animal densities did remain consistent 

with the planned maximum stocking densities to the point of processing. One could hypothesise that 

it is the animal density that is more likely to impact the welfare of the individual birds due to 

competition for resources and behavioural disruption, rather than the space available due to the size 

of the birds. However, for Breed B, we observed no differences between Conditions 2 and 3 (which 

differed in  animal density), in most of the Negative Welfare Outcomes including Gait Score (in 

agreement with Bailie et al. considering stocking density (Bailie et al., 2018b)). Similarly, a lack of 

association between animal density and Bales Occupied or Positive Behaviour Observations suggests 

that opportunities to perform behaviours important for positive welfare were no more compromised 
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at the higher animal density. However, we cannot rule out that the lower  animal density of Breed B 

in Condition 2 was also sufficient to restrict behaviour as the birds grew. For example, Comfort 

behaviour (dustbathing, as measured by vertical wing shakes) when Undisturbed declined across the 

Production Stages, whereas in studies where birds were stocked at lower stocking densities, no 

reduction in dustbathing was observed as birds aged (Shields et al., 2004; Weeks et al., 2000). The 

difference in the Avoidance Distance between Conditions 2 and 3 is perhaps reflective of increased 

fearfulness in the higher stocked birds. Use of a slightly higher planned maximum stocking density 

may help to partially mitigate the loss of productivity from moving to a slow-growing breed in 

commercial systems. 

At similar planned maximum stocking and animal densities, birds in Condition 1 (Breed A) were 

healthier than those in Condition 2 (Breed B) as indicated by lower 7-day and Total Mortality (when 

excluding the production cycle that experienced high early mortality), lower Post-mortem Inspection 

Rejections, and better Gait Scores. A lack of behavioural differences between these conditions 

suggests that Breed B’s ability to perform specific positive behaviours was not impaired by their 

slightly faster growth rate.  

Broiler producers manage their flocks to achieve the best possible results regardless of the specific 

marketing scheme demands. In this study, although breed and planned maximum stocking density 

varied, the producer was continuously monitoring and adapting the management of each house to 

optimise outcomes. This varies from a controlled experimental study in which specific factors are 

varied and all other factors held constant. Both approaches are valuable in providing different 

information, the former about outcomes under real-life conditions (emphasising external validity) and 

the latter about the impact of individual factors under a single set of controlled conditions 

(emphasising internal validity). The latter typically involves different management practices to those 

found commercially such as use of smaller flocks and pen sizes, as well as differences in ventilation 

patterns, litter management, feeding and watering practices, labour routines, biosecurity between 

experimental units and veterinary practices. Here, we used the former approach, showing how 

commercial marketing scheme demands for specific product attributes, in this case, use of slower-

growing breeds and lower planned maximum stocking density, were associated with broiler welfare 

outcomes on one commercial farm. By limiting the study to one farm, we were able to control 

potentially influential environmental variables (stockperson, house size and equipment, processor, 

processing dates, seasonal and regional conditions), allowing for detection of differences between 

conditions in a smaller number of production cycles than would have been required if collecting data 

across multiple farms and companies. Despite this, the small replicate number and variation within 

variables prohibited us from running statistical tests on the production information, further replicates 
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would overcome this. As in the case of results from a single research facility, caution is needed in 

applying our on-farm results more generally. 

5.5 Conclusion 

In this study, we compared four conditions simulating four possible marketing schemes for broiler 

chickens varying in growth rate (varying across three breeds) and planned maximum stocking density 

(higher vs lower). We predicted that a wide range of negative and positive welfare measures would, 

overall, indicate the highest welfare in the slowest-growing breed (Breed A) kept at the lower planned 

maximum stocking density (Condition 1) and the lowest welfare in the fastest-growing strain (Breed 

C) kept at the higher planned maximum stocking density (Condition 4), with Conditions 2 (slower-

growing Breed B at the lower planned maximum stocking density) and 3 (slower-growing Breed B at 

the higher planned maximum stocking density) having intermediate results. The differences between 

Conditions 1 to 3 were subtle. Nevertheless, the overall results suggest that, on average, chickens 

experienced better welfare in Condition 1 than in Conditions 2 and 3 (based on lower 7d and Total 

Mortality (when excluding one production cycle), fewer Post-mortem Inspection Rejections and 

variety of reasons for rejection and lower Gait Scores). Differences in welfare between Condition 2 

and 3 were less prominent with only a difference in Avoidance Distance Test results. The clearest 

pattern of findings was for higher welfare in Conditions 1 to 3 when compared with Condition 4 (lower 

7d and Total Mortality, Post-mortem Inspection Rejections, Gait Score, Hock Burn and Pododermatitis 

scores, more Bales Occupied, ‘better’ PC1 Qualitative Behaviour Assessments, higher Play behaviours 

in Disturbed  patches and Exploratory behaviour in Undisturbed Patches). These findings, obtained 

from an observational study under practical commercial conditions, indicate that the most significant 

overall welfare improvement can be achieved utilising a slow-growing breed compared to standard 

fast-growing breeds. There were suggested benefits of utilising a slightly lower planned maximum 

stocking density and further health benefits in systems utilising the slowest growing genotype. 

However, these benefits did not give welfare benefits of the same magnitude as could be realised by 

moving away from the fast-growing broilers (Condition 4, Breed C). 

 

The final chapter closes my investigations. Within this concluding chapter I critically evaluate the 

methodologies I have employed throughout as well as considering future research for the application 

of QBA and positive behavioural counts within a commercial context. I further discuss the wider 

implications of my findings and the future for positive behavioural assessments within the UK broiler 

industry.
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Chapter 6 General discussion 

 

“You will never change things by fighting the existing reality. To change something, build a new 

model that makes the existing model obsolete”  

Buckminster Fuller  (as cited in Quinn, 2000) 
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6.1 General discussion 

This thesis investigated two approaches to positive behavioural assessment for commercial broilers: 

QBA and counts of positive behaviours. A key element of my investigations was to explore the use of 

QBA by broiler producers and further explore whether the use of QBA affected producers’ attitudes 

to animal welfare or their understanding of broiler behavioural expression.  

The initial systematic literature review summarises previous behavioural measures applied to broilers. 

While a variety of behavioural assessments or measures were employed, this review demonstrated a 

bias towards the collection and reporting of health-related or negative welfare outcomes, and 

production parameters for broilers. The review further illustrated a lack of positive behavioural 

outcome assessment and the limited use of Qualitative Behavioural Assessment (QBA) for commercial 

broiler production.  

Chapter 3 explored whether broiler producers achieved agreement in judgement of behavioural 

expression of broilers from videos using a modified Free Choice Profiling (mFCP) QBA methodology. I 

found good agreement between producers suggesting that broiler producers judge broilers’ 

behavioural expression in a similar way using this methodology. While the mFCP QBA exercise did not 

appear to affect producers’ attitudes towards animal welfare, nor how they approached behavioural 

observation, the producers positively evaluated the exercise and considered the potential application 

for training new producers to the industry. This formed the theme of my next study where I explored 

the novel use of QBA as a training tool accompanying a training video introducing and encouraging 

the promotion of positive behaviours. While participant producers were not inexperienced, as 

intended, the study found that applying QBA distracted producers from what the specific behaviours 

the birds were performing in contrast to the aim of the training video. However, QBA may have helped 

producers generate a description of the birds’ behavioural expression.  

Finally, I explored the practical application of QBA and positive behavioural observations alongside a  

suite of negative welfare outcomes and environmental assessments, to evaluate four different 

production systems varying in breed and stocking density. Several of the negative welfare outcomes 

and positive behavioural observations followed a confirmatory pattern in terms of the difference in 

welfare across the four systems. The inclusion of QBA and the positive behavioural observations 

provided further evidence and understanding regarding the experience of and welfare of the birds 

within each system.   
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6.2 Reflections on methodologies employed and considerations for 

future research 

Below I reflect on the methodologies employed throughout the thesis. I consider the  possible 

direction for future research in light of my findings.  

6.2.1 Systematic literature review  

Systematic literature reviews are undertaken using a defined process to distil information in a way 

that is repeatable. A defined process of record selection and inclusion was used to identify, critique 

and then summarise primary research articles. Systematic literature reviews provide a useful 

methodology to draw together multiple findings and to identify gaps within research. Within the 

systematic review implemented in 0, the use of broad search terms allowed for the consideration and 

synthesis of the variety of different aspects of behaviour measured previously. Future research using 

a similar methodology may consider a subset of behavioural measures in greater detail. The 

effectiveness or validity of each measure could also be assessed. In order to further progress 

understanding and development of a positive behavioural indicators, it would be interesting to 

investigate how positive behaviours have specifically been measured within the literature using a 

similar methodology.   

6.2.2 Questionnaires  

This thesis made use of several questionnaires to assess attitudes to animal welfare and approach to 

behavioural observation (Chapters 3 and 4). Limitations associated with questionnaire-based studies 

include response biases such as acquiescence bias or  ‘yes-saying’. This is where respondents tend to 

‘agree’ with statements as it is perceptibly easier than to ‘disagree’ (Bowling, 2005). The effects of 

primacy and recency, bias from the order of response options (Bowling, 2005), may also have been 

present as order of questionnaires were not changed between participants. The use of questionnaires 

is beneficial as they can be less imposing upon the participant, particularly when completed 

anonymously. An alternative approach to questionnaires would have been the use of semi-structured 

interviews, especially for the more qualitative questions that required longer descriptions, however 

this would not have allowed for anonymity of the participant which may have impacted their 

responses. Furthermore, there may have been an inherent bias in results based on those that were 

put forward and agreed to take part.  Finally, self-reporting is not reflective of real-life practices. It 

would be compelling to follow the welfare outcomes of the farms managed by the participants before 

and after the workshops to determine real-world impact upon the birds’ welfare. It would also be 
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insightful to explore the long term impact of the training video or mFCP exercise by use of a follow up 

interview or questionnaires.  

6.2.3 Commercial trials 

Possible conflicting objectives between research and production outcomes may challenge the 

successful implementation of research within a commercial environment.  A significant contributor to 

the success of the commercial trial described in 0 was the fastidious farm manager who was engaged 

with, and was sympathetic to, the research being undertaken on his farm. He adapted his practices 

such as not entering houses when I was undertaking assessments and ensured bales remained in place 

throughout the trial to assess and maintain bale use and availability. This highlights the importance of 

engagement with farm managers in future commercial research to maintain a controlled environment 

and reduce introduction of unplanned variables.  

Since 2020 and the publication of the research described in 0, further pen and commercial trials have 

also been published supporting the findings that slower growing broilers are healthier and have 

different behavioural time budgets compared to standard fast-growing broilers (pen trials: Dawson et 

al., 2021; Santos et al., 2022; Torrey et al., 2021. Commercial trials: Baxter et al., 2021). These findings 

support the generalisation of the results across more farms.  

6.3 Qualitative Behavioural Assessment 

6.3.1 Qualitative Behavioural Assessment by producers  

Within the mFCP methodology (0), broiler producer participants showed good agreement in their 

judgement of the video clips, however agreement between participants does not necessarily 

correspond to the correct identification of the birds’ true welfare. Additionally, the agreement 

demonstrated between producers was following assessment of videos. The future practical 

application of QBA as a producers’ welfare assessment should be further explored by, for example, 

assessing agreement between producers and external assessors during on-farm observations. 

Assessments should then be implemented across different broiler systems and compared to other 

welfare outcomes to determine the validity of the measures.  

The mFCP methodology successfully provided a structured way for producers to devise their own list 

of terms,  which they then scored the birds against. There has been some exploration and creation of 

QBA terms for Brazilian assessors (Federici et al., 2016), highlighting the need for regional-specific 

terms (rather than a direct translation from the Welfare Quality® (2009) fixed terms). Direct use of the 
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Welfare Quality® (2009) terms for UK broiler producers may also be inappropriate. This mFCP exercise 

allowed for broiler producers to use terms that were culturally relevant to them, which may have 

increased the likelihood of agreement between producers explaining, in part, this observation in 

Chapter 3. It is unlikely that the mFCP methodology will be used for regular, on-farm, producer 

assessments, due to the need for multiple assessors to assess the same birds. However, future 

application of QBA by producers should consider the relevance of terms, to producers, within a fixed 

list (e.g. the use of regionally or culturally relevant terms). 

Even when terms have been devised to be relevant to producers, QBA is dependent on the literacy of 

the assessor. Prevalence of illiteracy within UK agriculture is unknown. The 2012 OECD International 

survey of Adult skills did not collate enough data for Agriculture, Forestry and fishing to make any 

‘robust inferences’ (Great Britain. Department for Business, 2013). However, throughout my 

investigations, several participants articulated that they had difficulty reading or had dyslexia. This 

should be considered in future research and if QBA is to be adopted more widely across supply chains.  

In investigating the application of QBA as a training tool, there was some suggestion that use of QBA 

prompted producers to describe behaviour of broilers in a way that they would not have (Chapter 4). 

Anecdotally, throughout the workshops and individual sessions, I observed that some producers did 

not wish to anthropomorphise their chickens and, on occasion, actively avoided using terms that 

remotely did so. Anthropomorphism in some circumstances may not be helpful. Animals are uniquely 

different to humans in their behaviour and perception of the world and misuse can disregard scientific 

understanding. However, total evasion of anthropomorphism may also be unhelpful. In considering 

animal sentience and anthropomorphism, Proctor (2012) writes  “Science can never be entirely free 

from anthropomorphism, nor should it be. Complete abstinence from anthropomorphism would 

hinder scientific curiosity and exploration. It is the thinking about animals through our own 

experiences that gives rise to many of the research questions regarding their capabilities.” Allowing 

for some anthropomorphism may be helpful for producers to better relate to broilers as sentient 

beings. Additionally it may spark their curiosity about the lives of the animals in their care. The 

suggestion that exposure to QBA may permit them to do so warrants much further investigation.  

Finally, a component that was not explored as part of my investigations is the interpretation of the 

output of QBA by producers. While descriptive of the qualities of behavioural expression, the principal 

components generated are conceptual. The understanding of, and response to the QBA output by 

producers, or the wider supply chain, is yet to be investigated but will be required if this measure is to 

be practically implemented in a way that improves broiler welfare. 
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6.3.2 Qualitative Behavioural Assessment as a welfare assessment  

In addition to the limitations discussed throughout the previous section (6.3.1 Qualitative Behavioural 

Assessment by producer), QBA outputs (principal components) are not comparable outside of the PCA 

or GPA solution in which they are formed.  This makes it hard to compare results across research trials, 

or across groups of farms that are not assessed and analysed together, limiting its practical application. 

QBA provides an additional tool to assess the behavioural expression of broilers within an appropriate 

experimental or farm-group context. In agreement with Muri et al. (2019), it is not a standalone 

welfare assessment. Chapter 5 demonstrated that QBA detected the differences between the extreme 

treatments, and only for one principal component (PC). Other welfare outcomes such as Gait score 

showed more stepwise improvements in welfare in treatments 1 to 4. This suggests limited sensitivity 

of QBA to detect more nuanced differences across the same or similar production systems. QBA 

should be part of a suite of welfare measures to build a holistic understanding of the experience of 

the birds within a system. Application of Qualitative Behavioural Assessment for commercial broiler 

production 

The use of QBA within commercial broiler production could generate useful evidence to monitor or 

audit the welfare of commercial broilers. In early 2021 UK retailer, Waitrose, announced that their 

field team would trial QBA as an audit tool across farms supplying them (Farming UK, 2021). The 

results of these trials will further inform the value of QBA within commercial supply chains.  

6.3.3 Qualitative Behavioural Assessment conclusions and recommendations 

for future research  

- Good understanding of, and agreement between broiler producers was demonstrated using 

a mFCP QBA exercise. 

- The validity of QBA as an assessment methodology, undertaken by producers, requires 

further investigation in relation to other welfare outcomes. 

- The use or generation of terms that are relevant to the producer and the reliance on literacy 

capabilities should be taken into consideration in all future applications of QBA by 

producers. 

- QBA may not be sensitive to nuanced behavioural differences within the same production 

systems but can detect difference across systems.   

- QBA can provide useful additional information regarding the expressive qualities of 

commercial broilers but should be implemented within a suite of welfare outcomes.  
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- The adoption of QBA provides an opportunity to raise the importance of behavioural 

expression in demonstrating a ‘good life’. 

6.4 Positive behaviour counts  

6.4.1 Positive behaviour counts as a welfare assessment 

Below I discuss positive behaviour counts. These include the novel methodology for the positive 

behavioural observations and the counts of bales occupied, employed within Chapter 5.  

Bales occupied was an easy to apply assessment protocol that detected differences across the extreme 

(treatments 1, 2, 3 and 4) and intermediary (treatments 1 and 3) production systems. Enrichment use 

is a promising approach to positive behavioural assessment. 

The novel assessment methodology for the positive behavioural observations provided insightful 

information regarding the frequency and variety of positive behaviours performed. The selected 

positive behaviours were rare, particularly in patches that had not been disturbed previously by the 

assessor (undisturbed patches) and even in the slowest growing treatment where higher expression 

of these behaviours was anticipated. Similarly to QBA, positive behaviour observations did not detect 

differences between the slow growing systems, where differences in other welfare outcomes existed 

(for example, gait score and hock burn) .  

The use of measures for undisturbed patches may be informative as a measure of Rault et al.'s (2020) 

‘positive welfare balance’.  The behaviours observed within the disturbed patches may have been a 

rebound effect and thus reflective of ‘hedonic positive welfare’ activities.  The assessment of disturbed 

patches may be more useful for auditing purposes as birds were more likely to demonstrate these 

behaviours initiating conversations between producer and auditor. Assessments of both undisturbed 

and disturbed patches, as part of a suite of welfare metrics, may therefore be useful for the 

assessment and promotion of positive welfare. However, further refinement and investigation is 

required.  
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6.4.2 Application of positive behavioural counts for commercial broiler 

production 

Counts of bales occupied are simple to implement and could provide a practical positive behavioural 

outcome measure for broilers. However, the limited use of bales by fast-growing broilers reduces its 

use as a measure to track within systems using these breeds. The widespread use of a measures of 

bales occupied would, however, highlight the difference in behavioural restriction between systems 

using fast and slow growing breeds. While I adopted counts of bales occupied, measures of 

enrichment use, such as perch or platform use, could be explored more widely for implementation 

within commercial broiler production.  

The sampling methodology for the positive behavioural observations adopted within Chapter 5 was 

lengthy and not practical for regular use within a commercial environment. Future analysis could 

determine the lowest number of patches required for assessment to create a more practical 

methodology for undertaking positive behavioural counts.  It would also be insightful to explore the 

types of behaviours displayed in different locations of the house. Within the methodology adopted, I 

included both central transects as well as transects located by the windows. Understanding the 

distribution of different behaviours across the house would further inform the development of a more 

practical on-farm assessment of positive behaviours for commercial broiler production. The time of 

day that assessment should be implemented and the number of assessments required within a day 

should also be evaluated in order to determine an appropriate and repeatable measurement protocol. 

Furthermore, it would be fascinating to explore the application of such a measure by producers 

alongside the wider effects of applying this measure too. 

There is significant opportunity for the automation of a positive behaviour counts using vision based 

technology and machine learning techniques. An automated measure would provide an opportunity 

to gain an objective assessment of positive experiences for broilers within a completely undisturbed 

scenario or following disturbance. The continuous measurement of these behaviours may also allow 

for better understanding of positive behaviours. Such a system would generate data in line with the 

future direction of science and policy. Positive behaviour observations and bales occupied directly link 

to the actions of broilers and may provide a tangible and actionable measure of positive broiler 

welfare.  
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6.4.3 Positive behavioural counts conclusions and recommendations  

- Positive behavioural observations and counts of bales occupied provide promising positive 

behavioural outcome measures for commercial broilers 

- There is an opportunity to refine the methodology for manual positive behavioural 

observations for use within a research and commercial, context. 

- Following refinement, further validation of the refined positive behaviour observation 

methodology would be required. 

- Enrichment use is an easy to determine positive behavioural measure and results aligned to 

other welfare outcomes. 

- The automation of positive behavioural counts would provide a significant opportunity to 

better understand the experiences of commercial broilers.  

- The adoption of positive behavioural counts provides an opportunity to raise the importance 

of such experiences in providing a ‘good life’. 

6.5 Positive behavioural assessment for commercial broilers within a 

wider context – where next?  

There has been a push by industry across the livestock and food production sector to simplify complex 

systems through the generation of metrics that can be tracked and monitored. However, 

oversimplification risks undermining the complex needs and wants of these sentient beings. To that 

end, the search for “iceberg indicators” is potentially risky. Welfare is complex, multidimensional 

(Mason and Mendl, 1993), and value-based (Fraser, 2008). To better understand the experiences of 

livestock, a variety of indicators are required. Both positive behavioural counts and QBA provide useful 

information to contribute towards the overall understanding of commercial broiler welfare. Multiple 

metrics relating to health, behaviour, production system and stockmanship are required to develop a 

holistic understanding of commercial broiler welfare.  

The inclusion of additional metrics, such as positive behavioural indicators of course require additional 

time and resource allocation. The use of technology to monitor behaviour provides an exciting 

opportunity and is supported by the UK government. In February 2022, DEFRA released their priorities 

for the Animal health and Welfare Pathway (DEFRA, 2022c). For chicken, these include “adopt welfare-

improving technology to support environmental and behavioural monitoring and better 

stockmanship”. The use of technology to automate measurement or adapt management reduces the 

need for lengthy assessments and may simplify the role of the producer. There is a risk that producers 

may overly rely on technologies or that, in line with the oversimplification of welfare, the technologies 
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that are developed and implemented measure individual metrics only and do not provide a true 

picture of an animal’s welfare. Technologies should therefore be implemented with care and the 

interaction between the stockperson and any technologies scrutinised. It is DEFRA’s responsibility to 

support technologies that provide tools for producers to promote positive welfare.  

Should technologies be developed, careful consideration should be undertaken by developers when 

setting limits or baselines for what is deemed ‘acceptable’. Current chicken production systems 

evolved in a post-war era where the focus was on maximising food production. Over the last 100+ 

years the intensive selection of chicken has resulted in a bird that is far from the ancestral jungle fowl. 

There is a risk that what is to be considered ‘acceptable’ may be defined within the confines of the 

current system. Chapter 5 showed improvements in welfare from moving away from standard 

broilers; however, the two slower growing breeds were not devoid of problems with survivability, 

poor mobility, injuries and disease, nor behavioural restriction. Looking to ethological comparisons 

with ancestral jungle fowl will allow for better understanding of the differences we have created for 

modern broilers. With this understanding, it is then an ethical decision as to what is deemed or 

considered acceptable or indeed ‘positive enough’.  

The European Chicken Commitment (ECC) and Better Chicken Commitment (BCC) NGO campaigns 

have impactfully challenged the dominant global broiler production systems and the UK government 

has backed implementation of the BCC as the other welfare priority for chicken (DEFRA, 2022c). 

However, BCC is still an indoor system with limited behavioural opportunities. Within the UK there is 

increased interest in Regenerative agriculture. Regenerative agriculture seeks to mimic nature, using 

farming principles and practices that progressively improve the ecosystem. There is an opportunity to 

completely reconsider poultry production, recognising and promoting chickens’ role within a 

regenerating ecosystem. If one was to redesign poultry production in such a way, the behavioural 

priorities or needs of chickens would be complimentary and positive behavioural opportunities, 

intrinsic. When designing or trialling these systems, metrics including QBA, and positive behavioural 

counts are required to ensure such systems do indeed promote positive welfare. Furthermore these 

metrics should be considered in a wider holistic context of the social, economic and environmental 

impact of such a system.  

While the complete redesign of poultry production is unlikely to happen overnight there is still a role 

in promoting positive welfare, thus a need for positive behavioural assessments for current broiler 

systems. The impact of this thesis to date supports the increasing recognition that the welfare of 

broilers within the main UK production systems needs improving, and that the display of positive 

behaviours forms part of this. This research added to the growing evidence that use of slower growing 
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breeds results in significant improvements to broiler welfare and informed the decision for Marks and 

Spencer to sell only slower grown broilers across their supply of fresh chicken (Marks and Spencer, 

2021). I hope that the inclusion of the video within the Poultry Passport Training has, and continues 

to, encourage producers to actively identify and promote positive behaviours. 

 

 

6.6 Conclusions 

There is a need for the promotion of positive welfare within commercial broiler production in line with 

the evolving direction of animal welfare scientific and policy. Within this thesis I have explored the 

application of two positive behavioural measures, QBA and positive behavioural counts. I further 

explored the wider implications of applying QBA, by producers, and the possibility of using QBA as a 

training tool. I found producers to positively engage with, and effectively apply QBA, providing 

encouraging support for the use of QBA by producers. When applied within a commercial scale farm 

trial, QBA and positive behavioural observations detected the large difference between a retailer 

standard, using standard fast-growing broilers, and production systems that made use of slower 

growing birds. However, both methodologies did not detect differences between systems where the 

difference in welfare was less substantial. Neither measures should be a standalone measure but 

provide additional complementary information to better understand commercial broiler welfare. QBA 

is a useful methodology for describing the expressive qualities of broilers behaviour: how, broilers are 

behaving. Positive behaviour observations describe what they are doing. The possible automation of 

positive behaviours provides a significant opportunity for the detailed, continuous insight into broilers’ 

welfare. The uptake, monitoring and reporting of any positive behavioural measure within commercial 

broiler production could further inform our understanding of emotional state of commercial broilers. 

Specific measures of positive welfare also provide the opportunity to shift the focus and emphasis of 

producers, and the wider supply chain, away from provision of basic biological functioning towards a 

‘good life’.  
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Appendix 1 Table of records detailing category or categories of measures employed with the research  

Reference Trial type 

Only 
consider 
feeding 

behaviour 

Direct 
observational 

measures of (non-
feeding) behaviour 

Activity or 
movement 

Distribution 
or Location 

Acoustic 
monitoring 

Walking 
ability 

Fear and 
anxiety 

test 

Motivation 
to access, 

or 
preference 

for 
resources 
(including 

tests of 
sociality) 

Behaviour 
at catching, 
transport 

and 
slaughter QBA 

(Abdanan et al., 
2015) 

Experimental facility ✓          

(Abeyesinghe et 
al., 2021) 

Experimental facility  ✓ ✓   ✓     

(Abolghasempour 
et al., 2019) 

Experimental facility ✓          

(Adeli et al., 
2020) 

Experimental facility ✓          

(Adler et al., 
2020) 

Experimental facility       ✓    

(Agunbiade, 
2000) 

Experimental facility ✓          

(Al-Zubaidy, 
2021) 

Experimental facility       ✓    

(Anastasov and 
Wotton, 2012) 

Transport/Slaughter/ 
Stunning/culling trial 

        ✓  

(Anderson et al., 
2021) 

Experimental facility  ✓   ✓  ✓    

(Aradas et al., 
2005) 

Commercial farm 
trial 

 ✓         

(Archer, 2018) Experimental facility     ✓  ✓    



 

222 

(Archer and 
Mench, 2017) 

Experimental facility     ✓  ✓    

(Archer and 
Mench, 2014b) 

Experimental facility     ✓  ✓    

(Archer and 
Mench, 2014a) 

Experimental facility   ✓        

(Archer et al., 
2009) 

Experimental facility   ✓   ✓     

(Arnould et al., 
2004) 

Experimental facility  ✓ ✓ ✓  ✓     

(Ask et al., 2006) Experimental facility ✓          

(Aydin, 2017a) Experimental facility   ✓   ✓     

(Aydin, 2017b) Experimental facility      ✓     

(Aydin et al., 
2015a) 

Experimental facility ✓          

(Aydin and 
Berckmans, 

2016) 
Experimental facility ✓          

(Aydin et al., 
2010) 

Experimental facility   ✓   ✓     

(Aydin et al., 
2015b) 

Experimental facility      ✓     

(Aydin et al., 
2014) 

Experimental facility ✓          

(Bailie et al., 
2013) 

Commercial farm 
trial 

 ✓ ✓   ✓     

(Bailie et al., 
2018a) 

Commercial farm 
trial 

     ✓     

(Bailie et al., 
2018b) 

Commercial farm 
trial 

  ✓   ✓ ✓    

(Bailie and 
O’Connell, 2015) 

Commercial farm 
trial 

 ✓ ✓   ✓ ✓    

(Bailie and 
O’Connell, 2014) 

Commercial farm 
trial 

 ✓ ✓   ✓     
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(Bakare et al., 
2020) 

Experimental facility ✓          

(Baker et al., 
2019)c 

Transport/Slaughter/ 
Stunning/culling trial 

        ✓  

(Baker-Cook et 
al., 2021) 

Transport/Slaughter/ 
Stunning/culling trial 

        ✓  

(Balážová and 
Baranyiová, 

2010) 
Experimental facility  ✓ ✓  ✓  ✓    

(Baracho et al., 
2012) 

Experimental facility      ✓     

(Barbosa Filho et 
al., 2005) 

Free range trial    ✓       

(Bassler et al., 
2013) 

Commercial farm 
trial 

     ✓ ✓   ✓ 

(Baxter et al., 
2021) 

Commercial farm 
trial 

 ✓ ✓   ✓ ✓    

(Baxter et al., 
2019) 

Commercial farm 
trial 

 ✓ ✓    ✓    

(Bayram and 
Özkan, 2010) 

Experimental facility  ✓     ✓ ✓   

(Beckford and 
Bartlett, 2015) 

Experimental facility ✓          

(Bello et al., 
2018) 

Experimental facility ✓          

(BenSassi et al., 
2019a) 

Commercial farm 
trial 

   ✓  ✓     

(BenSassi et al., 
2019b) 

Commercial farm 
trial 

     ✓     

(Bizeray et al., 
2002a) 

Experimental facility  ✓ ✓        

(Bizeray et al., 
2002b) 

Experimental facility      ✓ ✓    

(Bizeray et al., 
2000) 

Experimental facility  ✓ ✓   ✓     



 

224 

(Blatchford et al., 
2012) 

Experimental facility   ✓   ✓     

(Bokkers et al., 
2011) 

Experimental facility  ✓         

(E. A.M. Bokkers 
and Koene, 2003) 

Experimental facility ✓          

(Bokkers and 
Koene, 2004) 

Experimental facility  ✓   ✓ ✓  ✓   

(Bokkers and 
Koene, 2002) 

Experimental facility  ✓   ✓ ✓  ✓   

(Bokkers et al., 
2007) 

Experimental facility      ✓  ✓   

(Bouvarel et al., 
2009) 

Experimental facility ✓          

(Bouvarel et al., 
2008) 

Experimental facility ✓          

(Branciari et al., 
2009) 

Free range trial  ✓ ✓        

(Buijs et al., 
2017) 

Commercial farm 
trial 

   ✓  ✓ ✓   ✓ 

(Buijs et al., 
2011b) 

Experimental facility  ✓  ✓       

(Buijs et al., 
2011a) 

Experimental facility    ✓  ✓     

(Butterworth et 
al., 2007) 

Commercial farm 
trial 

     ✓     

(Berg and 
Sanotra, 2003) 

Experimental facility      ✓     

(Calvet et al., 
2009) 

Experimental facility  ✓ ✓        

(Cao et al., 2021) Experimental facility ✓          

(Caplen et al., 
2013a) 

Experimental facility  ✓         

(Caplen et al., 
2013b) 

Experimental facility      ✓     
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(Caplen et al., 
2014) 

Experimental facility      ✓     

(Cassy et al., 
2004) 

Experimental facility ✓          

(Castellini et al., 
2016) 

Free range trial  ✓ ✓ ✓   ✓    

(Ceron-Romero 
et al., 2021) 

Experimental facility  ✓         

(Chagneau et al., 
2006) 

Experimental facility ✓          

(Cline et al., 
2008) 

Experimental facility  ✓         

(Cline et al., 
2010) 

Experimental facility  ✓         

(Coenen et al., 
2009) 

Transport/Slaughter/ 
Stunning/culling trial 

        ✓  

(Colles et al., 
2008) 

Free range trial  ✓  ✓  ✓     

(Colles et al., 
2016) 

Commercial farm 
trial 

  ✓        

(Collins, 2008) 
Commercial farm 

trial 
 ✓ ✓ ✓       

(Collins and 
Sumpter, 2007) 

Commercial farm 
trial 

✓          

(Corzo et al., 
2005) 

Experimental facility ✓          

(Da Costa et al., 
2017) 

Experimental facility ✓          

(Cox et al., 2010) Experimental facility ✓          

(Dal Bosco et al., 
2010) 

Free range trial  ✓ ✓ ✓       

(Dawkins et al., 
2017) 

Commercial farm 
trial 

  ✓        

(Dawkins et al., 
2013) 

Commercial farm 
trial 

 ✓ ✓   ✓     
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(Dawkins et al., 
2012) 

Commercial farm 
trial 

  ✓   ✓     

(Dawkins et al., 
2003) 

Free range trial    ✓       

(Dawkins et al., 
2009) 

Commercial farm 
trial 

 ✓ ✓   ✓     

(Dawkins et al., 
2021) 

Commercial farm 
trial 

  ✓        

(Ding et al., 2019) Experimental facility   ✓ ✓       

(Dixon, 2020) Experimental facility  ✓ ✓   ✓     

(Dodo et al., 
2005) 

Experimental facility ✓          

(Duggan et al., 
2016) 

Experimental facility      ✓     

(Duve et al., 
2011) 

Experimental facility ✓          

(Ebling et al., 
2015) 

Unknown ✓          

(Egbuniwe et al., 
2016) 

Experimental facility       ✓    

(El Iraqi et al., 
2013) 

Experimental facility  ✓         

(Estevez and 
Christman, 2006) 

Experimental facility   ✓ ✓       

(Djukic-Stojcic 
and Bessei, 2011) 

Experimental facility  ✓ ✓   ✓     

(Failla et al., 
2021) 

Experimental facility 
and Commercial 

farm 

  ✓        

(Farhadi and 
Hosseini, 2016) 

Experimental facility ✓          

(Fayed and Eraqi, 
2012) 

Experimental facility  ✓         

(Fayed et al., 
2012) 

Experimental facility  ✓         
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(Febrer et al., 
2006) 

Commercial farm 
trial 

 ✓  ✓  ✓     

(Federici et al., 
2016) 

Commercial farm 
trial 

   ✓  ✓ ✓   ✓ 

(Fernandez et al., 
2018) 

Commercial farm 
trial 

  ✓ ✓       

(Ferreira et al., 
2020) 

Free range trial    ✓   ✓ ✓   

(Fontana et al., 
2015) 

Experimental facility ✓          

(Fontana et al., 
2016) 

Commercial farm 
trial 

    ✓      

(Freeman et al., 
2020) 

Experimental facility      ✓     

(Garner et al., 
2002) 

Experimental facility      ✓     

(Gebhardt-
Henrich et al., 

2021) 

Commercial farm 
trial 

  ✓   ✓  ✓   

(Gerken et al., 
2006) 

Experimental facility           

(Ghand 
Foroushan et al., 

2017) 
Experimental facility ✓          

(Ghareeb et al., 
2008) 

Experimental facility       ✓    

(Ghuffar et al., 
2009) 

Experimental facility ✓          

(Gibson et al., 
2016) 

Transport/Slaughter/ 
Stunning/culling trial 

        ✓  

(Giersberg et al., 
2021) 

Experimental facility     ✓ ✓ ✓    

(Giersberg et al., 
2020a) 

Experimental facility     ✓  ✓    

(Giersberg et al., 
2020b) 

Experimental facility  ✓ ✓  ✓  ✓    
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(Giersberg et al., 
2016) 

Experimental facility  ✓         

(Glover et al., 
2016) 

Experimental facility ✓          

(Gonzalez-
Uarquin et al., 

2020) 
Experimental facility ✓          

(Göransson et al., 
2021) 

Free range trial    ✓ ✓  ✓    

(Granquist et al., 
2019) 

Commercial farm 
trial 

     ✓     

(Griffin et al., 
2005) 

Experimental facility ✓          

(Hajinezhad et 
al., 2018) 

Experimental facility ✓          

(Hall, 2001) 
Commercial farm 

trial 
 ✓    ✓     

(Halter et al., 
2021) 

Experimental facility  ✓         

(Heidarzadeh et 
al., 2018) 

Experimental facility ✓          

(Herborn et al., 
2020) 

Commercial farm 
trial 

  ✓ ✓ ✓      

(Van Hertem et 
al., 2018) 

Commercial farm 
trial 

  ✓ ✓  ✓     

(Van Hertem et 
al., 2017) 

Commercial farm 
trial 

  ✓ ✓       

(Herwig et al., 
2019) 

Experimental facility ✓          

(Hindle et al., 
2010) 

Transport/Slaughter/ 
Stunning/culling trial 

        ✓  

(Hothersall et al., 
2011) 

Experimental facility  ✓         

(House et al., 
2020) 

Experimental facility       ✓    
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(Howie et al., 
2011) 

Experimental facility ✓          

(Huth and 
Archer, 2015a) 

Experimental facility     ✓ ✓ ✓    

(Huth and 
Archer, 2015b) 

Experimental facility     ✓  ✓    

(Iannetti et al., 
2021b) 

Commercial farm 
trial 

   ✓  ✓ ✓   ✓ 

(Iyasere et al., 
2021b) 

Experimental facility  ✓     ✓    

(Iyasere et al., 
2018) 

Experimental facility  ✓     ✓    

(Iyasere et al., 
2021a) 

Experimental facility  ✓         

(Jaefari-Anari et 
al., 2018) 

Experimental facility ✓          

(Jalali et al., 
2019) 

Experimental facility ✓          

(James et al., 
2018) 

Experimental facility      ✓ ✓    

(Jones et al., 
2020) 

Experimental facility ✓          

(Jones et al., 
2020) 

Transport/Slaughter/ 
Stunning/culling trial 

    ✓    ✓  

(Jones et al., 
1998) 

Experimental facility  ✓ ✓ ✓ ✓  ✓ ✓   

(Jones et al., 
2007) 

Free range trial  ✓  ✓  ✓     

(de Jong et al., 
2016) 

Commercial farm 
trial 

         ✓ 

(de Jong et al., 
2021) 

Experimental facility  ✓ ✓   ✓     

(Jordan et al., 
2011) 

Experimental facility  ✓ ✓        

(Kashiha et al., 
2013) 

Commercial farm 
trial 

   ✓       
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(Katayama et al., 
2010) 

Experimental facility  ✓ ✓        

(Kaukonen et al., 
2017) 

Commercial farm 
trial 

     ✓     

(Kittelsen et al., 
2017) 

Commercial farm 
trial 

     ✓     

(Kristensen et al., 
2006) 

Experimental facility      ✓     

(Lambooij et al., 
2010) 

Transport/Slaughter/ 
Stunning/culling trial 

        ✓  

(Lee et al., 2018) Experimental facility ✓          

(Leone and 
Estévez, 2008) 

Experimental facility    ✓       

(Leterrier et al., 
2008) 

Experimental facility  ✓ ✓   ✓     

(Li et al., 2020) Experimental facility  ✓         

(Li et al., 2021) Experimental facility           

(Li et al., 2019) Experimental facility ✓          

(Li et al., 2021) Experimental facility ✓          

(Lichovnikova et 
al., 2017) 

Free range trial  ✓ ✓        

(De Lima et al., 
2019) 

Transport/Slaughter/ 
Stunning/culling trial 

        ✓  

(Lines et al., 
2011a) 

Transport/Slaughter/ 
Stunning/culling trial 

    ✓    ✓  

(Lines et al., 
2011b) 

Transport/Slaughter/ 
Stunning/culling trial 

        ✓  

(Liu et al., 2020) 
Commercial farm 

trial 
    ✓      

(MacCaluim et 
al., 2003) 

Transport/Slaughter/ 
Stunning/culling trial 

        ✓  

(Maia et al., 
2019) 

Experimental facility        ✓   

(Malchow et al., 
2019a) 

Experimental facility   ✓        
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(Malchow et al., 
2019c) 

Experimental facility   ✓   ✓     

(Malchow et al., 
2019b) 

Experimental facility      ✓     

(Cartoni 
Mancinelli et al., 

2020) 
Free range trial  ✓ ✓        

(Marin et al., 
1997) 

Experimental facility       ✓ ✓   

(Marin et al., 
2001) 

Experimental facility       ✓ ✓   

(Marin and Jones, 
1999) 

Experimental facility        ✓   

(Marin et al., 
1999) 

Commercial farm 
trial 

       ✓   

(Marin et al., 
2003) 

Experimental facility        ✓   

(Martin et al., 
2016) 

Transport/Slaughter/ 
Stunning/culling trial 

    ✓    ✓  

(Martin et al., 
2020) 

Transport/Slaughter/ 
Stunning/culling trial 

        ✓  

(Martin et al., 
2019) 

Transport/Slaughter/ 
Stunning/culling trial 

        ✓  

(McKeegan et al., 
2013) 

Transport/Slaughter/ 
Stunning/culling trial 

        ✓  

(McKeegan et al., 
2007) 

Transport/Slaughter/ 
Stunning/culling trial 

        ✓  

(McKinney and 
Teeter, 2004) 

Experimental facility  ✓         

(McLean et al., 
2002) 

Experimental facility  ✓ ✓   ✓     

(Méda et al., 
2015) 

Experimental facility ✓          

(Meyer et al., 
2019) 

Experimental facility ✓          
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(Meyer et al., 
2020a) 

Experimental facility  ✓ ✓   ✓ ✓    

(Meyer et al., 
2020b) 

Experimental facility  ✓    ✓ ✓    

(Mignon-
Grasteau et al., 

2017) 
Experimental facility  ✓ ✓    ✓    

(Mirnaghizadeh 
et al., 2017) 

Experimental facility ✓          

(Mohammed et 
al., 2018) 

Experimental facility  ✓         

(Mohammed et 
al., 2021) 

Experimental facility      ✓     

(Monckton et al., 
2020) 

Experimental facility        ✓   

(De Moura et al., 
2008) 

Experimental facility 
and Commercial 

farm 

   ✓ ✓      

(Muir and 
Groves, 2019) 

Experimental facility      ✓     

(Muri et al., 
2019) 

Commercial farm 
trial 

     ✓ ✓   ✓ 

(Nääs et al., 
2010) 

Experimental facility      ✓     

(Nääs et al., 
2009b) 

Experimental facility      ✓     

(Nääs et al., 
2008) 

Experimental facility      ✓     

(Nääs et al., 
2012) 

Experimental facility      ✓     

(Nääs et al., 
2009a) 

Experimental facility      ✓     

(Nääs et al., 
2018) 

Experimental facility      ✓     

(Nielsen, 2012) Experimental facility  ✓ ✓    ✓ ✓   

(Nielsen, 2003) Experimental facility   ✓        
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(Nielsen et al., 
2004) 

Experimental facility   ✓        

(Nielsen et al., 
2003) 

Free range trial  ✓ ✓ ✓  ✓     

(Norring et al., 
2016) 

Commercial farm 
trial 

 ✓ ✓        

(Norring et al., 
2019) 

Experimental facility  ✓ ✓   ✓     

(Offiong et al., 
2001) 

Experimental facility  ✓         

(Olukosi et al., 
2002) 

Experimental facility  ✓         

(Omeje et al., 
2001) 

Experimental facility  ✓         

(Özkan et al., 
2012) 

Experimental facility ✓          

(De Lima Almeida 
Paz et al., 2019) 

Experimental facility      ✓     

(Plitman et al., 
2021) 

Commercial farm 
trial 

      ✓   ✓ 

(Popoola et al., 
2020) 

Experimental facility ✓          

(Powell et al., 
2016) 

Experimental facility ✓          

(Prescott and 
Wathes, 1999) 

Experimental facility           

(Prinz et al., 
2012) 

Transport/Slaughter/ 
Stunning/culling trial 

        ✓  

(Quentin et al., 
2004) 

Experimental facility ✓          

(Ramadan, 
2017b) 

Experimental facility  ✓     ✓    

(Ramadan, 
2017a) 

Experimental facility  ✓     ✓    

(Rault et al., 
2017) 

Experimental facility   ✓   ✓     



 

234 

(Rayner et al., 
2020) 

Commercial farm 
trial 

 ✓    ✓ ✓   ✓ 

(Abdel Razek and 
Tony, 2013) 

Experimental facility  ✓         

(Roberts et al., 
2012) 

Commercial farm 
trial 

  ✓   ✓     

(Ruiz-Feria et al., 
2014) 

Experimental facility      ✓     

(Rutten et al., 
2002) 

Experimental facility  ✓ ✓   ✓     

(Saito et al., 
2005) 

Experimental facility   ✓  ✓  ✓    

(Sandilands et al., 
2011) 

Transport/Slaughter/ 
Stunning/culling trial 

        ✓  

(Sanotra et al., 
2001) 

Commercial farm 
trial 

     ✓     

(Sans et al., 
2021b) 

Commercial farm 
trial 

 ✓ ✓ ✓  ✓ ✓   ✓ 

(Sans et al., 
2021a) 

Commercial farm 
trial 

 ✓ ✓   ✓ ✓   ✓ 

(Sans et al., 
2021c) 

Commercial farm 
trial 

     ✓     

(Sans et al., 2014) Free range trial    ✓  ✓ ✓   ✓ 

(Satterlee et al., 
2000) 

Transport/Slaughter/ 
Stunning/culling trial 

        ✓  

(Savory and 
Kostal, 1997) 

Experimental facility   ✓        

(Schwean-
Lardner et al., 

2012) 
Experimental facility  ✓ ✓  ✓  ✓    

(Schwean-
Lardner et al., 

2016) 
Experimental facility  ✓ ✓   ✓     

(Seber et al., 
2021) 

Experimental facility ✓          
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(Senaratna et al., 
2008) 

Experimental facility  ✓    ✓     

(Sharideh and 
Zaghari, 2017) 

Experimental facility ✓          

(Sherlock et al., 
2010) 

Experimental facility   ✓   ✓     

(Shields et al., 
2004) 

Experimental facility  ✓         

(Shipp et al., 
2015) 

Experimental facility  ✓         

(Shiraishi et al., 
2011) 

Experimental facility ✓          

(Silvera et al., 
2016) 

Experimental facility      ✓ ✓    

(Simitzis et al., 
2012) 

Experimental facility   ✓        

(Sjafani et al., 
2022) 

Experimental facility ✓          

(Skinner-Noble et 
al., 2003) 

Experimental facility  ✓ ✓   ✓ ✓    

(Skinner-Noble et 
al., 2005) 

Experimental facility  ✓ ✓        

(Skinner-Noble 
and Teeter, 2009) 

Experimental facility  ✓ ✓   ✓ ✓    

(Skomorucha et 
al., 2009) 

Experimental facility       ✓    

(van der Sluis et 
al., 2020) 

Experimental facility   ✓        

(van der Sluis et 
al., 2021) 

Commercial farm 
trial 

     ✓     

(Smith et al., 
2008) 

Experimental facility  ✓         

(Spindler et al., 
2016) 

Experimental facility  ✓         

(Sprenger et al., 
2009) 

Experimental facility           
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(Stadig et al., 
2018) 

Experimental facility  ✓ ✓   ✓     

(Stadig et al., 
2017a) 

Free range trial  ✓  ✓   ✓    

(Stadig et al., 
2017b) 

Free range trial  ✓  ✓  ✓ ✓    

(Swennen et al., 
2007) 

Experimental facility ✓          

(Sztandarski et 
al., 2021) 

Free range trial  ✓  ✓       

(Tahamtani et al., 
2020) 

Experimental facility      ✓     

(Tahamtani et al., 
2021) 

Experimental facility      ✓     

(Tahamtani et al., 
2018) 

Commercial farm 
trial 

     ✓     

(Taylor et al., 
2021) 

Experimental facility ✓          

(Taylor et al., 
2018) 

Free range trial    ✓  ✓     

(Thomas et al., 
2011) 

Experimental facility  ✓         

(Tinker et al., 
2005) 

Transport/Slaughter/ 
Stunning/culling trial 

        ✓  

(Tolkamp et al., 
2012) 

Experimental facility ✓          

(Tong et al., 
2015) 

Free range trial ✓          

(Torkzaban et al., 
2018) 

Experimental facility ✓          

(Trigueros V et 
al., 2015) 

Experimental facility ✓          

(Trocino et al., 
2020) 

Experimental facility  ✓ ✓        

(Tullo et al., 
2017) 

Commercial farm 
trial 

     ✓     
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(Tuerkyilmaz, 
2008) 

Experimental facility ✓          

(Urtecho-Novelo 
et al., 2021a) 

Experimental facility  ✓         

(Vasdal et al., 
2018) 

Commercial farm 
trial 

     ✓ ✓    

(Ventura et al., 
2012) 

Experimental facility  ✓ ✓ ✓       

(Villagrá et al., 
2009) 

Experimental facility       ✓    

(Villagrá et al., 
2011) 

Experimental facility      ✓ ✓    

(Visscher et al., 
2018) 

Experimental facility ✓          

(Wang et al., 
2013) 

Experimental facility  ✓    ✓ ✓    

(Webster et al., 
2008) 

Experimental facility 
and Commercial 

farm 
     ✓     

(Weeks et al., 
2002) 

Commercial farm 
trial 

     ✓     

(Weimer et al., 
2020) 

Experimental facility      ✓     

(Weimer et al., 
2021) 

Experimental facility      ✓     

(Wilhelmsson et 
al., 2019) 

Experimental facility    ✓  ✓ ✓    

(Woodcock et al., 
2004) 

Experimental facility    ✓       

(Yacoubi et al., 
2018) 

Experimental facility ✓          

(Yang et al., 
2015) 

Experimental facility ✓          

(Yang et al., 
2020) 

Commercial farm 
trial 

  ✓        

(Yeter, 2021) Experimental facility ✓          
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(Yildirim and 
Taskin, 2017) 

Experimental facility      ✓ ✓    

(Yo et al., 1998) Experimental facility ✓          

(Yo et al., 1997) Experimental facility ✓          

(Yousefi et al., 
2021) 

Experimental facility ✓          

(Zendehdel et al., 
2015) 

Experimental facility ✓          

(Zendehdel et al., 
2020) 

Experimental facility ✓          

(Zendehdel et al., 
2013) 

Experimental facility ✓          

(Zhao et al., 
2014) 

Free range trial  ✓    ✓ ✓    

(Zhou et al., 
2005) 

Experimental facility ✓          

(Zhou et al., 
2020) 

Experimental facility ✓          

(Zulkifli, 2008) Experimental facility       ✓    

(Zulkifli and Siti 
Nor Azah, 2004) 

Experimental facility       ✓    

(Zulkiflil et al., 
2010) 

Transport/Slaughter/ 
Stunning/culling trial 

  ✓      ✓  

(Zulkifli et al., 
2002) 

Experimental facility       ✓    

(Zulkifli et al., 
1999) 

Experimental facility       ✓    

(Zulkifli et al., 
1998) 

Experimental facility       ✓    
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Appendix 2 Broiler Behaviour Observation video - Video Script 

VIDEO AUDIO (Highlighted words emphasised with text 

  

GFX: TITLE: 

BROILER BEHAVIOUR 

 

MUSIC 

  

1. 

STOCK PERSON WALKS 

THROUGH FLOCK IN 

BROILER HOUSE  

 

 

 

MONTAGE OF CHICKENS 

interior/exterior  

 

 

STOCK PERSON IN HOUSE 

MVO:  

Experienced stock people pick up on changes in their chickens in 

a number of ways, using sound, smell and observations of how 

birds are behaving.  What is often called activity can be more 

broadly be called the ‘behaviour’ of the flock.  

 

‘Behaviour’ describes the actions of birds, such as sparring or 

dustbathing. The behaviour of broilers tells us a lot about their 

wellbeing, which can impact on the performance of the flock.  

 

Taking time to observe what chickens are doing is an important 

tool for managing broiler welfare and performance.  

                                               (0.30) 

  

2.  

GRAPHICS (?) 

 

CHICKEN HISTORY 

 

 

MODERN BROILERS 

 

 

 

 

BROILERS FEEDING 

BROILER PECKING AT 

LITTER 

Chickens have been farmed for over eight thousand years, but 

despite many years of domestication, the types of behaviours 

shown by todays broilers has not changed from their wild 

ancestors.  

Both ancestral and modern broilers display a wide range of 

behaviours. Taken out of the wild environment, modern broilers 

still want to perform these behaviours even though the need to 

perform these behaviours may no longer be there.  

 

For example, although we provide feed to broilers ad lib, broilers 

are still driven to search for food. This is why they will peck and 

scratch at the litter. 

(0.33) 

  

3.  

WIDE SHOT CHICKEN 

HOUSE 

 

Performing certain behaviours can be rewarding for broilers for 

two reasons. 
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SCRATCHING AT LITTER 

 

 

DUSTBATHING 

Firstly, they can directly receive something they value from 

performing the behaviour – such as uncovering a loose bit of food 

after scratching at the litter.  

 

Secondly, they are able to satisfy an instinct to perform that 

behaviour. Much like if you have an itch, there is nothing better 

than scratching it – this can be the same for broilers wanting to 

dustbathe. 

(0.25) 

  

4. 

GV – CHICKEN HOUSE 

 

BALES 

 

 

RUN,JUMP, WINGFLAP 

 

SCRATCH 

 

 

 

 

LITTER 

Other than dustbathing, other positive behaviours to encourage in 

your flocks are:  

 

Interacting with enrichment items such as bales or  pecking 

objects   

 

Running, jumping and wing flapping. 

 

Scratching at the litter  

 

Birds being able to Scratch up and dustbathe also indicates good 

litter quality.  

 

Litter is one of the best enrichments for your chickens. Good litter 

is great for positive bird behaviours but also reduces levels of hock 

burn and foot pad dermatitis, improving both bird performance and 

quality. 

(0.26) 

  

5.  

STOCKPERSON AT WORK 

 

 

GVS’ BIRDS WITH 

STOCKPERSON IN 

BACKGROUND 

An experienced stockperson will use observation of positive 

behaviours to determine whether housing conditions are good and 

to understand whether a flock is well or suffering from an infection 

or disease.  

 

Although there will be differences in how often these behaviours 

are performed by different breeds and ages of birds, it is important 

to understand what behaviours are good and normal for that age 

and system. This comes from practice and experience. 

(0.25) 

  

6. 

STOCKPERSON IN HOUSE 

Observing a change in behaviour can be a first indication that 

something is wrong, therefore knowing what is “normal” for a flock 
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is really important. To get a feel of what is normal or good for a 

flock, try watching one house a day, for at least 5 minutes. 

(0.17) 

  

7.  

EXTERIOR: 

STOCKPERSON WALKS TO 

HOUSE 

 

STOPS + “SNIFFS” 

 

 

LISTENS AT DOOR 

 

 

(WE HEAR SOUND) 

 

 

KNOCKING(?) AND ENTERS. 

WE SEE FROM INSIDE 

HOUSE STOCKPERSON 

ENTERING, FLOCK MOVES 

AWAY 

 

STOCKMAN SITS ON BALE 

AND OBSERVES 

 

FLOCK FEEDING/DRINKING 

RESTING IN GROUPS 

You need to take time out of your day to go into the house to 

specifically watch your birds. As you approach the house…  

 

it should smell faintly of chicken. There should not be any overly 

strong smells.  

 

Before you enter the house, listen to the bird’s vocalisations. 

 

Listen to the sounds that the birds are making, you are listening 

for gentle chatter from the birds, extreme or no sounds may 

indicate a problem 

 

After knocking, enter the house. A normal flock will move away 

from you calmly. Choose a bale to sit on and watch your birds. 

 

Look out for the positive behaviours previously mentioned, 

namely… 

 

Interacting with enrichment items, running, jumping wing flapping, 

scratching at the litter and dustbathing.  

 

In addition to these behaviours a normal flock will be using feeders 

and drinkers evenly. When birds are resting, they will rest in small 

groups of birds evenly distributed throughout the house.  

(0.52) 

  

8.  

OBSERVING 

 

SEE CLOCK OR WATCH 

Throughout the day, a flock will form a routine pattern of feeding, 

drinking and resting. Try observing birds at different times of the 

day, such as when the lights first come on.  This will help you to 

understand what is normal.  

(0.15) 

  

9. 

MONTAGE FROM HOUSE 

 

 

 

 

If you observe anything different to what we have just described, 

it could indicate that there is a problem with the housing, 

management or health of the flock. This could be due problems 

with your ventilation, feeder or drinker lines, lighting, a disease 

challenge or house temperature. These should all be double-

checked if your birds are telling you something is wrong.  
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 (0.31) 

  

10. 

MONTAGE FROM FILM 

 

FLOCK INTERIOR WITH 

STOCKMAN 

 

INT. ENVIRONMENT 

 

STOCKMAN LEAVING HOUSE 

Watch your birds to become familiar with flock behaviour, so you 

can spot when something is not quite right. 

 

 

Provide an environment that promotes positive behaviours, as this 

will really improve the wellbeing of your flock. Ensuring good litter 

quality is maintained throughout the crop will encourage many of 

these behaviours. 

 (0.13) 

 

  

 (Approximate Total Running Time 4.14) 

 

 

 

 

 


