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Development and integration of animal-based welfare indicators, 
including pain, in goat farms in Portugal  
 

ABSTRACT 

The development of species-specific protocols for on-farm welfare assessment represents a 

major concern for the European Union agricultural policy. Proper welfare assessment 

demands for the use of valid, reliable and feasible animal-based welfare indicators. The 

literature and policy-makers recognise the need for advancing knowledge in this area. This 

thesis aims at developing and integrating animal-based indicators in on-farm welfare 

assessment protocols, focusing on dairy goat farms.  

Specifically, this thesis contributes to literature in three areas. First, it contributes to the 

identification of animal-based welfare indicators that should be included in welfare 

assessment protocols. We conducted a literature review that allowed for the recognition of 

the need for future research in the indicators’ psychometric properties, such as reliability and 

feasibility. Secondly, this thesis develops tools to assist the measurement of body condition 

and lameness. For body condition, we developed a visual body condition scoring system 

(BSC). Our approach requires minimum animal handling without compromising a valid and 

reliable individual assessment of the goats. With respect to lameness we developed a web-

survey that allowed us to collect observer’s ratings of goats lameness condition. Our survey 

showed that observers were only able to consistently assess severely lame goats, a finding 

which is important towards the integration of the indicator in assessment protocols. The 

observers’ ratings also showed that the numerical rating scales should only be used 

considering their ordinal level of measurement. This directs research towards the 

development of scoring systems with higher levels of measurement, like the modified visual 

analogue scales. Third, this thesis contributed to the development of a welfare assessment 

protocol that integrated and tested the two studied indicators (BCS and lameness). Such 

protocol was implemented in 30 Portuguese farms and provided insights into the main 

welfare problems affecting intensively kept dairy goats in our country (claw overgrowth, 

queuing at feeding, very fat animals), which is paramount to improve dairy goats’ welfare. 

Research conducted for this thesis has practical implications for both welfare assessment 

research and to the goat industry in general. Ultimately, through the development of 

adequate assessment tools, it integrates the welfare issue into the food chain, meeting the 

consumers’ expectations in the development of a sustainable food production system. 

 

KEYWORDS: on-farm welfare assessment; dairy goat; body condition score; lameness; 

web-survey  
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Desenvolvimento e integração de indicadores de bem-estar animal, 
incluindo dor, em explorações de cabras em Portugal  
 

RESUMO 

A elaboração de protocolos de avaliação de bem-estar específicos para cada espécie pecuária é 

uma preocupação da política agrícola europeia. A literatura da área de bem-estar animal 

identifica a criação de instrumentos de medição como o primeiro passo para a elaboração 

destes protocolos. Esta tese tem como objetivo desenvolver e integrar indicadores para incluir 

em protocolos de avaliação para utilizar em explorações de cabras de aptidão leiteira.  

Esta tese apresenta três contributos para a literatura de bem-estar animal. Em primeiro lugar, 

contribui para a identificação de indicadores, baseados nos animais, com potencial para 

integração em protocolos de avaliação. A revisão bibliográfica realizada permitiu reconhecer a 

necessidade premente de investigação nesta área, dado que a maior parte dos indicadores 

necessitam de ser testados e validados. Em segundo lugar, esta tese desenvolve ferramentas 

para apoiar a avaliação da condição corporal e da claudicação. Para a condição corporal foi 

criado um sistema visual de avaliação considerado válido e repetível, e que apenas necessita de 

uma breve contenção dos animais para ser utilizado. Relativamente à claudicação foram 

recolhidas participações de observadores relativamente à observação de vídeos de cabras com 

diferentes níveis de claudicação. A análise destas observações permitiu concluir que os 

participantes apenas são consistentes a avaliar os casos mais graves de claudicação, facto 

importante para a integração do indicador em protocolos de avaliação. As classificações dos 

observadores mostraram ainda que as escalas numéricas em uso apenas podem ser utilizadas 

considerando um nível ordinal de medição. Este facto abre o caminho para o desenvolvimento 

de escalas com níveis mais elevados de medição, como as escalas visuais analógicas 

modificadas. Em terceiro lugar, esta tese desenvolve um protocolo de avaliação que inclui e 

testa os indicadores condição corporal e claudicação. Este protocolo permitiu investigar sobre 

os maiores problemas de bem-estar que afetam as explorações intensivas de leite de cabra em 

Portugal (sobre crescimento das unhas, filas na manjedoura, animais gordos), sendo esta 

informação fundamental para analisar como melhorar o bem-estar das cabras de leite. 

A investigação conduzida no âmbito desta tese apresenta implicações práticas tanto para o 

estudo do bem-estar animal, como para a exploração de leite de cabra. O desenvolvimento de 

ferramentas adequadas de avaliação permite a integração da valoração do bem-estar na cadeia 

de produção, indo ao encontro das expectativas dos consumidores para a concepção de 

sistemas mais sustentáveis de produção de alimentos. 

 

PALAVRAS-CHAVE: avaliação de bem-estar animal nas explorações; cabra de leite; 

condição corporal; claudicação; web-survey  
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“I often say that when you can measure what you are speaking about, 

and express it in numbers, you know something about it; but when 

you cannot measure it, when you cannot express it in numbers, your 

knowledge is of a meagre and unsatisfactory kind; it may be the 

beginning of knowledge, but you have scarcely in your thoughts 

advanced to the state of Science, whatever the matter may be.” 

 

Lord Kelvin, 1883  
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General introduction 

 

The general introduction starts with the context and drivers for this 

research thesis, followed by the objectives and thesis structure. To 

comprehensively understand the focus of the work conducted in this 

research, the first part is organized into four more chapters that present a 

brief literature review. Along chapters two to four, the underlying 

theoretical and methodological concepts of this research work are 

presented.  The general introduction finishes with chapter five that presents 

some data on the species under assessment- dairy goats. 
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Objectives, and thesis structure 

 

 
Chapter 1 presents the Animal Welfare Indicators project, along with the drivers for this research 

thesis.  It finishes with the overall and main objectives, followed by the thesis structure. 

 

 

 

The present PhD thesis aims at developing and integrating animal-based welfare indicators, 

in dairy goat farms, and was conducted within the scope of a collaborative, large-scale 

European project with the reference: "Development, integration and dissemination of 

animal-based welfare indicators, including pain, in commercially important husbandry 

species, with special emphasis on small ruminants, equidae and turkeys (KBBE.2010.1.3-03: 

7th Framework Programme (# 266213)" that started in 2011. We thus start by describing this 

project and will then frame the objectives of this research thesis. 

The Animal Welfare Indicators (AWIN) project engaged 10 Institutions in nine countries and 

approached animal welfare indicators in four separate, but complementary, Work Packages 

(WP). Work Package 1 aimed at developing and integrating animal welfare indicators, 

including pain indicators, in order to set welfare assessment protocols for horses, donkeys, 

turkeys, sheep and goats. Work Package 2 studied the relationship between diseases, 

including pain, and animal welfare, WP3 examined the influence of prenatal and early- 

-postnatal environments and handling methods on welfare and health of pregnant females 

and their offspring. Finally, WP4 was one of the distinctive aspects of the project as it focused 

on animal welfare education and dissemination of science to farmers, animal owners, 

stakeholders and other interested parties. The objective was to construct global networks of 

excellence, being the ultimate example, the creation of the Animal Welfare Science Hub 

(www.animalwefarehub.com) that incorporates research and learning materials, derived 

from deliverables of the diverse WPs.  

The research conducted in this thesis was part of WP1 (Welfare, including pain, assessment) 

and addressed, in cooperation with another research team from the University of Milan,  

the development of an on-farm welfare assessment protocol for dairy goats. In order to meet 

WP1 objectives regarding the dairy goats, the two Universities designed an action plan that 

will be briefly described.  
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The starting point was to identify promising animal-based indicators that could be included 

in a welfare assessment protocol for goats1, based on a comprehensive review of the existing 

scientific literature (whereby it was also reviewed available data on their psychometric 

proprieties2). The criteria for inclusion of these indicators was discussed in meetings with 

experts3. After drafting an initial list of relevant indicators, consensus had to be reached 

among experts about categories of animals to be assessed. This was extremely important as 

the welfare of animals in different types of production is highly dependent on the particular 

details and management of the system. 

Taking into account that intensive livestock production is continuously growing across different 

farmed species, and it is expected to continue to do so (Cronin, Rault & Glatz, 2014), focus was 

given to this production system4. Additionally, the development of goat husbandry is fairly more 

intense under the extreme settings of very intensive and very extensive systems (Boyazoglu et al., 

2005; Morand-Fehr et al., 2004). Moreover, this is the system where concerns from consumers 

more frequently arise, so we would be tackling and anticipating future demand. 

A research action plan to tackle the lack of knowledge concerning the validity, repeatability 

and feasibility of the indicators was thus drafted within the scope of WP1. In this context, 

research conducted in the Animal Behaviour and Welfare Lab., Centre for Interdisciplinary 

Research in Animal Health, of the Faculdade de Medicina Veterinária, focused on the 

development of indicators that were classified according to the “welfare principles” of “good 

feeding”, “good housing”, and “good health”, whereas research conducted in the University 

of Milan focused mainly on behavioural indicators. 

The newly developed indicators and the already established ones were integrated into 

a welfare assessment prototype protocol that was tested for its overall feasibility in 60 goat 

farms located in Portugal and Italy. Regarding the welfare assessment protocols, the WP1 

strategy across species was to propose a stepwise strategy for on-farm welfare assessment, 

with the protocol suggesting, as a first level, a quick screening comprising a selection 

of robust and feasible indicators that could be readily recorded. This assessment could then 

advance into a longer and more in-depth evaluation. 

During the course of the project, all WP1 researchers encouraged a participatory approach through 

the involvement and the collaboration with stakeholders, in order to assure the effectiveness  

and sustainability of the final assessment protocols. This direct contact between researchers and 

stakeholders, as pointed by Morand-Fehr et al. (2004), is a main requisite to applied research.  

Within the scope of the AWIN project, the research objectives set for this thesis will now 

be clarified. 

                                                             
1  The reasons why the AWIN project focused on animal-based indicators in detriment of environmental-based ones are 
discussed on chapter three.  

2 In chapter four extensive attention is given to these basic, but fundamental, concepts.  

3 The result of this work is presented in chapter six. 

4 Additional data to understand the growing interest in this species is presented in chapter five.  
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1.1 THESIS OVERALL AND MAIN OBJECTIVES  
The overall objective of this research thesis is to develop and integrate animal-based welfare 

indicators, including pain, in dairy goat farms. 

In order to accomplish this overall objective, three main objectives were set: 

1. The identification – by means of an extensive and comprehensive literature review – 

of the animal-based welfare indicators that had inherent value to be included in welfare 

assessment protocols, but needed further scientific support; 

2. The development of animal-based indicators based on the assessment of their 

psychometric proprieties and the level of measurement needed – the research conducted 

in this thesis focused particularly on the indicators body condition scoring (BCS) and 

lameness. This was due mainly to three reasons: 

a) the importance associated with these two indicators (Lievaart & Noordhuizen, 2011). 

Body condition scoring is considered a valid welfare indicator across different species 

not only for the “good feeding”, but also for the “good health” principle. Nevertheless, 

for goats traditional methods lack the feasibility needed to be included in welfare 

assessment protocols, as it needs further reliability studies. Lameness, as an 

important indicator of pain, is frequently addressed in welfare assessment protocols 

regarding the “good health” principle. However, no scoring systems for goats’ 

lameness, including its psychometric proprieties, have been established; 

b) collaborative studies could be developed in Portugal by having WP2 conducting 

studies that requested the use of these two indicators. For instance, the lameness 

work was in part validated by WP2 comprehensive studies on claw overgrowth 

and deformation, and the work conducted for the development of the visual BCS 

system demonstrated to be valuable for WP2 studies on pregnancy toxaemia; 

c) the fact that the hosting institution is a Veterinary School with all the available 

expertise for the indicator’s validation. And this PhD thesis had the supervision of 

a researcher of the Centre for Management Studies of Instituto Superior Técnico 

that supervised the formal aspects of scoring system development, which 

represented scientific advances in this field of knowledge. 

3. The integration and testing of the animal-based indicators in welfare assessment 

protocols and their use to point on-farm prevalence and tendencies, as a basis for setting 

thresholds of acceptability. The 30 farms visited in Portugal were entirely commercial 

farms, which showed great advantages concerning the validation of indicators and the 

feasibility of the protocol5. 

                                                             
5 The results of the farm visits are presented on chapter ten. 
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1.2 THESIS STRUCTURE AND SPECIFIC OBJECTIVES 
Figure 1 depicts the thesis structure, showing the workflow followed during the research 

process. The following paragraphs assist in reading Figure 1, introducing briefly each chapter 

of this research thesis and highlighting each chapter specific objective and contribution to the 

above mentioned objectives. 

 

Figure 1. Thesis structure 
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Part I is dedicated to the General introduction and is organized in five chapters. More than 

introducing the different subjects of research, these chapters provide a brief literature review 

on the concepts needed to comprehensively understand the research undergone in this 

thesis. The main and specific objectives of each chapter are as follows:  

 

Chapter 1 presents the research context, the objectives, and thesis structure.  

 

Chapter 2 takes the reader through the emergence of animal welfare as a scientific 

discipline, highlighting the importance society had in its establishment. Moreover,  

it introduces and debates the state of the art for the animal welfare concept.  

 

Chapter 3 introduces the two main categories of indicators used to measure animal welfare 

on farms. It focuses mainly on animal-based indicators and the challenges posed. This review 

is paramount to explain the options made in the two first main objectives of this thesis.  

 

Chapter 4 elucidates the reader on how animal welfare scientists generally go from 

indicators to protocols, aiming for an overall assessment of welfare. Furthermore,  

it introduces and discusses the basic concepts for the indicators development that were 

behind all the fieldwork conducted during this research, and presents current forms of 

animal welfare control. 

 

Chapter 5 presents some facts and figures regarding dairy goat farming. 

 

Part II presents the research conducted to fulfil the objectives above mentioned and is 

divided into five chapters. All the five chapters have been published, are “in press” or have 

been submitted to peer-reviewed journals.  

 

Chapter 6 presents the result of the first main objective of this thesis. This study was 

developed in cooperation with the University of Milan. As already mentioned the specific 

objective was to review promising animal-based indicators that could be used to set up  

a valid, reliable, feasible, and practical on-farm welfare assessment protocol for dairy goats, 

centred on the evaluation of lactating animals. Most of the reviewed literature dealt with 

dairy goats; however, although lactating dairy goats are our main target, papers considering 

other productive categories (e.g., kids, dry goats) or goats farmed for different purposes,  

or even other species, were taken into account whenever they provided evidence to support 

the use of indicators that could be included in an on-farm welfare assessment protocol for 

lactating dairy goats. We excluded indicators that focused exclusively on resources and 
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management, as well as animal-based indicators that require further laboratory analysis,  

or routinely collected herd data.  

 

Chapters 7, 8 and 9 cover the second main objective of this research, the development of 

BCS and lameness as animal-based indicators. 

 

Chapter 7 describes the development of a new scoring system to assess body condition in 

goats. In this chapter we address the feasibility challenges of including this indicator on on- 

-farm welfare assessment protocols, and present an innovative approach to the development 

of a visual BCS system for adult dairy goats. Moreover, we present a training program using 

the new scoring system based on the concept of threshold images, and assess the inter- 

-observer reliability of the scoring system under field conditions. 

 

Chapters 8 and 9 are related with the development and integration of the lameness 

indicator. In chapter eight we present and discuss the use of web-surveys as an alternative 

method for data collection in animal lameness scoring. In chapter nine we start by discussing 

distinct drawbacks that have been associated with different types of scoring systems 

traditionally used to assess lameness in goats, and then move to assess the grounds for 

developing a modified VAS to assess lameness in goats. The strategy followed allowed us to 

identify the level of measurement that could be set to assess lameness considering the 

constraints dairy goat farms present.  

 

Chapter 10 covers the third main objective of this research, and presents the results of the 

prevalence of the indicators in the on-farm welfare assessment protocol prototype developed 

within the AWIN project, considering 30 dairy goat farms visited in Portugal.  

It was important not only to assess the integration of the indicators developed in the previous 

objective, but also to gain knowledge on their overall importance in Portuguese farms. 

 

Part III is dedicated to the general discussion and future research perspectives. 

 

Chapter 11 focuses on the main theoretical and methodological implications findings of this 

research, integrating the knowledge developed throughout all the previous chapters and 

highlighting the practical implications of this research. Moreover, it discusses some of the 

limitations of this research work. 

 

Chapter 12 debates some future research perspectives.  
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Animal welfare – Concept definition  

 

 
Chapter 2 discusses the emergence of animal welfare as a scientific discipline, and debates the state 

of the art animal welfare concept. This introductory chapter is important to recognize animal 

welfare as a multidimensional concept.  

 

 

 

 

Intensive farming has its origin after the II World War (Cronin et al., 2014). In 1945 Europe 

was in deep food deprivation as its production systems had been destroyed, and its 

population moved from the fields to the cities where it was not possible to practice 

a self-sustainable agriculture. These situations led to a scarcity of food from animal origin, 

which made the price of food very high for the general population. Hence, strategies had to 

be put in place that would allow producing a large amount of food, at reasonable prices, and 

without depending too much on human labour.  

Farms became larger and more specialized, and there was an enormous increase in total 

number of production animals and of stock density (Blokhuis, Miele, Veissier & Jones, 2013). 

Consequently, there were profound changes in facilities and introduction of mechanization 

and automation, which changed profoundly the management of the animals (Cronin et al., 

2014; Keeling, 2005). This trend continued to our days as governments promoted a series 

of changes in farm structural and enterprise characteristics, encouraging constant rises in the 

number of animals per farm (Cronin et al., 2014; Winter, Fry & Carruthers, 1998). 

In parallel, scientific research, enhanced by governments and supported by industries from 

the pharmaceutical and nutrition fields, developed knowledge towards the maximization 

of production, essentially by improving animal health, nutrition and genetics.  

For cultural, behavioural, and commercial reasons there was a gap of communication 

between those that produced food and those who ate it, making consumers too distant from 

all these changes (Blokhuis et al., 2013). In the sixties, two books started to close this gap: 

Silent Spring by Rachel Carson (1962) and Animal Machines: The New Farming Industry by 

Ruth Harrison (1964) (with preface written by Rachel Carson). The two books had 

a tremendous impact in society promoting its own conscience and perhaps more importantly 

the awareness of the scientific community. By a very vivid and clear description of what was 
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production intensification and its consequences, both authors brought these questions to the 

societal debate. It was the beginning of the consumer-citizen concept.  

Particularly the book Animal Machines: The New Farming Industry began an animal 

welfare debate that culminated in 1965 when Professor Roger Brambell chaired a technical 

committee assigned by the British Government to examine these issues (Keeling, 2005). 

The “Report of the Technical Committee to Enquire into the Welfare of Animals Kept under 

Intensive Livestock Husbandry Systems”, also known as “The Brambell Report”, (Brambell 

Committee, 1965) established the “Brambell’s Five Freedoms”, stating that animals should 

have the freedom “to stand up, lie down, turn around, groom themselves and stretch their 

limbs”. The Committee not only recommended that new general and specific legislation was 

needed to protect the welfare of farm animals, but also that a statutory advisory committee 

on farm animal welfare should be created. As a result, the Farm Animal Welfare Advisory 

Committee (FAWAC) was created in 1967, to monitor the livestock production sector, 

and statutory provisions for the welfare of livestock were considered in the Agriculture 

(Miscellaneous Provisions) Act 1968. Later, in 1979, the Farm Animal Welfare Council 

(FAWC) replaces the FAWAC and codifies the “Brambell’s Five Freedoms” into the “Five 

Freedoms” concept6, the basis for all future animal welfare assessment. 

Thus, to fully understand the current concept of animal welfare, it is very important to 

consider that animal welfare, as a scientific discipline, owes its existence to society ethical 

concerns and not to scientists’ curiosity or findings (Fraser, Weary, Pajor & Milligan, 1997; 

Keeling, 2005). For this reason, animal welfare analysis is composed of two perspectives: 

an ethical (focusing on values and judgment), and a scientific one (focused on facts),  

and these two should be clearly separated (Broom, 1991). In the research conducted in this 

thesis we follow the scientific component perspective of animal welfare.  

 

2.1 ANIMAL WELFARE AS A MULTIDIMENSIONAL CONCEPT 
Animal welfare science has developed in the last years giving special attention to welfare 

indicators (Fraser, 2006; Veissier, Butterworth, Bock & Roe, 2008), and to the development 

of species-specific protocols for on-farm welfare assessment.  

Measurement is an fundamental component of scientific research (Streiner & Norman, 

2008), and one of the rules before measuring something is having a clear definition of what is 

being measured (Nunnally & Bernstein, 1994). Temple Grandin usually says “you can’t 

manage what you can’t measure”, also thinking of welfare. So, it is clear that the concept of 

what is being measured has a strong influence on the type of research that is conducted 

                                                             
6 Initially, 1) Freedom from hunger and thirst, by ready access to water and a diet to maintain health and vigour; 2) Freedom 
from discomfort, by providing an appropriate environment; 3) Freedom from pain, injury and disease, by prevention or rapid 
diagnosis and treatment; 4) Freedom to express normal behaviour, by providing sufficient space, proper facilities and 
appropriate company of the animals’ own kind; 5) Freedom from fear and distress, by ensuring conditions and treatment that 
avoid mental suffering. 
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(Duncan & Fraser, 1997; reviewed by Fraser et al., 1997). For this reason before moving on to 

the more methodological and theoretical concepts underlying this research, it is important to 

clearly state the “animal welfare” definition adopted.  

Being a concept intrinsically related to culture and beliefs, the interpretation of what is 

animal welfare differs widely between countries and people (Vanhonacker, Verbeke,  

Van Poucke & Tuyttens, 2007), with science being essential to objectively define it (Fraser et 

al., 1997). However, even scientists have presented different definitions. From literature it is 

possible to identify at least three main approaches to define animal welfare.  

The first approach focuses on “natural-living” concerns and highlights the importance of 

animals living in harmony with their environment, hence having the ability to express natural 

genetically encoded behaviour patterns, including those acquired through their normal 

ontogenic development (Fraser et al., 1997; Rollin, 1993). This approach is very close to 

consumers’ beliefs, and therefore aspects allowing animals to meet their behavioural  

(or ethological) needs, by providing proper environmental conditions, are considered welfare 

requisites (Fraser, 2006). Nevertheless, scientists have highlighted the importance of not 

considering the full range of behaviours as a guide to assess animal welfare, as there are 

behaviours that, although natural, are considered to show suffering (e.g., flight reactions) 

(Fraser et al., 1997; Hughes & Duncan, 1988). 

The second approach centres its attention on animal’s “feelings and emotions”, pointing to 

more psychological aspects of welfare, like suffering and fear, as negative emotions,  

or pleasure and comfort, as positive ones (Fraser et al., 1997). This approach is based on the 

belief that non-human animals can experience these emotional states, and considers that 

welfare is mostly dependent on what the animal “feels” (Duncan, 1993, 1996). This approach 

has been accepted and integrated in European legislative and administrative provisions as  

a key principle ever since animals are considered to be “sentient beings” (The Treaty of 

Lisbon, 2009). Therefore, animal welfare is given the same type of footing as other key 

principles such as human health or sustainable development. There are several studies that 

show it is possible to measure animals’ emotions. However, there are no studied direct and 

objective indicators to assess an animal’s emotional state. Therefore researchers have to rely 

on assessing behavioural or physiological changes, which are frequently associated with 

cognitive bias from observers and may therefore present problems of interpretation (Fraser, 

2009; Mendl, Burman, Parker & Paul, 2009).  

The third welfare approach is based on the concept of an adequate “biological function”,  

and describes the welfare of an individual as “its state as regards its attempts to cope with its 

environment” (Broom, 1986, p. 524). It relies on the assumption that an animal to be able to 

overcome a challenge that affects it’s functioning, has to be able to activate coping 

mechanisms that can be either physiological or behavioural, at a determined “biologic cost”, 
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sometimes referred as “stress”. The notion of a good level of welfare implies that an adequate 

balance is set between different coping strategies and the fulfilment of biological needs,  

as the imbalance may lead to the occurrence of disease (Broom & Johnson, 1993). However, 

the establishment of a link between welfare and indicators of biological function is not always 

easy or straightforward, as it is not always guaranteed that the fact that an animal is not 

capable to answering to an aversive situation leads to the manifestation of diseases or injuries 

(Broom & Johnson, 1993).  

All these approaches have their own drawbacks and cannot by themselves define animal 

welfare; considering only one approach can even be seen as a hindered concept that can 

therefore limit the overall aim of animal welfare research (Fraser et al., 1997). Hence, these 

approaches should be considered as intertwined, leading to the need to assess animal welfare 

in a more “holistic” approach (Broom, 1998). The FAWC followed this more “holistic” 

approach and integrated all three of the above mentioned concerns when adopting and 

revising the “Five Freedoms” concept by the Brambell Committee in 1965 (Farm Animal 

Welfare Council [FAWC]; 2009). The “Five Freedoms” concept is still today a reference for 

the study and assessment of animal welfare in production animals (Webster, 2001), and 

should be viewed as a general guideline pointing the way to improve animal welfare (Rushen, 

Butterworth & Swanson, 2011).  

In 2008, the Welfare Quality project re-elaborated the concept of the “Five Freedoms” 

(FAWC, 2009) and defined four main areas of concern (“Welfare Principles”), which were 

then split into twelve criteria (“Welfare criteria”) (Table 1) (Blokhuis, Veissier, Miele & Jones, 

2010; Rushen et al., 2011), each of which corresponded to a key welfare dimension as a result 

of a fruitful science-society dialogue around the welfare of farm animals. Accordingly, criteria 

are independent of each other and form an exhaustive, but minimal list (Blokhuis et al., 

2010; Botreau, Veissier, Butterworth, Bracke & Keeling, 2007). The Welfare Quality concept 

of animal welfare establishes a hierarchical aggregation procedure to produce an overall 

assessment of animal welfare (Botreau, Capdeville, Perny & Veissier 2008). 
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Table 1. Welfare principles and criteria, as defined by the Welfare Quality project 

Principles Welfare Criteria 

Good Feeding Absence of prolonged hunger 

Absence of prolonged thirst 

Good Housing Comfort around resting 

Thermal comfort 

Ease of movement 

Good Health Absence of injuries 

Absence of disease 

Absence of pain induced by management procedures 

Appropriate Behaviour Expression of social behaviours 

Expression of other behaviours 

Good human-animal relationship 

Positive emotional state 

 

Derived from what was written above, nowadays the state of the art considers the animal 

welfare concept to be a multidimensional one, requiring that all welfare key criteria are 

included and interconnected to determine the overall welfare status (Botreau, et al., 2008; 

Mason & Mendl, 1993). The need to consider multiple criteria when evaluating on-farm 

animal welfare makes the development of welfare assessment protocols a difficult task.  

For this reason the development of feasible indicators is one of the main challenges in welfare 

assessment research (Knierim & Winckler, 2009). The work conducted in this thesis on the 

development of the BCS and lameness indicators aimed to advance knowledge in that area.   

It is also important to mention that the animal welfare definition is not static and is subjected 

to permanent changes as society and scientific knowledge advances. A recent example of this 

was the work conducted by Tuyttens, Vanhonacker, Van Poucke & Verbeke (2010).  

This team of researchers assessed the quantitative correspondence between the operational 

definition of animal welfare, having defined the concept in terms of four “welfare principles” 

and 12 “welfare criteria”, and the opinion of different stakeholders from Belgium. The results 

showed that the Belgium stakeholders (that were not present in the focus groups that lead to 

the Welfare Quality operational definition) broadly agreed with the concept division on the 

four “welfare principles” and 12 “welfare criteria”, but had questions regarding the 

aggregation procedures not considering all principles to be equally important (Tuyttens et al., 

2010).  Therefore reflecting public concerns on an animal welfare definition is a challenge, 

especially considering the diversity of cultural background and socio-economic development 
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among European countries. Even within each country citizens have different perceptions and 

understanding of what is animal production and welfare. 

Still, the concept defined by the Welfare Quality project is nowadays the definition that 

represents the more generalised consensus of what is animal welfare, both to society and to 

the scientific community 7  (Rushen et al., 2011). For this reason the Welfare Quality 

framework was followed to identify the most promising welfare indicators to assess dairy 

goats' welfare8.   

 

                                                             
7 The literature review conducted on chapter six followed this state of the art definition. 
8 Further information regarding the indicators is presented on chapter six.  
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Animal welfare – Measurement 

 
 
Chapter 3 introduces the two main categories of welfare indicators used to assess animal welfare on 

farms. It gives special emphasis to the challenges associated with developing animal-based 

indicators that have triggered some of the research conducted in this thesis.  

 

 

 

 

As discussed in the previous chapter, animal welfare is a multidimensional concept. 

Therefore, to have a proper overall assessment, all the key concerns have to be considered 

(together with their interconnectedness), which turns animal welfare assessment into  

a complex multicriteria evaluation challenge (Botreau et al., 2008). When structuring a 

multicriteria model, the first step consists in defining, following theoretical and practical 

rules, a set of criteria that are considered relevant (Bana e Costa & Beinat, 2005; Botreau, 

Veissier, et al., 2007). The definition of such criteria was conducted by the Welfare Quality 

project, and represents the starting point for the research developed in this thesis.9  

After the “welfare criteria” are defined, the next step is to ensure their operationalization 

through different indicators (Bana e Costa & Beinat, 2005; Botreau, Veissier & Perny, 2009). 

The association of an indicator to a “welfare criterion” is usually a matter of choosing from 

the pool of indicators available the ones that are considered most adequate (i.e., that have the 

proprieties that will be described in the beginning of chapter four). It is also important to 

acknowledge that the same indicator may provide information related to different “welfare 

criteria” (Blokhuis et al., 2010). 

Two main categories of indicators have been used to assess on-farm animal welfare: 

environmental-based (resource and management) and animal-based (Rushen et al., 2011).  

In the next sub-chapters we detail some characteristics of the two categories of indicators. 

The objective is to help the reader to understand the option to use animal-based indicators in 

detriment of environmental-based ones.  

 

                                                             
9 In chapter two, while exploring the animal welfare concept, the welfare quality framework of assessment is detailed.  
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3.1 ENVIRONMENTAL-BASED 
(RESOURCE AND MANAGEMENT) INDICATORS 

Environmental-based indicators (also referred to as input-based indicators) describe the 

features of the environment in which the animals are inserted, therefore focusing on what is 

available to the animals in terms of resources (e.g., food, shelter, type of floor, space 

allowance, access to pasture), and management choices (e.g., how and when they are fed, 

how and if they are moved and mixed with other animals, what and how painful procedures 

are executed) (Johnsen, Johannesson & Sandøe, 2001; Rushen et al., 2011; Sandøe, 

Munksgaard, Badsgard & Jensen, 1997). 

Resource and management-based indicators are considered to have a low level of 

subjectivity, and are usually associated with a high level of feasibility (they require little 

training and are not time consuming, therefore also have low costs associated), and reliability 

(usually having high inter and intra-observer reliability) (Capdeville & Veissier, 2001; 

Johnsen et al., 2001; Whay, 2007). Moreover, the assessment of environmental-based 

indicators can be seen as a way to prevent welfare problems, therefore considering these type 

of indicators more as risk factors than direct measures of animal welfare (Canali & Keeling, 

2010; Rushen et al., 2011). 

For the reasons presented above, most of the monitoring systems that were developed in 

Europe since 2001 are largely based on environmental-based indicators (Johnsen et al., 

2001), e.g., the Animal Needs Index developed by Bartussek (1999), the Freedom Food 

Schemes (Main, Webster & Green, 2001), as well as the majority of national and European 

legislation that has been produced (Veissier et al., 2008). 

However, in order to adopt environmental-based indicators, scientific evidence should exist 

to support the assertion that a given housing or management routine is unquestionably a 

hazard affecting welfare. Conversely, some studies do not sustain environmental-based 

indicators as valid, showing farms with equivalent production systems demonstrating 

enormous variation in animal welfare (Mülleder, Troxler, Laaha & Waiblinger, 2007; Sandøe 

et al., 1997). Furthermore, individuals with different genetic backgrounds (e.g., different 

breeds) may respond differently to the same environment. For example, Mattiello, Battini, 

Andreoli & Barbieri (2011) showed how dairy cows from different breeds presented different 

levels of welfare under similar environmental conditions. The validity of using this type of 

indicators can be questioned due mainly to their indirect relation with animal welfare, and 

for all the multiple interactions that can be established with other resource and management 

features and the animal itself (Waiblinger, Knierim & Winckler, 2001).  

This type of studies highlight two important findings: 1) how assessments based on 

environmental-based indicators can fail to assess the welfare status of animals in a given 

farm, as the link between specific environmental indicators and the animals’ welfare status is 
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not completely clear (Blokhuis et al., 2013); and, 2) how, only by using animal-based 

indicators (e.g., behavioural and health indicators), it is possible to assess the animals’ 

response to living in a particular farm, and so to properly assess animal welfare at herd level 

(Rushen et al., 2011).  

These points show the disadvantages of using environmental-based indicators and support 

the decision to focus on animal-based indicators for welfare assessment. This has being 

highlighted by multiple research teams (e.g., Welfare Quality) and there are several current 

studies that focus on the development and integration of animal-based indicators in welfare 

assessment protocols (Main, Kent, Wemelsfelder, Ofner & Tuyttens, 2003; Rushen et al., 

2011; Webster, 2005; Whay, Main, Green & Webster, 2003). This was also the strategy 

followed in the AWIN project and consequently in this thesis. 

 

3.2 ANIMAL-BASED INDICATORS 
Animal-based indicators (also referred as outcome-based indicators) give a more direct 

assessment of the animal’s welfare as, by observing the animal directly, they measure the 

way in which the animal itself responds to the environmental conditions to which it is 

subjected (Johnsen et al., 2001; Rushen et al., 2011; Whay et al., 2003), therefore allowing 

for comparisons of the welfare of animals kept in different types of farming conditions.  

There are four main categories of animal-based indicators: health, physiological, 

behavioural, and record-based indicators.  

The most commonly addressed examples of health indicators are injuries (e.g., skin injuries 

and locomotion disorders) or diseases (e.g., presence of external abscesses, presence of 

nasal or ocular discharges), both of which can be directly assessed by looking at the 

animals. All health problems are of economic importance, thus there is an array of studies 

focusing on health indicators, which makes this category the most quoted. For example, for 

goats see Battini et al. (2014). 

Physiological indicators, including some blood parameters, heart-rate and hormones 

(e.g., hypothalamic pituitary adrenal axis activity), have a lot of limitations to be used in  

on-farm welfare assessments as they are difficult to interpret, not always associated with 

poor welfare, and have several feasibility issues (e.g., methods can be invasive, usually 

require animals’ restraining, require special training and material, being therefore costly,  

the results are not readily available) (Capdeville & Veissier, 2001; Winckler, 2006).  

Behavioural indicators, either in the form of tests performed (e.g., avoidance distance) or in 

observations (e.g., looking for signs of lameness or abnormal behaviours such as 

stereotypies or self-mutilation) are very commonly used in welfare assessment schemes. 

Viñuela-Fernández, Jones, Welsh & Fleetwood-Walker (2007) even point out that 

behavioural indicators are the most frequently used indicators to assess pain at farm-level. 
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Some of the advantages attributed to these indicators are that they are non-invasive, non- 

-intrusive, and they many times mirror the animal's health and what they want (Dawkins, 

2004). However, the interpretation of this type of indicators can be challenging as they are 

frequently associated with a high level of subjectivity (Meagher, 2009). Moreover, they 

present several constraints in terms of feasibility as some of the indicators are expressed 

for a short period of time (e.g., stereotypical behaviours) and can even be supressed by the 

presence of the observer. 

Record-based indicators (e.g., reproduction indexes, milk yield, longevity) can be 

suggestive of potential welfare problems, and therefore have the potential to be used in 

early warning systems (Colditz, Ferguson, Collins, Matthews & Hemsworth, 2014; Kelly, 

More, Blake & Hanlon, 2011). However, it is also true that the production on a farm can be 

satisfactory even if some animals are in poor conditions (Botreau, Bracke, et al., 2007), 

which makes performance indicators unspecific and therefore difficult to interpret. Another 

disadvantage is that the availability of these indicators at farm level depends greatly on the 

type of farmer and country. If in some countries health and production databases are 

readily available (Johnsen et al., 2001), there are countries where this does not happen, 

which makes comparisons between farms and countries difficult. 

Still, there is a lot of research being conducted with this type of indicators as they may 

guarantee a first level welfare assessment without the need to physically visit the facilities  

(de Vries, Bokkers, Dijkstra, van Schaik & de Boer, 2011; Sandgren, Lindberg & Keeling, 2009). 

Several studies on individual welfare indicators have shown how animal-based indicators 

can provide a more direct assessment of animal welfare. For example, studies on lameness 

in different species (Christodoulopoulos, 2009; Eze, 2002; Flower & Weary, 2009; Hill et 

al., 1997; Lima, Pascoal, Stilwell & Hjerpe 2012b) have shown lameness as an important 

indicator of pain with strong impact on milk yield, and fertility, and also contributing to 

pregnancy toxaemia and neonatal diseases.  

Recently, different welfare assessment protocols have been developed considering animal- 

-based indicators. Examples are the protocols developed by the Welfare Quality project.  

This project constructed a multicriteria evaluation model for welfare assessment (farms, 

slaughterhouses) that was applied to different species (e.g., cattle, pigs and poultry) and 

that is considered a pioneer in developing animal-based indicators (Blokhuis et al., 2010; 

Rushen et al., 2011).  

The European Union (EU) Strategy for the Protection and Welfare of Animals 2012- 2015 is 

also recommending animal-based indicators as more suitable for animal welfare 

assessment (European Commission, 2012). The EU strategy identified four main areas of 

action among which are: introducing science-based animal-based welfare indicators as a 

potential way to simplify the legal framework and encourage competitiveness of livestock 
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producers, and developing benchmarking voluntary schemes by better informing the 

general public on animal welfare issues.  

 

3.3 CHALLENGES OF ANIMAL-BASED INDICATORS 
The integration of animal-based indicators in welfare assessment schemes entails several 

challenges. For instance, there are few available indicators centred directly on the animals 

(Johnsen et al., 2001), and they are even fewer if we consider small ruminants (Battini et al., 

2014; Caroprese, Casamassima, Rassu, Napolitano & Sevi, 2009; Phythian et al., 2011). 

Therefore, when developing a welfare assessment protocol centred on animal-based 

indicators there is a strong need for further research, validation or adjustments.  

Animal-based indicators have several advantages in terms of validity over environmental-

based indicators. However, when considering validation, there are indicators for which the 

relation with welfare is simple and straightforward (e.g., the examples already described for 

injuries and diseases mainly linked to pain), but for others finding a correlation is much more 

difficult. For example, for indicators related to human-animal relationship and to positive 

emotional state, the link is much more difficult to establish due to their relationship with 

husbandry conditions, either in terms of housing or management, and animals' 

characteristics like breed, age or even individual temperament (Waiblinger et al., 2006; 

Yeates & Main, 2008).  

Other challenges are related to reliability as there is an associated level of subjectivity 

involved when using animal-based indicators, and so the observers' assessment might be 

biased by his/her own concern for the animals (Meagher, 2009).   

Additionally, the recording of animal-based indicators is strongly influenced by the species 

being assessed and the housing conditions. Taking goats as an example: this specie is 

considered to be gregarious and with a strong anti-predator sense which makes animal-based 

individual observations time-consuming and difficult. Whereas environmental-based 

observations are much more straightforward, fast to collect, and can be performed at any 

time. For these reasons, the development of more feasible ways of assessing the indicators is 

paramount. An example of how research can advance in this sense is the work developed in 

this thesis with the BCS indicator. In chapter seven we detail how we developed a visual 

scoring system to assess BCS that replaced the need to score BCS by palpation.  

Another possible strategy to increase the feasibility of the indicators is by implementing an 

effective sampling strategy that reduces the observations to some individuals or groups of 

individuals inside a unit. There are several problems associated with sampling strategies.  

The first is that the implementation of these strategies require previous knowledge and 

determination of parameters such as expected prevalence, level of precision, and the 

confidence level of the estimation that are not frequently available (Endres, Lobeck- 
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-Luchterhand, Espejo & Tucker, 2014). The second is that the sampling is influenced by the 

recording location. For example, if a protocol is designed to collect information during 

milking, it has to take into account that some of the animal-based indicators (e.g., lameness) 

might influence the milking order (Main et al., 2010), and therefore the sampling strategy 

has to take this into consideration.  

In our research project we addressed some of the challenges associated with the development 

of animal-based indicators by developing the BCS (chapter seven) and lameness (chapter 

eight) assessment. Furthermore, we took into account validity, reliability and feasibility 

concepts when drawing our experimental designs. In the next chapter we detail these 

concepts, providing the reasoning for the development of this research. 
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Animal Welfare - Overall assessment: 

from indicators to protocols  
 

 
Chapter 4 introduces and discusses the basic concepts underlying the indicators development that 

provided a theoretical basis for all the fieldwork conducted during this research. Furthermore,  

it illustrates how to move from the indicators level to an overall assessment of welfare.   

 

 

 

 

After the “welfare criteria” are defined, the next step is to ensure its operationalization with 

different indicators (Bana e Costa & Beinat, 2005; Botreau et al., 2009). The association of an 

indicator to a “welfare criterion” is usually a matter of choosing, from the pool of indicators 

available, the ones that are considered most adequate (i.e., that have the proprieties that will 

be described in the beginning of chapter four). It is also important to acknowledge that the 

same indicator may provide information related to different “welfare criteria” (Blokhuis et 

al., 2010). 

To develop a protocol that delivers an overall assessment of animal welfare different 

indicators need to be integrated into one assessment protocol (Fraser, 2006; Webster, 2005). 

There are two fundamental questions underlying this process. The first one is that the 

indicators need to meet given proprieties to be considered suitable to be integrated in the 

protocol. The second is that the choice of indicators, and associated level of measurement, 

needs to consider the aim of the protocol. In the two next sub-chapters we will debate these 

issues.  

 

4.1 DEVELOPING WELFARE INDICATORS – WHAT ARE THE BASICS? 
To be able to properly select indicators for an on-farm welfare protocol, it is paramount to 

take into account their psychometric proprieties. Therefore, this chapter explores the 

concepts of reliability, validity, and feasibility. After these properties are respected, the next 

step is to define how to operationalize the indicators, that is, how to define a scoring scale.  
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4.1.1 Reliability 

Reliability is an essential requisite for scientific measurement. It weighs the amount of 

random and systematic error (the smaller the error, the more reliable is the measurement), 

and is usually assessed before validity, as it is important to first guarantee that an indicator 

has the ability to measure something in a reproducible way (Meagher, 2009; Streiner & 

Norman, 2008). Overall, it estimates the ability of observers to differentiate each case among 

the different levels of a scoring system (Kottner et al., 2011; Streiner & Norman, 2008). 

In this research thesis, reliability is assessed under the general description of consistency, 

that is, the reproducibility of a given indicator when it is gathered in different occasions 

(Streiner & Norman, 2008). This form of reliability can be explored by means of inter-

observer reliability studies (measures the degree of agreement between different observers), 

intra-observer reliability studies, or observer consistency studies (measures the degree of 

agreement between observations made by the same observer on two different occasions),  

and test-retest reliability studies (refers to the agreement between observations performed on 

the same individual, or farm, on two different occasions separated by a time interval) (Scott, 

Nolan & Fitzpatrick, 2001; Streiner & Norman, 2008). Some authors consider that in the 

case of welfare assessment the intra-observer reliability is a part of test-retest reliability  

(de Passillé & Rushen, 2005; Temple, Manteca, Dalmau & Velarde, 2013).  

Common inter-and intra-observer reliability measures are the kappa coefficient, ( 𝑘  ),  

the weighted kappa (𝑘"), and intra-class correlation (ICC). The kappa coefficient (𝑘) is a 

measure of “true” agreement that assesses the proportion of agreement beyond that expected 

by chance, handling all disagreements equally (Sim & Wright, 2005) and is used for 

categorical items. Weighted kappa ( 𝑘" ) penalizes disagreements in terms of their 

seriousness, thus, being appropriate for ordinal scales (Cohen, 1968). In 𝑘" the weighting 

scheme has to be chosen, being the quadratic weighting scheme, where disagreement weights 

are proportional to the square of the deviation of individual ratings (Cohen, 1968; Sim & 

Wright, 2005; Streiner & Norman, 2008). For data interpretation, Fleiss and Landis and 

Koch thresholds are commonly used (Streiner & Norman, 2008).  Fleiss thresholds for 𝑘 are: 

0 - 0.40 = poor; 0.41–0.75 = fair to good; and 0.76–1 = excellent; and Landis and Koch 

thresholds for 𝑘"	  are: < 0 = poor; 0.00–0.20 = slight; 0.21–0.40 = fair; 0.41–0.60 = 

moderate; 0.61–0.80 = substantial; and 0.81–1 = almost perfect (Streiner & Norman, 2008). 

The Welfare Quality project accepted as the maximum lower limit 0.4, however, as de Passillé 

& Rushen (2005) mentioned in their study, if there are economic consequences for farmers, 

higher levels of reliability should be considered as lower limits. Streiner & Norman (2008) 

consider a minimum of 0.5.  
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ICC compares the variance of different measurements of the same subject with the total 

variance across all measurements and subjects, integrating the magnitude of the 

disagreement to evaluate inter-observer reliability estimates (larger magnitude 

disagreements lead to lower ICC), and it can be used for ordinal, interval, and ratio variables 

(Hallgren, 2012; Weir, 2005). Estimates for ICC are interpreted using the following 

guidelines: 0-10% = virtually none; 11–40% = slight; 41–60% = fair; 61–80% = moderate; 

81–100% = substantial agreement (Shrout, 1998). There are several ICC variants that must 

be considered based on the nature of the study and the type of agreement the researcher 

wishes to estimate, as “one-way” or “two-way model” (for considering how observers are 

selected for the study); how the inter-observer reliability is going to be characterized –  

if “absolute agreement” or “consistency”; the researcher must stipulate the unit of analysis 

that the ICC results apply to, i.e. averages of ratings scored by several observers or based on 

ratings provided by a single observer; and finally if the observers are considered to be 

random or fixed effects (Hallgren, 2012; Shrout & Fleiss, 1979). 

Agreement (proportion of exact agreement and disagreement) is another measure frequently 

used to assess stability of observations, defined as the ability of observers to give identical 

scores, and is calculated by dividing the number of agreements by the total number of 

agreements and disagreements (Martin & Bateson, 2007). Although, it is not considered a 

reliability measure, it is useful for data interpretation when compared with the previous 

described measures. 

It should be recognized that if in a study we have high levels of inter-observer reliability, the 

intra-observer reliability is sure to be high too, therefore one can exclude the demonstration 

of the latter from the experimental designs (Streiner & Norman, 2008). However,  

it is paramount to include them in case that inter-observer reliability is low, as we will not be 

sure if the reason is due to differences within or between observers, or even both (Streiner & 

Norman, 2008). 

In welfare assessment schemes the stability of results contributes to the reduction of costs 

(Knierim & Winckler, 2009; Sørensen, Rousing, Møller, Bonde & Hegelund, 2007). Having 

indicators that do not change significantly over a long period of time allows for a reduction of 

farm visits, while keeping the results reliability. Literature points to different methods to 

assess test-retest reliability (Lensink, van Reenen, Engel, Rodenburg & Veissier, 2003; 

Plesch, Broerkens, Laister, Winckler & Knierim, 2010; Rousing & Waiblinger, 2004), 

however the most accurate form seems to be the one applied by Temple et al. (2013). Temple 

et al. (2013) started by performing a Wilcoxon signed rank test to test whether the 

prevalences obtained during two farm visits were significantly different at the 0.05-level. 

Subsequently, in order to overcome the inconsistencies between methodologies observed in 

different studies as reported by Costa-Santos et al. (2011), Dohoo, Martin & Stryhn (2009), 
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and De Vet, Terwee, Knol & Bouter (2006) three statistical methods were used to assess 

consistency of animal-based indicators over time. At first, a spearman’s rank correlations 

between the two visits was calculated (Martin & Bateson, 2007). Subsequently, ICC was used 

to determine reliability, with a two-way mixed effects model (Shrout & Fleiss, 1979), i.e.,  

the subjects in the study are considered to be random but the observers (raters) are not 

random effects, with absolute agreement and single-measures being estimated. Finally,  

the limits of agreement between visits for the animal-based indicators were determined 

following the Bland & Altman (1986) method, where limits of agreement are estimated on the 

difference of prevalences between the two separated visits and the standard deviation of 

these differences. Low test-retest reliability results may have three meanings: the event under 

assessment might have changed; the scoring method may be unreliable; the “test is reactive” 

in the sense that the first assessment might influence the second (Streiner & Norman, 2008). 

Reliability can also be explored by focusing on cardinal consistency literature. In decision 

analysis studies, inconsistency represents a conflict between the decision-maker assessment 

and a fixed model (González-Pachón, Diaz-Balteiro & Romero, 2014). This is also the implicit 

definition of inconsistency in inter-observer reliability studies: verifying whether the 

observer’s assessment matches a numerical rating scale (NRS) model, ascertaining for 

ordinal consistency. In NRS there is ordinal consistency between the different levels of the 

scale, which is generally easy to deliver by the observers as it merely requires a comparability 

assumption. However, it is associated with difficulties in aggregating scales (Arrow, 1951). 

Similarly to ordinal consistency, cardinal consistency allows not only for assessing the order 

of the answers, but also the intensity of the assessment (Keeney, 1976). Although this 

information is more difficult to deliver by the observers, it makes the aggregation of scales 

easier (Keeney & Kirkwood, 1975).  

As reliability is a pre-requisite for validity, high levels of observer reliability offer 

confirmation of the validity of the indicators (Hewetson, Christley, Hunt & Voute, 2006; 

Kaler, Wassink & Green, 2009; Meagher, 2009), and are necessary to show the objectivity of 

indicators being assessed by different observers in an on-farm welfare assessment context 

(Phythian et al., 2012). This is particularly important when considering animal-based 

indicators, as indicators taken on animals are more prone to variation (Temple et al., 2013). 

Therefore, if reliability of an indicator is poor then it is probably inappropriate for animal 

welfare monitoring (De Rosa, Grasso, Pacelli, Napolitano & Winckler, 2009) 

It is also important to consider that reliability is not an absolute propriety of an indicator –  

it is an interaction between the instrument of assessment, the group of observers using the 

instrument and the situation in which the test is taking place (Streiner & Norman, 2008). 

Hence, when considering reliability test results or developing reliability studies, one has to 

take into account the way data is collected. The instrument categories must be explicitly 
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defined and the practice, experience and fatigue of the observers must be considered (Martin 

& Bateson, 2007). Moreover, an adequate sample has to be determined. The sample size 

determination has to take into account both the expected and acceptable inter-observer 

reliability, and also the levels of both α and β (generally, 𝛼 = 0.05 and 𝛽 = 0.2), to be able to 

estimate a minimum number of observations to complete the studies (Walter, Eliasziw & 

Donner, 1998).  

While it is true that under commercial conditions the development of reliability studies may 

be challenging (Kaufman & Rosenthal, 2009; Schlageter-Tello et al., 2014; Streiner & 

Norman, 2008), the lack of studies, and especially the lack of studies that provide 

information for data interpretation, is a drawback when one is exploring indicators with the 

objective of integrating them in a welfare protocol.  

Finally, improving descriptors definition (either by refining definitions or by merging several 

detailed descriptors), ensuring good data recording and training, have proved to be essential 

to increase reliability (Brenninkmeyer et al., 2007; Gibbons, Vasseur, Rushen & Passille, 

2012; Knierim & Winckler, 2009; March, Brinkmann & Winkler, 2007).  

 

4.1.2 Validity 

Validity will determine if an indicator is measuring what it is intended to measure, as this is 

fundamental to be able to say that an indicator is providing information to the question being 

asked (Cronbach & Meehl, 1955; Martin & Bateson, 2007; Streiner & Norman, 2008).  

There are different approaches to assess validity, but ultimately they all relate to three 

settings. The first is when one wants to check the validity of an indicator or test for which 

there are already other scoring methods. In this approach, usually described as criterion 

validation, the researcher administers the indicator or test simultaneously with the already 

existing scoring system and determines how strong is the correlation between the two  

(it is assumed that the correlation should fall between 0.4-0.8, as if it is lower, it means that 

the two instruments are probably measuring different constructs) (Streiner & Norman, 

2008). The already existing scoring system should be, as much as possible, used and 

acknowledged in the field of study as the “gold-standard” (Meagher, 2009; Streiner & 

Norman, 2008). Since in the case of overall welfare assessment there is no “gold standard”, 

criterion validity must be demonstrated by comparison to other valid and reliable 

methodologies (Cohen et al., 1996), being much harder to assess than reliability (De Passillé 

& Rushen, 2005). 

Criterion validation can be divided into concurrent and predictive validation. In the most 

commonly used concurrent validation studies, the correlation between the new and already 

available scoring system (here named criterion measure), or between the indicators and 

other measures to which the latter is theoretically related, is established by administrating 
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them both simultaneously; in predictive validation studies the criterion measure will only be 

available in the future (e.g., diagnostic tests in which we must wait for the appearance of 

symptoms), therefore the aim is to have answers earlier than current scoring system 

(Kamphaus & Frick, 2005; Meagher, 2009; Streiner & Norman, 2008).  

The second context in which validity is usually assessed is when no other measures exist, and 

is known as construct validity (Streiner & Norman, 2008). In this case the validity studies 

aim to establish a link between the attribute being measured (an effect, e.g., level of 

lameness) and some other attribute (a treatment, e.g., floor type), by means of a hypothesis 

or construct (Scott et al., 2001; Streiner & Norman, 2008). The defined hypothesis is then 

tested by means of an experimental design where the researcher tries to find if the attributes 

to which the construct is related, are identified as convergent – convergent validity, or as 

divergent – discriminant validity (Meagher, 2009; Streiner & Norman, 2008). It is however 

important to point that construct validation is an on-going process, as in the majority of cases 

one study is not enough to univocally establish validity (Streiner & Norman, 2008). 

The third form of validity, frequently seen in welfare and behavioural studies, is content 

validity, also referred as face validity. In this type of validation, an indicator or test is 

assessed by having one or more experts assessing them by a subjective judgment that is 

believed to be valid (Scott et al., 2001; Scott, Fitzpatrick, Nolan, Reid & Wiseman, 2003; 

Streiner & Norman, 2008).  

As reviewed by Botreau, Bonde, et al. (2007) welfare indicators have been validated in 

different ways, either by comparing them with more refined methods (criterion validity),  

by investigating treatments effects (construct validity), or by using experts’ judgment 

(content validity). However, it is important to keep in mind that an overall animal welfare 

assessment system may only be appropriate if the indicators that integrate it have established 

validity, therefore the use and correct application of validation experimental designs should 

receive ample attention from the scientific community.   

 

4.1.3 Feasibility 

Feasibility refers to the potential practicality and viability of a measurement procedure 

(Martin & Bateson, 2007). Regarding on-farm welfare assessment feasibility, Knierim & 

Winckler (2009) identify two main constraints that have to be taken into account. The first is 

the time constraint. The possibility to measure an indicator in a limited time is a driver of 

animal-based indicators and measurements development. It is the reason why environmental 

indicators have had such a predominant space in welfare indicators selection (Johnsen et al., 

2001), and why some behavioural indicators (e.g., resting patterns) and those indicators that 

need further processing after collection (e.g., some physiological indicators), are frequently 

excluded (Spoolder, De Rosa, Hörning, Waiblinger & Wemelsfelder, 2003). It is important to 
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mention that a survey should be first conducted among stakeholders to determine  

a maximum acceptable amount of time for an on-farm assessment. 

The second constraint is cost (Knierim & Winckler, 2009). More than considering costs 

associated with specific equipment or consumables, this constraint is influenced again by 

time taken to perform the assessment, as well as time taken to train assessors, and how that 

reflects in terms of men-hours. Therefore, an important step for integrating welfare 

indicators in protocols is developing a sample strategy that allows for the decrease in the the 

number of animals to be assessed (Sørensen et al., 2007). 

 

4.2 SCORING SYSTEM DEVELOPMENT 
After reliability, validity and feasibility is established, a scoring system has to be defined to 

operationalize the indicators in order to allow their integration in a welfare assessment 

scheme. This operationalization is accomplished by choosing a scoring system. As already 

discussed, the assessment objective (e.g., legislative or advisory) usually determines the 

indicators to be integrated. However, it is also true that the same indicator can be integrated 

at different levels of measurement. For example, the assessment of only the extreme BCS 

cases (very thin and very fat animals) may be enough for legislative purposes, but perhaps 

not for advisory ones where a more sensitive scale is needed. Also, when integrating 

indicators it is important to have in mind the different options in terms of scoring systems to 

ensure operationalization. Moreover, it is important to understand that the choice of a given 

scoring system implies different constraints in terms of level of measurement. In this section 

we discuss these options, with this discussion showing the scope and relevance for 

developing the study on lameness scoring system development in chapter nine. 

There are different types of scoring systems available, and when selecting the type of scale the 

researcher should take into account the kind of possible answers: categorical or continuous 

(Streiner & Norman, 2008). In welfare assessment two types of scoring systems are frequently 

used: ordinal and continuous scales (Scott et al., 2001). Ordinal scales, also called NRSs,  

are explicit scoring systems in which each individual is scored accordingly to different 

descriptors that correspond to a whole number (Gaynor & Muir, 2008; Scott et al., 2001; 

Streiner & Norman, 2008). In welfare assessment, ordinal scales are the scoring systems most 

frequently used, due to being generally easy to deliver as it merely requires a comparability 

assumption. However, being in most cases artificial constructs, they are associated with 

difficulties in their use and interpretation (Arrow, 1951). This is particularly evident if we use 

them to assess variables that are continuous by nature, such as lameness or pain levels.  

There are several problems associated with ignoring the continuous nature of variables.  

The first one is that by itself it introduces error in the answers, as different people will interpret 

differently the descriptors. Another source of error will be the limited choice of descriptors 
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usually available. The third problem is the associated loss of efficiency and sensibility of the 

scoring system, with potential loss of valuable information (Streiner & Norman, 2008). These 

problems are frequently prevented by the use of continuous scoring systems.  

The most used continuous scoring systems in animal welfare assessment is the visual 

analogue scale (VAS) (Meagher, 2009). The VAS is a nonverbal scale allowing for the 

recording of clinical events, such as lameness, in a continuous way. The VASs were developed 

for use in pain assessment in humans (Scott & Huskisson, 1976) but are also used to measure 

a variety of subjective phenomena in the behavioural and social sciences, and are considered 

to have potential value for the measurement of different clinical phenomena (Wewers & 

Lowe, 1990). The VAS has the advantage of not imposing a choice of descriptors, being 

possible to score a change even if a change between categories would not occur, and therefore 

overcoming some drawbacks associated with ordinal scales (Averbuch & Katzper, 2004; 

Paul-Dauphin, Guillemin, Virion & Briançon, 1999; Welsh, Gettinby & Nolan, 1993). 

However, VASs are generally viewed as being too subjective, with low user-acceptance,  

and difficult to use in farm conditions (Engel, Bruin, Andre & Buist, 2003; Kaler et al., 2009).  

Current research in scale development has recently been focusing on the development of 

modified VASs to assess different health indicators. An example of some studies aiming for 

the development of such scales for lameness assessment are Nalon et al. (2014),  

and Tuyttens, Sprenger, Van Nuffel, Maertens & Van Dongen (2009) for dairy cows.   

A modified VAS is a VAS that besides being anchored on its extreme limits, it presents the 

thresholds of a categorical scale specified on the VAS continuum, dividing it into segments 

that are complemented with descriptors. The objective is to help observers understand the 

scale and make consistent choices, therefore increasing the inter-observer reliability by 

reducing data variation. The modified VAS keeps the advantages of the VAS, such as allowing 

for the indicator to be recorded in a continuous way, but showing a higher resolution and 

being more sensible to smaller changes than NRS (Averbuch & Katzper, 2004; Nalon et al., 

2014; Tuyttens et al., 2009). This was possible to observe in two different studies in lameness 

scoring systems – one in cows (Tuyttens et al., 2009) and another in sows (Nalon et al., 

2014). In both studies inter-observer reliability was higher with the modified VAS, and the 

studies participants reported their preference for the modified VAS.  

These studies using the modified VASs, split the continuum into equal ranges placing 

(underlying) NRS descriptors as thresholds to these ranges for which a text box composed by 

different lameness and posture signs is added. However, it is imperative to assess if the 

distribution of the NRS descriptors in the VAS is in fact evenly spread, and research should 

focus on investigating the distribution of different lameness and posture signs along the 

scales’ continuum10. 

                                                             
10 The study presented on chapter nine focuses on these questions.  
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When choosing a type of scoring system one should also consider the level of measurement it 

delivers. Measurement, or the means by which we operationalize a measure, involve “rules 

for assigning symbols to objects so as to (1) represent quantities of attributes numerically 

(scaling) or (2) define whether the objects fall in the same or different categories with respect 

to a given attribute (classification)” (Nunnally & Bernstein, 1994, p.1). Four levels of 

measurement can be distinguished: nominal, ordinal, interval, and ratio. 

The nominal level of measurement is considered when observations are assigned to mutually 

exclusive, qualitative categories using a nominal (categorical) scale, and it is the most 

unrestricted form of measurement (Martin & Bateson, 2007; Stevens, 1946). The only 

permissible statistics with this kind of level of measurement are determination of the number 

of cases, mode and contingency correlations (Stevens, 1946).   

The ordinal level of measurement considers situations where the observations can be ordered 

along a scale accordingly to some common propriety using an ordinal scale (Martin  

& Bateson, 2007). As in ordinal scales the distance between categories is unknown, only a 

limited number of calculations (e.g., non-parametric statistics) can be performed (Merbitz  

& Morris, 1989; Streiner & Norman, 2008).  

The interval level of measurement considers the situation in which scores can be placed on a 

scale in a way that the intervals between categories are known, meaning that the difference 

between two points of the scale can be quantified. However, the zero point and the unit  

of measurement are random for an interval scale (Martin & Bateson, 2007). This allows for 

mode, median, arithmetic mean and standard deviation to be calculated (Stevens, 1946). 

The ratio level of measurement is used whenever it is possible to determine a meaningful 

zero in a scale, and it represents the highest level of measurement (Martin & Bateson, 2007; 

Streiner & Norman, 2008) adding the calculation of a coefficient of variation to the 

mathematical operations.  

 

4.3 Integration indicators - What is the aim the protocol? 
As enumerated by Main (2009) there are four broad circumstances, each having their specific 

objectives, in which welfare assessment systems can be applied: research, legislative 

requirements (non-voluntary), certification systems (voluntary) and advisory/management 

schemes. Bellow we focus on the last three circumstances, as some of the characteristics of 

these forms of control, like the welfare indicators’ selection, development, and integration 

will be influenced by the welfare assessment protocol particular application. 

Regarding legislative requirements, animal welfare attracts more attention in Europe than in 

other regions (Dalla Villa, Matthews, Alessandrini, Messori & Migliorati, 2014), and since the 

year 2000 the legislation on animal welfare and its complexity has increased (Schnettler, 
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Vidal, Silva, Vallejos & Sepúlveda, 2009)11, and it is expected to continue to increase as there 

is growing evidence that animal welfare has a strong impact on both food safety and quality 

(Blokhuis, Keeling, Gavinelli & Serratosa, 2008; Horgan & Gavinelli, 2006).  

In the EU there are two main ways in which legislation regarding animal welfare is 

formulated. The first one is via the General Directorate for the Health and Consumer 

Protection (DGSANCO), a department of the European Commission – the executive body of 

the EU. The DGSANCO, with its scientific committee (the scientific committee on Animal 

Health and Animal Welfare is a panel of experts working with the European Food Safety 

Authority [EFSA]), delivers recommendations on how to ensure production animals’ welfare. 

These recommendations may be drafted into directives that are submitted to the Council of 

Ministers of the EU and may be adopted as a Council Directive if approved (Veissier et al., 

2008). The EU directives are then transposed into national laws in each EU country.  

The other way in which legislation might arise is via specific initiatives that are formulated by 

institutions, such as the Council of Europe, to which the EU is a signatory member.  

The Council of Europe published the European Convention for the protection of animals kept 

for farming purposes, which was translated into an EU directive (Directive 98/58/EC) that 

covers the minimum animal welfare standards for farmed animals. The directive 98/58/EC 

was then translated into Portuguese regulation by the decree number 64/2000 from April 22 

(Decreto-Lei (DL) n. º 64/2000, de 22 de Abril). The Direcção-Geral de Alimentação  

e Veterinária (DGAV), which is the competent national authority, ensures that the owners  

or keepers of animals fulfil this legislation.  

The majority of legal documents being produced consider farm animal species together,  

not making differentiations between specific species needs, and usually relying on minimal 

requirements to ensure animals’ needs (Veissier et al., 2008). There are however specific 

legislation available in Portugal for laying hens (DL n. º 72-F/2003, de 14 de Abril), swine 

(DL n. º 135/2003, de 28 de Junho), broilers (DL n. º 79/2010, de 25 de Junho), and veal 

calves up to six months (DL n. º 48/2011, de 10 de Fevereiro). Small ruminants, particularly 

goats, lack specific legislation, which can be identified as a need and justify the opportunity of 

research projects financed by the EU on this subject, namely the AWIN project. The different 

pieces of legislation specify requirements focused on housing and husbandry aspects – that is 

environmental-based indicators12 – which do not deliver an overall status of animal welfare 

and have resulted in an inflexible legislation (Blokhuis et al., 2013). Considering that 

legislation is produced at an European level, it is very difficult to produce legislation detailing 

different production practices throughout European countries, as these countries are 

subjected to different farming, cultural and environmental conditions. For this reason it is 

                                                             
11 This introduction only considers legislative documents for animals kept for farming purposes. Transport and slaughter 
legislation is not mentioned.  
12 For further discussion on this issue, see sub-chapter 3.1.  
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paramount to focus future research on animal-based indicators13 that can overcome these 

difficulties and allows for the development of legislative documents that can be readily 

applied across different European countries. This is what European farmers expect from new 

legislation on animal welfare (Bock, 2009). 

Furthermore, while it is true that new legislation documents represent popular measures by 

governments, it is important to acknowledge that the new measures have to be properly 

enforced in order to make them effective (Ingenbleek, Immink, Spoolder, Bokma & Keeling, 

2012). For this reason, considering the development of indicators for legislative purposes,  

an adequate choice of feasible indicators has to be pursued. 

Even considering what was mentioned in terms of legislative requirements, animal welfare 

enforcement has been done mainly by non-state actors like different retailers, non- 

-governmental organizations and industries (Dalla Villa et al., 2014; Veissier et al., 2008).  

As discussed by Blokhuis et al. (2008) retailers and farmers have recognized that to meet 

consumers’ demands in terms of animal welfare they should incorporate strategies into their 

business to enhance and be transparent regarding the welfare status of animals providing 

their products. The enforcement of these rules has been done by an array of methods, 

namely, different non-mandatory welfare codes and guidelines, information and education 

programmes, assurance programmes of corporate customers and their associations,  

and product differentiation through certification and labelling programmes (Fraser, 2006; 

Ingenbleek et al., 2012; Main et al., 2001). Examples of these market-based instruments are 

Globalgap, Label Rouge  EU label, Free Range, Freedom Food, Whole foods (Ingenbleek et 

al., 2012; Main et al., 2001). There are many cases where policies implemented by non-state 

actors are even stricter that national or European legislation, with the specific aim of 

targeting a consumer market niche, or protecting a geographically specific market (Veissier  

et al., 2008). Certification schemes are based on formal requirements that farmers have to 

fulfil. It is important to remember that farmers are usually motivated to keep the standards 

and engage in these schemes, as there is a strong advising and management component 

(Main et al., 2001). Therefore it is reasonable to expect farmers collaboration when applying 

different protocols. 

Welfare assessment schemes for advisory purposes, by which the farmer receives feedback 

regarding risk factors and advice regarding improvement of welfare standards, usually have 

fewer time restrictions, as it is expected that the information gained will deliver some 

financial benefit to the farmer. Therefore, a higher level of complexity can be expected. 

However, a long and complex protocol will require a lot of time from the assessor, which will 

make the certification scheme more expensive (Main et al., 2001). In this view, these types  

of assessment constraints are close to those suggested for the legislative systems.  

                                                             
13 For further discussion on this issue, see sub-chapter 3.2. 
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It is fair to say that there is a large degree of interrelationships between these types of 

assessment tools; therefore they often share common grounds. For example, they all should 

include given psychometric proprieties, but also be implemented on-farm by assessors with  

a varying degree of training, respect time constraints and sensitive in the sense that they can 

point to the causes of impaired welfare (Waiblinger et al., 2001). 

In this introduction, aggregation methods of all the different indicators into one assessment 

protocol are not going to be detailed, as it is not the aim of this research thesis to develop an 

overall protocol to assess welfare. However, it is important to mention the general 

characteristics an aggregation method should have, so as to have these in mind when 

developing related studies. Moreover, it is important to consider the challenge that is to 

assign weights to each criterion within a protocol and how this weight assigning it is not 

merely a technical process, as it also takes into account ethical assumptions and societal 

concerns and values (Sandøe et al., 1997; Spoolder et al., 2003). Science has the 

responsability to formalise judgments made by societal groups (Botreau, Bracke, et al., 

2007). The integration method needs to be clear in the sense that it can be easily explained to 

stakeholders and it has to be repeatable in a way users trust their results and are encouraged 

to improve animal welfare (Botreau, Bonde, et al., 2007). Additionally, the method should be 

feasible to be able to be used routinely on large number of animal units (Botreau, Bonde,  

et al., 2007). 

 

4.3.1 The AWIN protocol 

Accordingly to the issues already described above and considering that the AWIN project 

aimed to fill a gap in welfare assessment of dairy goats both at the legislative and certification 

or advisory level, a two level approach was adopted for the development of the AWIN welfare 

assessment protocol for dairy goats. In a first level, the protocol conducts a quick screening, 

consisting of a selection of 12 robust, feasible, and, in some cases, multi-criteria animal-based 

indicators (e.g., queuing at feeding, hair coat condition, lameness), covering all the principles 

and criteria developed by Welfare Quality (see Table 1).  All indicators are animal-based, 

except for bedding. Detailed information on description, assessment and method of scoring 

of each indicator can be found in the AWIN welfare assessment protocol for goats (AWIN, 

2015). In this first level, indicators are collected and recorded as group data and individual 

restraint of the animals is not required. Also, in this level only one pen has to be assessed.  

In order to increase the sensitivity of the assessment, the pen considered as presenting the 

potentially greatest risk for welfare is to be selected. 

Whenever there is a noncompliance with the current legislation, or the within-farm 

proportion of animals with no signs of the most important or prevalent welfare problems 

(abscesses, improper disbudding, poor hair coat condition, severe lameness, queuing at 
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feeding, queuing at drinking) is lower than the proportion of animals observed in the worst 

5% of the farms of the reference population, or when no goats touch the assessor during the 

300 s of the “latency to the first contact test”, the second level assessment is applied.  

This second level consists of a more comprehensive and in depth assessment that requires 

individual assessment, but still keeping feasibility especially by ensuring that it is conducted 

in a reasonable amount of time. In this second level, 18 indicators are evaluated and, if more 

than one pen is present, additional pens should be evaluated.  

For the evaluation of indicators on individual animals, goats need to be restrained and 

handled, the choice of where to assess the animals should be agreed with the farmer.  

The individual selection of the animals follows a sampling scheme developed by the project 

and presented in detail in the species protocol (AWIN, 2015). 

The outcome of the assessment is presented as the proportion of animals that do not 

present welfare problems. An objective descriptive output is generated, where all the 

indicators (except for Qualitative Behaviour Assessment) are shown. The position of the 

assessed farm is compared to the median value of the reference population, with all data 

used to calculate the proportion of each indicator being weighted according to the number 

of goats on the farm.  

The main aim of this thesis was not the development of the dairy goat welfare protocol,  

for this reason we only presented a brief but necessary description to understand the options 

undertaken during the development of the indicators, as detailed in Part II of this thesis.  
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Dairy goat production  

 

 
Chapter 5 presents some facts and figures that sustain the growing importance attributed  

to intensive dairy goat production, justifying the focus that is given in this research to this 

production system.  

 

 

 

 

The domesticated goat (Capra hircus) can be found throughout the world, except for the 

polar regions (Webster, 2011). According to Food and Agriculture Organization of the United 

Nations the largest number of goats in the world is present in developing countries, with Asia 

(59.4%) and Africa (35%) leading the list, and Europe having only 1.6% of world goat 

population (Food and Agriculture Organization of the United Nations [FAO]; 2015). 

However, even considering Europe’s small goat population (16.5 million), it detains the most 

organized programs for selection, processing and commercialization of goat milk, producing 

13.2% of world’s goat milk (Castel, Ruiz, Mena & Sánchez-Rodríguez, 2010; Dubeuf, 2010). 

Dairy goat farming is of paramount importance to the economies of the Mediterranean 

countries, like, France, Greece, Italy, Portugal, and Spain (Escareño et al., 2013; Pirisi, Lauret 

& Dubeuf, 2007).  

In the last decade the goat population in Europe has diminished 2.5%, although the milk 

production has increased (Boyazoglu et al., 2005; Castel et al., 2010). This is especially due to 

production in countries like France and Spain where the number of goats has increased 

(3.4%, and 8.8% respectively), accompanied by an increase in milk production of 23.5%  

in France and 15.8% in Spain. These increases are mainly attributed to improvements in farm 

management, genetic improvements and technological advances (Castel et al., 2010).  

In 2011 the European Commission published a study on the impact of the Common 

Agricultural Policy on the sheep and goat sector. In this report it was identified that there is 

tendency for the concentration of animals in fewer and larger farms, accompanied by an 

increase of milk production (European Commission, 2011).  

In Portugal the latest statistics available are from 2013 and present a total of 398 thousand 

goats, distributed mainly in Alentejo, Centre and North inland regions (Instituto Nacional  

de Estatística, 2015). The generality of farms are small with an average of 12 goats per farm, 
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however, the farms with less than 10 animals are decreasing, whilst the number of farms with 

more than 100 goats is increasing (Instituto Nacional de Estatística, 2011). Furthermore, this 

last category of farms concentrated 41% of the total goat population in 2009, while ten years 

before it only congregated 34% (Instituto Nacional de Estatística, 2011), which emphasizes 

the changes in farm practices. Accordingly to DGAV (DGAV; personal communication, 2015) 

there are 269 farms considered to be under intensive production, with a total of 52 199 goats.  

In Portugal the goat population is more meat than dairy oriented, with the dairy goat sector 

population (n=149,000) representing around 35% of the total population and 36% of the 

farms (Instituto Nacional de Estatística, 2011). In these over 30 million litres were produced 

in 2012 (FAO, 2015). Changes in husbandry condition, towards a more intensive systems, 

may have some impact on health and welfare. However, goats are active and inquisitive 

animals, that seem to have adapted very well to these relatively new systems found on the 

developed world (Webster, 2011). 

Compared with the media attention given to other farm animals, such as cattle, poultry,  

or pigs, goats’ welfare have been disregarded by the general public as they are still associated 

with mountain living and extensive systems, and recognized by their several adaptation 

mechanisms to harsh environments, therefore being kept out of close scrutiny (Caroprese et 

al., 2009). Maybe as a result of this there has been much less research on goats than in other 

production species (Dubeuf, Morand-Fehr & Rubino, 2004). However, the overall 

recognition of this long-underestimated species has developed, enhancing its importance in 

the production sector (Boyazoglu et al., 2005; Morand-Fehr et al., 2004). This increase in 

importance has been accompanied by a financial compensation with the price of goat milk 

being higher when compared to dairy cows milk (Boyazoglu et al., 2005). For these reasons it 

is vital to keep the positive image that the goat sector has maintained during the years 

(Boyazoglu et al., 2005). Keeping an idea of good welfare associated with this production 

system is therefore extremely important.  

The research on goat welfare has been focusing on few particular aspects of welfare  

(e.g., studies on lameness (Christodoulopoulos, 2009; Eze, 2002), udder health 

(Mavrogianni, Menzies, Fragkou & Fthenakis, 2011; Mavrogianni, Alexopoulos & Fthenakis, 

2004), and avoidance distance tests (Mattiello et al., 2010). However, other researchers have 

also aimed to review several issues that may be useful to develop on-farm welfare monitoring 

systems for small ruminants (Caroprese et al., 2009), or establish protocols for assessing and 

monitoring the overall welfare of farmed dairy goats (Anzuino, Bell, Bazeley & Nicol, 2010; 

Muri, Stubsjoen & Valle, 2013).  

A recent study has investigated the effects of a disease eradication programme by means  

of an on-farm welfare assessment protocol, proving how this protocol could evaluate the 

benefits of such programme in terms of animal welfare (Muri, Leine & Valle, 2015). Despite 



PART I 

 37 

this there are no official on-farm protocols for dairy or meat goats’ welfare assessment,  

as there is no specific EU legislation that only considers the welfare of goats. 

  



CHAPTER 5 | DAIRY GOAT PRODUCTION 

38 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Applied research on development and 

integration of animal-based indicators 
 

Part II covers all the research conducted during this thesis. It starts by  

a literature review on goat animal-based welfare indicators that may  

be suitable for on-farm welfare assessment, and that is therefore relevant 

for this thesis. Then it explores the research developed for the development 

of body condition score and lameness as valid, reliable and feasible animal- 

-based welfare indicators. Finally, it presents the results of the application 

of the protocol prototype developed within the AWIN project on 30 dairy  

at farms in Portugal. 

 

  



CHAPTER 3 | ANIMAL WELFARE - MEASUREMENT 

40 

 



 

PART II 

 41 

 
Invited review: Animal-based indicators for 
on-farm welfare assessment for dairy goats 

 
More than focusing on some aspects of animal-based indicators for goat welfare that have been 

widely studied, or in the clinical description of the indicators, chapter 6 discusses indicators that 

need to be further developed in order to be integrated in a welfare assessment protocol. Moreover, 

this chapter highlights some indicators that require further research in terms of validity, reliability, 

or feasibility; justifying the work developed in this thesis.  

 

This chapter has been published as: Battini, M., Vieira, A., Barbieri, S., Ajuda, I., Stilwell, G.  

& Mattiello, S. (2014). Invited review: Animal-based indicators for on-farm welfare assessment for 

dairy goats. Journal of Dairy Science, 97(11), 6625-6648. http://dx.doi.org/ 10.3168/jds.2013-

7493.  
 

A. Vieira contribution focused mainly on reviewing and drafting the manuscript on some of the 

published indicators that were classified according to the welfare principles “good feeding”, “good 

housing”, and “good health”. Articles reviewed were thoroughly analysed to extract information on 

animal-based indicators' validity, reliability, and on-farm feasibility.  

 

 

This paper reviews animal-based welfare indicators in order to develop a valid, reliable and 

feasible on-farm welfare assessment protocol for dairy goats. The indicators were considered in 

the light of the four accepted principles (good feeding, good housing, good health, appropriate 

behaviour) subdivided into the 12 criteria developed by European Welfare Quality program.  

We will only examine the practical indicators to be used on-farm, excluding those requiring the 

use of specific instruments or laboratory analysis and those that are recorded at the 

slaughterhouse. Body condition score, hair coat condition and queuing at the feed barrier or at 

the drinker seem the most promising indicators for the assessment of the “good feeding” 

principle. As to “good housing”, some indicators were considered promising for assessing 

“comfort around resting” (e.g., resting in contact with a wall) or “thermal comfort” (e.g., panting 

score for the detection of heat stress and shivering score for the detection of cold stress). Several 

indicators related to “good health”, such as lameness, claw overgrowth, presence of external 

abscesses and hair coat condition, were identified. As to the “appropriate behaviour” principle, 

different criteria have been identified: agonistic behaviour is largely used as the “expression of 

social behaviour” criterion, but it is often not feasible for on-farm assessment. Latency to first 

contact and the avoidance distance test can be used as criteria for assessing the quality of the 
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human-animal relationship. Qualitative behaviour assessment seems to be a promising indicator 

for addressing the “positive emotional state” criterion. Promising indicators were identified for 

most of the considered criteria; however, no valid indicator has been identified for “expression of 

other behaviours”. Interobserver reliability has rarely been assessed and warrants further 

attention; in contrast, short-term intraobserver reliability is frequently assessed, and some 

studies consider mid- and long-term reliability. The feasibility of most of the reviewed indicators 

in commercial farms still needs to be carefully evaluated, as several studies were performed 

under experimental conditions. Our review highlights some aspects of goat welfare that have 

been widely studied, but some indicators need to be investigated further and drafted before being 

included in a valid, reliable and feasible welfare assessment protocol. The indicators selected and 

examined may be an invaluable starting point for the development of an on-farm welfare 

assessment protocol for dairy goats. 

 

6.1 INTRODUCTION 
Consumer demand for assurance schemes of high quality animal products, in terms of health, 

safety and respect of animal welfare, has been increasing over the last few decades.  

In response to this demand, the assessment of animal welfare at farm level has become one of 

the most debated issues in the field of animal husbandry. This topic has been widely 

discussed at the international level, and species-specific protocols for on-farm welfare 

assessment are presently a major concern worldwide and for the European Union (EU) 

agricultural policy (Blokhuis et al., 2013). 

Welfare assessment requires a multidimensional approach (Mason & Mendl, 1993), 

corresponding to a multi-criteria evaluation issue, and it should aim at determining the 

actual welfare of animals, including both physical and mental state (EFSA, 2012). Different 

indicators need to be included in efficient welfare assessment schemes, as all are important 

and they cannot compensate for each other (Blokhuis et al., 2010).  

In 2008, the EU Welfare Quality project re-elaborated the concept of the “Five Freedoms”  

of animals (Brambell Committee, 1965) and defined four main areas of animal needs 

(“Welfare Principles”), which were then split into twelve independent criteria (Blokhuis et al., 

2010; Rushen et al., 2011), each of which corresponded to a key welfare question. Welfare 

principles and criteria are as follows: 

1. Good feeding: absence of prolonged hunger, absence of prolonged thirst; 

2. Good housing: comfort around resting, thermal comfort, ease of movement; 

3. Good health: absence of injuries, absence of disease, absence of pain induced  

by management procedures; 

4. Appropriate behaviour: expression of social behaviours, expression of other 

behaviours, good human-animal relationship, positive emotional state. 
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Each criterion includes specific indicators that may be used to assess each component of 

welfare (Rushen et al., 2011). Although the same indicator may provide information related 

to different welfare concerns, criteria are independent of each other and form a basic but 

complete list (Blokhuis et al., 2010). 

Two broad categories of indicators can be used to assess animal welfare at farm level: animal- 

-based and resource-based indicators (Main et al., 2003). The need to focus on animal-based 

emerged clearly from the EU Welfare Quality project (Blokhuis et al., 2010); however,  

few available indicators are centered directly on the animals (Johnsen et al., 2001), and they 

rarely target small ruminants. A recent review on the monitoring of on-farm welfare in small 

ruminants points out only a few animal-based candidate indicators and most of them deal 

with sheep (Caroprese et al., 2009). Resource-based indicators have been more frequently 

adopted in welfare assessment protocols, because measurements taken are usually quick and 

easy [e.g., the Animal Needs Index TGI 35L developed by Bartussek (1999) for several 

species]. Nevertheless, good management and environmental resources do not necessarily 

result in a high standard of welfare (Winckler, 2006). An animal-based approach seems more 

appropriate for measuring the actual welfare state of the animals. This represents  

a considerable change in perspective, a shift from a scheme that mainly measured 

environmental aspects (which may show a high variation from country to country due to 

different housing and management conditions) towards one that measures the way in which 

the animal itself responds to such an environment (EFSA, 2012). Furthermore, individuals 

with different genetic backgrounds (e.g., different breeds) may, in fact, respond differently to 

the same environment. Although specific examples for goats are not currently available, this 

has been observed in other ruminant species. For example, in dairy cattle, Mattiello et al. 

(2011) pointed out that individuals with different genetic backgrounds showed different 

levels of welfare under similar environmental conditions. This supports the decision to focus 

mainly on animal-based indicators rather than exclusively on resource-based ones.  

The aim of this paper was to review promising animal-based indicators that could be used to 

set up a valid, reliable, feasible, and practical on-farm welfare assessment protocol for dairy 

goats, centered on the evaluation of lactating animals. 

 

6.2 METHODOLOGY 
This review is part of the Animal Welfare Indicators (AWIN) integrated 7FP project, funded 

by the European Commission, which is aimed at developing practical on-farm welfare 

assessment protocols for several species, including goats. Studies carried out for pinpointing 

animal-based indicators to be included in the protocols are still underway. 
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A review of the scientific literature to date was the starting point for identifying promising 

indicators. Databases (Web of Science, CAB Abstracts, PubMed and Scopus) were searched 

for English language studies addressing animal-based goat welfare indicators as of (and 

including) 1990. Key words such as “welfare”, “measure”, “indicator”, “assessment”, 

“disease”, “pain”, “human-animal relationship”, “body condition”, and “lameness” were used 

as major descriptors combined with “goat” or “small ruminant”. Most of the reviewed 

literature dealt with dairy goats; however, although lactating dairy goats are our main target, 

papers considering other productive categories (e.g., kids, dry goats) and goats farmed for 

different purposes, or even other species, were taken into account wherever they provided 

evidence to support the use of indicators that could be included in an on-farm welfare 

assessment protocol for lactating dairy goats.  

In this review, we refer specifically to the most widespread management system for dairy 

goats in Europe and North America, which consists of intensive housing systems where goats 

are kept indoors, with occasional access to pasture on some farms. In these systems, dairy 

goats are usually housed on straw litter, receive a total mixed ration or forage (mainly hay) 

and concentrate feed once or twice per day, and are milked twice a day in a milking parlour. 

Kids are usually separated from their mothers after birth. 

We excluded indicators that focus exclusively on resources and management, as well as 

animal-based indicators that require further laboratory analysis (e.g., metabolic profiling), 

may be time-consuming (e.g., observations performed by video-recording), or may require 

the use of specific instruments (e.g., stethoscope, thermometer, heart rate monitor,  

or automatic devices to record behaviour; Desnoyers, Béchet, Duvaux-Ponter, Morand-Fehr 

& Giger-Reverdin, 2009; Mononen et al., 2012). We also excluded indicators that could only 

be recorded at the slaughterhouse. 

In addition, we did not include routinely collected herd data, such as milk production and 

composition or fertility indexes, although we acknowledge their potential importance in 

assessing animal welfare. These data are often already available in national databases, 

especially for dairy cows. Their potential value in estimating animal welfare is recognized, 

even if only as a pre-screening tool. In real terms, in dairy cows, such data would seem to 

indicate a high prevalence of herds with apparent welfare problems, which is not always the 

case and needs to be confirmed by on-farm assessment (de Vries et al., 2014). 

All selected published indicators were classified according to the four principles and 12 

criteria of Welfare Quality assessment protocols (Welfare Quality, 2009a, 2009b).  

Some indicators (e.g., body condition score and hair coat condition) seemed promising for 

providing information on more than one criterion. In those cases, validity is discussed in 

relation to each pertinent criterion.  
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Promising indicators are summarized in tables, including information on animal category, 

housing, sample size, validity, reliability and on-farm feasibility. The latter three attributes 

(see definitions in Table 2) for each potential indicator were previously discussed and agreed 

upon by a group of experts on goat welfare during a meeting of the AWIN project, held in 

Milan (Italy) in November 2011.  

 

Table 2. Definitions of attributes (validity, reliability and feasibility) used to identify 

potential promising welfare indicators in adult dairy goats 

 Definition Reference 

Validity The relation between a variable and what it is supposed to measure or 
predict. Criterion-related validity picks one or more criteria or standards 
for evaluating a scale, such as a predictive or a concurrent measure. 

Acock, 2008 

 Predictive validity Ability of an indicator to predict some later criterion, 
such as a state of disease, or hunger, or discomfort, 
and so on. 

Kamphaus & 
Frick, 2005 

 Concurrent 
validity 

Significant correlation between an indicator and other 
measures to which it is theoretically related (i.e., gold 
standard). 

Kamphaus & 
Frick, 2005 

Reliability The extent to which a measurement is repeatable and consistent. 
Martin & 
Bateson, 
2007 

 Intraobserver 
reliability 

The agreement between successive observations of the 
same individual or group by a single observer, based 
on statistical significance of correlations (p < 0.05) or 
to Kendall's Coefficient of Concordance (> 0.7). 
According to time between measurements, reliability 
may be classified in short-(1-7 days), medium-(1 week 
– 1 month), or long-term reliability (> 1 month). 

 

 Interobserver 
reliability 

The agreement between different observers during a 
simultaneous observation, based on statistical 
significance of correlations (p < 0.05) or to Kendall's 
Coefficient of Concordance (> 0.7). 

 

On-farm 
feasibility 

The practical chance of using the indicators during on-farm inspection. It 
considers several constraints. 

Knierim & 
Winckler, 
2009  

 Time constraints Our survey among the stakeholders pointed out that a 
maximum acceptable time for a welfare protocol on-
farm should be less than 2 h/farm and less than 5 
min/animal. Depending on the number of indicators 
to be collected, the maximum time that can be spent 
for each indicator may vary; however, we considered 
feasible the indicators with an estimated duration < 
30 min for a pen and of <1 min/animal for individual 
assessments. Indicators should not require to be 
further processed after collection (e.g., for laboratory 
analysis). 
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Table 2. (continuation) 

 Cost The indicator should not be expensive (e.g., in terms of 
specific equipment, consumables or laboratory costs). 

 

 Actual possibility 
to perform on 
commercial farms 
and stakeholders’ 
and farmers’ 
acceptability 

The indicator should not require more than one 
person to be collected, should not require to alter the 
farm routine (e.g., moving animals out of the pen, or 
altering feeding or milking time, etc.), should not 
require a specific location to be recorded, should not 
cause stress to the animals (e.g., isolation, fear), 
should not require individual identification of the 
animals, should be easily recorded on all animals or 
on a representative sample of animals. 

 

 

As AWIN’s aim is to have a high level of acceptability from the stakeholders in the 

development of protocols, stakeholder opinion was also taken into account in the drafting of 

promising indicators. Opinions were collected in different ways: a link to an online survey 

(translated into 5 languages) was available for 15 months on the AWIN project website and 

other institutional sites (e.g., Food and Agricultural Organization of the United Nations;  

two stakeholder meetings were organized (one in Italy and one in Portugal) and attendees 

were asked to complete a questionnaire. Thirty-eight individuals from different European 

and non-European countries (e.g., Italy, Spain, Portugal, United Kingdom, United States, 

Brazil, Mexico, and Australia) answered our online survey, whereas 21 out of 40 people 

surveyed in Italy, and 11 out of 21 people surveyed in Portugal responded to the questionnaire 

during the stakeholder meetings. Both the online survey and questionnaire involved 

veterinarians, farmers, technicians, and advisors. The results of these interviews are reported 

in the text, when appropriate. 

Only the most promising animal-based indicators (in terms of validity, reliability and 

feasibility) will be explained and discussed further. 

 

6.3 GOOD FEEDING PRINCIPLE 
The good feeding principle considers criteria related to the absence of prolonged hunger and 

of prolonged thirst by ready access to adequate diet and fresh water so as to maintain full 

health and vigour. All the indicators for these criteria are presented in Table 3. 
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Table 3. Animal-based indicators for assessing good feeding, excluding physiological 

measurements in dairy goats 

Animal-based welfare indicator 
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Ab
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ed

 h
un

ge
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Body condition score 
A F C 1,520 O - - Y Anzuino et al., 2010 

J M E 60 Y L - Y McGregor & Butler, 2008 

Queuing (at the feed 
barrier) A F E 48 Y S - N Jørgensen et al., 2007 

Displacements 
(at the feed barrier) 

A F E 48 Y S - Y Jørgensen et al., 2007 

K F/M E 30 Y M - Y Van et al., 2007 

A/J F E 70 Y L - N Aschwanden et al., 
2009b 

K . E 13 - - - N Mazurek et al., 2005 

Hair coat condition A F E 48 - - - Y Battini et al., 2013 

Anal soiling A F C 1,520 - - - Y Anzuino et al., 2010 

Feeding (simultaneously) A/J F E 96 Y M - N Aschwanden  et al., 
2009a 

Agonistic interactions 
(with physical contact) 

A/J F E 96 Y M - N Aschwanden et al., 
2009a 

A/J F E 70 N L - N Aschwanden et al., 
2009b 

K F/M E 30 Y M - N Van et al., 2007 

A F E 48 Y S - Y Jørgensen et al., 2007 

Agonistic interactions 
(without physical contact) 

A F E 48 N S - Y Jørgensen et al., 2007 

K F/M E 30 Y M - Y Van et al., 2007 

Feeding bouts (duration) A/J F E 70 Y L - N Aschwanden et al.,2009b 

Feeding (duration) 
A F E 48 Y S - N Jørgensen et al., 2007 

K . E 13 - - - N Mazurek et al., 2005 

First feeding-place 
change (latency) A/J F E 96 Y M - N Aschwanden et al., 

2009a 

Feeding-place 
changes (frequency) A/J F E 96 Y M - N Aschwanden et al., 

2009a 

Feeding at night (duration) A/J F E 70 N L - N Aschwanden et al., 
2009b 

Standing/walking A F E 48 N S - N Jørgensen et al., 2007 

Lying A F E 48 Y S - N Jørgensen et al., 2007 
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Table 3. (continuation) 

Ab
se

nc
e 

of
 p

ro
lo

ng
ed

 th
ir

st
 Queuing 

(at the drinker, duration) A F E 30 Y S - N Ehrlenbruch et al., 2010b 

Displacements 
(at the drinker, frequency) A F E 30 Y S - N Ehrlenbruch et al., 2010b 

Drinking (duration) 

A F E 30 Y S - N Ehrlenbruch et al., 2010b 

A F E 30 N S - N Ehrlenbruch et al., 2010b 

A F/M E 14 N S/L - N Ogebe et al., 1996 

Drinking (frequency) 
A F E 30 Y S - N Ehrlenbruch et al., 2010b 

A F/M E 14 N S/L - N Ogebe et al., 1996 
1 Age class: A = adult (>6 months); J = juvenile (3-6 months); K = kid (<3 months).  
2 Sex: M =male; F = female;  -  = information not available.  
3 Housing system: C = commercial farm, E = experimental farm. 
4 Validity, intraobserver and interobserver reliability, on-farm feasibility: Y = tested and valid or 
reliable or feasible; N = tested but not valid or not reliable or not feasible;  -  = not tested; O = validity 
assessed in other species; S = short-term reliability; M = mid-term reliability; L = long-term reliability. 
 

Absence of Prolonged Hunger 

Changes in the nutritional status of the animals have a substantial impact on the animal’s 

health, welfare, and hence on production. Body condition scoring (BCS) is a method for 

subjective assessment of the nutritional status of farm animals based on the estimation of 

their body fat. It is considered a valid welfare indicator in many species: cattle (Welfare 

Quality, 2009a, 2009b; Winckler et al., 2003), buffalo (De Rosa et al., 2009; Winckler et al., 

2003), sheep (Phythian et al., 2011; Russel, Doney & Gunn, 1969), and goats (Anzuino et al., 

2010; McGregor & Butler, 2008; Santucci et al., 1991). Its concurrent validity has been 

confirmed by Russel et al. (1969) and Santucci et al. (1991), who found that BCS is a good 

predictor of fat deposits and is highly correlated with carcass fat content. Santucci et al. 

(1991) also found a significant correlation between body fat content assessed by BCS and 

fertility, with goats in lower levels of BCS having delays in conception. McGregor and Butler 

(2008) observed a correlation between BCS and mortality, finding that in cold weather 

conditions, mortality increased rapidly when the BCS of goats was < 2.0 (5-point scale).  

A wide range of BCS systems have been developed and used for research purposes and 

practical monitoring on commercial farms. The main distinctions among systems are 

whether they are merely visual or require palpation (or both), and whether the animal is 

assessed as a whole or separate scores are given for different anatomical regions, which are 

then summarized or adjusted to give a whole animal score (as reviewed by Leach, Knierim & 

Whay, 2009). The assessment of all the reviewed welfare indicators always requires specific 

training; however, BCS assessment in goats is particularly challenging without specific 

training and previous experience, because these animals generally have important visceral 

and internal fat deposits rather than subcutaneous fat (McGregor & Butler, 2008). McGregor 

and Butler (2008) applied a BCS based on 5-point scale (from 1 to 5) identical to that 
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described by Jefferies (1961) for sheep, whereas Santucci et al. (1991) proposed a 6-point 

scale (from 0 to 5). However, the purpose of including BCS in on-farm welfare assessment 

schemes is to identify animals that are either too thin or too fat; hence, the scoring system 

does not need to be extremely detailed. For example, in the welfare protocols for cattle set up 

by Welfare Quality (2009a), only three BCS levels were adopted. This reasoning was followed 

by Anzuino et al. (2010), who also divided goats into obviously thin and obviously fat 

animals, differentiating animals by visual appraisal; however, we have no evidence of the 

validity of this simplified approach. Until now, BCS on goats has been assessed only by 

palpation, because this seems the most reliable method. However, this procedure requires 

goats to be individually restrained for palpation, and this is not always feasible in a short time 

span, especially on large farms. The development of a reliable visual method to highlight 

animals in extreme nutritional conditions (i.e., too thin or too fat) from outside the pen 

would be useful to reduce the time required, thus increasing feasibility. 

Behaviour and social interaction during feeding time can be good indicators to evaluate the 

absence of prolonged hunger. When given the opportunity (e.g., ad libitum feed distribution), 

goats may eat up to seven to 10 h/day (Ferreira et al., 2013): they generally feed during two 

long periods (four hours each; early and late in the daytime), with several small meals  

in between. On intensive dairy farms, goats usually receive restricted feed twice a day 

(Görgülü et al., 2008). This management procedure may alter nutritional condition (e.g., 

reduction in feed intake; Görgülü et al., 2008) and behavioural patterns (e.g., coping 

strategy; Görgülü et al., 2008; Jørgensen, Andersen & Bøe, 2007). Feed can be a limited 

resource because the amount of feed is restricted, or because the feed type and composition 

are not appropriate (e.g., the roughage:concentrate ratio is too low, therefore feed is 

consumed very quickly and competition is increased), or because feeding space is not 

accessible for all individuals in the group at the same time (Görgülü et al., 2008; Jørgensen  

et al., 2007). In a competitive environment, such as on intensive or semi-intensive dairy 

farms, these problems can be partly overcome by adopting a coping strategy that consists of 

consuming the feed at different times of the day to optimize access to the feed trough 

(Jørgensen et al., 2007; Shinde, Verma & Singh, 2004). However, under these competitive 

circumstances, low-ranking goats may have access to lower quality feed and may experience  

a negative emotional state similar to the frustration caused by the time spent queuing at the 

feed trough. Carbonaro, Friend, Dellmeier & Nuti (1992) have documented frustration 

related to food thwarting in dairy goats, confirming that frustration may elicit physiological 

alterations (e.g., an increase of norepinephrine) and behavioural reactions (e.g., pawing, head 

movements, rearing). 

Queuing animals at the feeding rack may be a promising indicator, as this behaviour is 

exacerbated by the increasing number of goats per feeding place (Jørgensen et al., 2007), 
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thus confirming its predictive validity. However, the use of 24-h video-recording adopted by 

Jørgensen et al. (2007) is not feasible for an on-farm welfare evaluation protocol; hence, 

different observation strategies need to be explored (e.g., direct data collection per 

segment/pen in a predetermined timeframe, as already adopted in a dairy cow protocol; 

Laister et al., 2009). Although goats usually prefer to adopt the queuing strategy to cope with 

reduced access to feed, displacements also proved to be a valid indicator in assessing absence 

of prolonged hunger in both adult female goats (Aschwanden, Gygax, Wechsler & Keil, 

2009b; Jørgensen et al., 2007) and kids (Van, Mui & Ledin, 2007), as well as in other species, 

such as pigs and cattle (Nielsen, Lawrence & Whittemore, 1995; Olofsson, 1999). The number 

of displacements may increase not only in response to a competitive environment 

(Aschwanden et al., 2009b; Jørgensen et al., 2007; Van et al., 2007), but also in response to 

feed composition and hence feed preferences (e.g., hay vs silage, Jørgensen et al., 2007; 

jackfruit vs concentrate; Van et al., 2007).  

Some researchers suggest that hair coat condition can be used as a first warning of a goat’s 

nutritional status and health (Lengarite, Mbugua, Gachuiri & Kabuage, 2012; Sarkar et al., 

2010; Smith & Sherman, 2009a; Veit, McCarthy, Friedericks, Cashin & Angert, 1992); this 

concept was widely accepted by farmers and technicians. Recent research seems to confirm 

that this indicator can be valid and practical for on-farm welfare assessment, as goats with 

rough or scurfy hair can be easily identified and present a very low BCS (Battini et al., 2013). 

Anal soiling is another interesting indicator of good feeding, as it reflects problems with 

nutrition and digestion (Grove-White, 2004); namely, ruminal acidosis (Braun, Rihs & 

Schefer, 1992). The validity of this indicator has never been assessed in goats, but it is 

accepted and used in cattle (Leach, Knierim & Whay, 2009). It is considered a feasible 

indicator for goats (Anzuino et al., 2010); however, it is difficult to assess it in the pen and 

might be best recorded in the milking parlour. 

Jørgensen et al. (2007) consider the video-recorded 24-h time budget of general activity 

behaviours - feeding, walking, standing and lying - in relation to hunger (Table 3).  

Their results confirm the validity of feeding time (that significantly decreased when the 

number of goats per feeding place increased) but not of the other behaviours considered. 

Furthermore, a prolonged observation time is required in order to obtain a reliable figure  

of the time budget (Martin & Bateson, 2007), which reduces its on-farm feasibility. 

Feed intake (difference between weight of daily offered feed and weight of residues)  

is another valid indicator of the absence of prolonged hunger, as it can be reduced by 

insufficient space availability (Jørgensen et al., 2007). However, this indicator is not 

measured directly on the animals, is time consuming (in terms of time required to weight the 

residual roughage), and therefore not feasible for our purposs. 
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Absence of Prolonged Thirst 

Available literature sources give scarce indication as to animal-based indicators for 

evaluating the absence of prolonged thirst. Ready access to fresh water is important to 

maintain full health and vigour; welfare can be compromised if animals cannot drink 

whenever they feel the need to, either because fresh water is not available or because of 

competition with other goats. Continuous and prolonged lack of access to fresh water may 

eventually lead to chronic dehydration, especially during the hot periods (Darcan, Cedden & 

Cankaya, 2007; Ogebe, Ogunmodede & McDowell, 1996). 

As mentioned before, although goats may adopt coping strategies in competitive 

environments (e.g., intensive farms; Ehrlenbruch, Pollen, Andersen & Bøe, 2010; Jørgensen 

et al., 2007), which may lead to change in social behaviours, they mainly prefer drinking 

around feeding time (Rossi & Scharrer, 1992). This behaviour is generally socially facilitated 

(Forkman, 1996) and quite synchronized (Rook & Penning, 1991). Reduced possibility of 

simultaneous drinking can lead to decreased drinking time and hence lower water intake 

(Ogebe et al., 1996; Van et al., 2007). Queuing animals and displacements at the drinkers 

may be used to detect animals suffering from thirst. During a 2-h video-recording, 

Ehrlenbruch et al. (2010b) found increased agonistic behaviour and queuing when the ratio 

of nipples to goats was less than 1:15, a situation that may occasionally occur on commercial 

farms. As already stated, the use of cameras is not feasible for practical on-farm use, because 

it requires additional time to analyse the recorded information; therefore, other more feasible 

observation strategies should be identified to collect data regarding these indicators.  

A possible suggestion may be to concentrate direct observations on queuing animals and 

displacements at the drinkers within a short time after feeding (Rossi & Scharrer, 1992), 

making use of suitable observation strategies that need to be specifically validated for this 

aim. Other indicators used in previous studies to detect water deficiencies (e.g., respiratory 

rate, rectal temperature, body mass, daily outputs of urine and faeces, haematocrit values 

and plasma volume; Rahardja, Toleng & Lestari, 2011; Al-Ramamneh, Riek & Gerken, 2012)  

are not feasible for on-farm welfare evaluation, because they require further laboratory 

analysis or the use of specific instruments. However, they can be useful for validating other, 

more feasible, indicators. 

 

6.4 GOOD HOUSING PRINCIPLE 
This principle involves criteria related to farm structures and housing conditions. All the 

reviewed indicators for these welfare criteria are presented in Table 4. 
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Table 4. Animal-based indicators for assessing good housing, excluding physiological 

measurements, in dairy goats 

Animal-based welfare indicator 
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Co
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ro

un
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Resting (in contact with wall) 

A F E 24 Y S - Y Andersen & Bøe, 
2007 

A F E 24 Y S - Y Ehrlenbruch et al., 
2010a 

A F C 40 N M - Y Loretz et al., 2004 

Resting (in contact with other 
goats) 

A F E 24 N S - N Andersen & Bøe, 
2007 

A F C 40 N M - N Loretz et al., 2004 

A F E 24 N S - N Ehrlenbruch et al., 
2010a 

Resting (synchronously) A F E 24 N S - N Andersen & Bøe, 
2007 

Resting (duration) 
A/J F E 70 N L - N Aschwanden et al., 

2009b 

A F C 40 Y M - N Loretz et al., 2004 

Resting (in the activity area) A F E 24 N S - N Andersen & Bøe, 
2007 

Cleanliness A F C 1,520 O - - Y Anzuino et al., 2010 

Average distance (between lying 
animals) A F C 40 N M - N Loretz et al., 2004 

Nosing on/exploring another goat 
(duration) A F E 24 N S - N Andersen & Bøe, 

2007 

Agonistic interactions (with 
physical contact) 

A F E 24 N S - N Andersen & Bøe, 
2007 

A F E 24 N S - N Ehrlenbruch et al., 
2010a 

Agonistic interactions (without 
physical contact) 

A F E 24 N S - N Andersen & Bøe, 
2007 

A F E 24 N S - N Ehrlenbruch et al., 
2010a 

Displacements  

A F E 24 Y S - N Andersen & Bøe, 
2007 

A F C 40 N M - N Loretz et al., 2004 

A F E 24 N S - N Ehrlenbruch et al., 
2010a 

Time budget A F E 24 N S - N Andersen & Bøe, 
2007 
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Table 4. (continuation) 
Th

er
m

al
 c

om
fo

rt
 

Panting score 
A F E 30 Y S - Y Darcan et al., 2007 

A F C 1,207 Y - - Y Fioni, 2014 

Shivering score A F C 1,207 Y - - Y Fioni, 2014 

Huddling A F E 20 N - - N Bøe & Ehrlenbruch, 
2013 

Lying (duration) A F E 9 Y L - N Bøe et al., 2007 

Standing (duration) A F E 9 N L - N Bøe et al., 2007 

Moving (duration) A F E 9 Y L - N Bøe et al., 2007 

Feeding (duration) 

A F E 9 Y L - N Bøe et al., 2007 

A F/M E 14 Y S/L - N Ogebe et al., 1996 

A F E 30 Y S - N Darcan et al., 2007 

Ruminating (duration) A F E 30 Y S - N Darcan et al., 2007 

Drinking (duration) 
A F E 30 Y S - N Darcan et al., 2007 

A F/M E 14 N S/L - N Ogebe et al., 1996 

Walking (duration) A F E 30 Y S - N Darcan et al., 2007 

Resting (duration) A F E 30 Y S - N Darcan et al., 2007 

Drinking (frequency) A F/M E 14 N S/L - N Ogebe et al., 1996 

Rumination rate A F/M E 14 Y S/L - N Ogebe et al., 1996 

Ea
se

 o
f 

m
ov

em
en

t Kneeling A F C 116 
pens Y - - Y Anzuino et al., 2010 

Standing up score A F E 35 Y - - Y Mazurek et al., 2007 

Leaving the feed barrier 
(duration) A F E 55 Y M - N Nordmann et al., 2011 

1 Age class: A = adult (>6 months); J = juvenile (3-6 months); K = kid (<3 months).  
2 Sex: M =male; F = female.  
3 Housing system: C = commercial farm, E = experimental farm.  
4 Validity, intraobserver and interobserver reliability, on-farm feasibility:  Y = tested and valid or 
reliable or feasible; N = tested but not valid or not reliable or not feasible;  -  = not tested; O = validity 
assessed in other species; S = short-term reliability; M = mid-term reliability; L = long-term reliability. 
 

Comfort Around Resting 

As defined in Welfare Quality (2009a), “animals should have comfort when they are resting”. 

When goats have the possibility to choose, they prefer to rest against a wall rather than in the 

middle of the pen (Andersen & Bøe, 2007; Ehrlenbruch, Jørgensen, Andersen & Bøe, 2010), 

as already observed in other farm animals and summarized by Ehrlenbruch et al. (2010a; 

cattle: Stricklin, Graves & Wilson, 1979; sheep: Bøe, Berg & Andersen, 2006; Færevik, 

Andersen & Bøe, 2005; Marsden & Wood-Gush, 1986; fowl: Cornetto & Estevez, 200).  

This may be due to increased comfort or to an anti-predatory strategy, suggesting that the 

animals may feel safer close to a wall than in an open area. If space allowance is reduced, 

goats are forced to choose different areas, including those without walls, in which to lie down. 

Resting in contact with the wall showed a predictive validity in Andersen & Bøe (2007) and 
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Ehrlenbruch et al. (2010a) in a lying size area ranging from 0.5 to 1.0 m2/goat, but not in 

Loretz, Wechsler, Hauser & Rüsch (2004), where a larger lying area was provided (1.0 to 2.0 

m2/goat). These findings suggest that, below a given individual space availability, goats 

cannot choose their preferred resting areas. This supports the hypothesis of using this 

indicator to detect comfort around resting. Feasibility needs to be improved, as data 

collection in the cited studies was performed through prolonged video recording, resulting in 

a method that is too time consuming. Direct observation needs to be further studied before 

being efficiently applied. Moreover, it is crucial to identify the right moment to observe 

animals. Generally, they tend to have synchronized resting patterns (Rook & Penning, 1991). 

However, the percentage of observations when all animals rest simultaneously may vary 

depending on the size of the lying area; for example, Andersen & Bøe, (2007) observed that 

the percentage of observations with all goats lying simultaneously ranged from 8.5% at 0.75 

m2/goat to 21.1% at 1.00 m2/goat. This suggests that, when enough space is provided, goats 

tend to rest simultaneously and therefore the level of synchronization can give reliable 

information about comfort around resting. However, an observation time of 24-h at 10-min 

intervals, as used by Andersen & Bøe (2007), cannot be considered feasible for an on-farm 

protocol.  

Goats dislike wet areas when resting. Cleanliness is already used as a valid welfare indicator 

in pigs (Hughes, 2001), poultry (Scott et al., 2007), and cattle (Andreasen & Forkman, 2012). 

Dairy goats are much cleaner than dairy cattle, because they generally have drier faecal 

matter and are usually housed on straw bedding year round. Manure management is much 

easier in goats than in cattle, but the way in which goats are handled and moved to the 

milking parlour, as well as the cleanliness and dryness of walkways, may significantly 

influence the goat’s cleanliness. In dairy cattle, the main factors affecting the cleanliness of 

limbs are the cleaning frequency of barn alleyways, the ease in moving procedures, group 

density, and the number of times animals are moved (Hughes, 2001; Schreiner & Ruegg, 

2003). Anzuino et al. (2010) used cleanliness as a possible welfare indicator; however,  

the best location to score it has yet to be identified. The milking parlour may be a good 

location to record cleanliness of the rear body region, but other locations should be 

identified, in order to gather information about the front body area, such as the sternum 

region over which goats lie. Observation of cleanliness may be very time consuming in large 

herds. In these cases, the development of a representative sampling strategy may be required. 

Based on previous results by Loretz et al. (2004), Andersen and Bøe (2007) hypothesized 

that lying time would decrease when space availability was reduced; therefore, they used the 

24-h time budget (time spent lying, standing, and moving in the resting area and in the 

activity area) as an indicator of comfort around resting. However, their results do not support 

the validity of time budget in relation to comfort around resting. Furthermore, as already 
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mentioned, on-farm feasibility for time budget assessment is low because of the long 

observation time required (Martin & Bateson, 2007). 

 

Thermal Comfort 

It is known that ruminants have a broad thermal comfort zone and a high degree of thermal 

tolerance (Sejian & Srivastava, 2010). Scarce information about the limits of thermal 

comfort, allowing goats to maintain a near-constant body temperature of approximately 

39°C, is available in literature. Toussaint (1997) suggested that adequate temperatures for 

goats kept indoors range from 6°C to 27°C (optimum from 10° to 18°C), with relative 

humidity from 60 to 80%. Beyond the limits of thermal comfort, behavioural and 

physiological changes may occur that reduce or increase the heat loss (Bøe & Ehrlenbruch, 

2013; Darcan et al., 2007; McGregor, 2002; Mount, 1979). 

Inadequate temperatures, high humidity, and wind and rain are the main factors affecting 

thermal comfort in goats (Bøe & Ehrlenbruch, 2013; McGregor, 2002). Observation  

of respiratory rate can provide reliable and practical information for estimating the severity 

of heat stress in farm animals (Silanikove, 2000). A panting score has already been used for 

cattle (Gaughan, 2003) and it showed a predictive validity in goats (Darcan et al., 2007; 

Fioni, 2014). The score is assigned based on the visual observation of behaviour, using  

a 5-point (Darcan et al., 2007) or a simplified 3-point (Fioni, 2014) scale. The 3-point score 

system proved sufficient to highlight a condition of thermal discomfort, such as in presence 

of severe heat stress situations, where goats showed signs ranging from accelerated 

respiration with mouth closed (score 1) to panting with open mouth and excessive salivation 

(score 2).  

Although goats are frequently described as rustic or highly adaptable animals, research 

supports the fact that goats are negatively impacted by low temperatures (Bøe & 

Ehrlenbruch, 2013; McGregor, 2002), to the extent that shivering sets when they are exposed 

to low critical temperatures (Fioni, 2014; Mount, 1979). A feasible 3-point scale scoring 

system was developed and validated by Fioni (2014), who recorded signs of bristling hair on 

the back (score 1) and shivering with arched posture (score 2) related to severe cold stress. 

Huddling is widely used by pigs to reduce heat loss at low temperatures (Andersen, Bøe  

& Hove, 2000), but this strategy is not described in studies of natural populations of goats 

(Shackleton & Shank, 1984), although some farmers report anecdotal evidence of this 

behaviour. Bøe and Ehrlenbruch (2013) recorded the lying behaviour (lying alone vs 

huddling) in five pre-defined weather conditions. Even though weather had a significant on 

huddling behaviour, there was no clear evidence of its relation to decreasing temperatures. 

Some physiological and blood parameters have been identified as valid indicators. Water 

intake, rumination rate, rectal temperature, pulse and respiration rate (Darcan et al., 2007; 
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Ogebe et al., 1996), skin temperature (Darcan et al., 2007), glucose, total cholesterol, urea, 

and cortisol (Sejian & Srivastava, 2010) increase during heat stress situations. In contrast, 

total protein and aldosterone decrease under these conditions (Sejian & Srivastava, 2010). 

These indicators are not feasible, but they could be useful in future studies for validating 

indicators that are more practical for on-farm welfare assessment. 

Some authors consider the time budget of general activity behaviours (e.g., feeding, lying, 

ruminating, drinking) as being related to thermal comfort ((Bøe, Andersen, Buisson, 

Simensen & Jeksrud, 2007; Darcan et al., 2007); Table 4), because the effect of low or high 

environmental temperatures may affect behavioural patterns. Results from these authors 

confirmed that activity rhythms increase at low temperature and decrease at high 

temperature. In spite of their validity, the measurement of such behaviours is not 

recommended for on-farm use, as feasibility is hampered by the length of time required  

to compile the time budget. 

 

Ease of Movement 

By ease of movement, we mean the freedom of the animals to explore their surroundings 

without injuring themselves; in other words, “animals should have enough space to be able to 

move around freely” (Welfare Quality, 2009a), without risk of injury, at an adequate density. 

The animals have to be in sound enough condition to be able to walk, lie down and stand up.  

Anzuino et al. (2010) suggest kneeling (at the trough) is a promising welfare indicator to 

assess discomfort due to inappropriate housing conditions. Kneeling behaviour consists of 

goats dropping on their front knees. Anzuino et al. (2010) report that out of 24 British farms, 

79.2% showed goats kneeling (at the trough), but no correlation between lame and kneeling 

goats (at the trough) was found. This confirms that a badly designed feeding trough (e.g., 

floor level bunk) may force both lame and sound goats to assume this position to reach the 

feed. The on-farm feasibility is presumably high for kneeling (at the trough) as this behaviour 

is easily observed. 

A standing up-score has been used by Mazurek, Marie & Desor (2007) to detect problems in 

transition movement. The authors describe goats that stand up “lifting their back first” as 

animals with standing-up abnormalities. However, this behaviour is commonly described  

as the normal standing up transition movement for cattle (Albright & Arawe, 1997), and 

farmers and goat experts also consider it as the normal transition movement for goats; 

therefore, the standing-up score definition used by Mazurek et al. (2007) needs to be 

redefined. The main concern related to the feasibility of the standing up score is that the 

observer has to catch the precise instant when the transition movement starts. Therefore, 

observation of this indicator is closely linked to a specific moment, which lowers its on-farm 

feasibility. 
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Nordmann et al. (2011) used the duration of leaving the feed barrier to detect problems related 

to housing structure. This behaviour was described as “the duration taken by the goats to leave 

the feed barriers. It began when a goat started to move its head with the intention to leave the 

feed barrier and finished just when the whole head of the goat (including nose) had left the feed 

barrier.” Although this indicator has been validated,  the feed barrier design may influence the 

behaviour (Nordmann et al., 2011), and thus we consider it unfeasible in commercial farming 

conditions, as many goats are likely to leave the feed barrier at the same time, making the 

simultaneous direct observation of many animals very difficult.  

 

6.5 GOOD HEALTH PRINCIPLE 
Indicators related to health are the most quoted in our review because of the widespread 

availability of studies on this topic. All the reviewed indicators for this principle are presented 

in Table 5. 

 

Table 5. Animal-based indicators for assessing good health, excluding physiological 

measurements, in dairy goats 

Animal-based welfare 
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Lameness 

A F E 170 Y S - Y Christodoulopoulos, 
2009 

K/J/A F/M C 100/76/308 O - - Y Eze, 2002 

A F C 1,520 O - - Y Anzuino et al., 2010 

A F E 40 O - - Y Mazurek et al., 2007 

Claw overgrowth A F C 1,520 O - - Y Anzuino et al., 2010 

Lesions and 
swellings A F C 1,520 O - - Y Anzuino et al., 2010 

Teats and udder 
abnormalities A F C 1,520 O - - Y Anzuino et al., 2010 

Teats and udder 
conformation trait A F C 1,520 O - - Y Anzuino et al., 2010 

Standing up score A F E 35 Y - - Y Mazurek et al., 2007 

Ab
se

nc
e 

of
 

di
se

as
e 

Body condition 
score 

J M E 60 Y L - Y McGregor & Butler, 
2008 

A F C 1,520 O - - Y Anzuino et al., 2010 

A F E 60 Y S - Y Laporte-Broux et al., 
2011 

A F C 149 Y - - Y Santucci et al., 1991 
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Table 5. (continuation) 

 

Presence of 
abscesses A F C 16 - - - Y Mantova, 2012 

Hair coat 
condition A F E 48 Y - - Y Battini et al., 2013 

Discharges (nasal, 
ocular, vulvar) A F C 1,520 - - - Y Anzuino et al., 2010 

Cleanliness A F C 1,520 O - - Y Anzuino et al., 2010 

Obviously 
sick/dull goats A F C 116 pens - - - N Anzuino et al., 2010 

Pruritus A F C 116 pens - - - N Anzuino et al., 2010 

Coughing A F C 116 pens - - - N Anzuino et al., 2010 

Dyspnea A F C 116 pens - - - N Anzuino et al., 2010 

Hesitate/refuse 
movement 

A F E 108 Y - - N Mazurek et al., 2005 

A F E 108 Y - - N Mazurek et al., 2007 

Time budget  A F E 28 N S - N Laporte-Broux et al., 
2011 

Agonistic 
interactions (with 
physical contact) 

A F E 60 N S - N Laporte-Broux et al., 
2011 

Agonistic 
interactions 
(without physical 
contact) 

A F E 60 N S - N Laporte-Broux et al., 
2011 

Positive 
interactions  A F E 60 Y S - N Laporte-Broux et al., 

2011 
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Ear tear A F C 1,338 - - - Y Anzuino et al., 2010 

1Age class: A = adult (>6 months); J = juvenile (3-6 months); K = kid (<3 months).  
2 Sex: M =male; F = female.  
3Housing system: C = commercial farm, E = experimental farm.  
4Validity, intraobserver and interobserver reliability, on-farm feasibility:  Y = tested and valid or reliable or 
feasible; N = tested but not valid or not reliable or not feasible;  -  = not tested; O = validity assessed in other 
species; S = short-term reliability; M = mid-term reliability; L = long-term reliability. 
 

Absence of Injuries 

According to this criterion, animals should be free from physical problems that may affect their 

health; for example, skin damage and locomotion disorders (Welfare Quality, 2009a).  
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Lameness is taken into consideration in several papers, as it is an important indicator of pain 

(O’Callaghan, Cripps, Downham & Murray, 2003) and may lower productivity in dairy goats by 

reducing milk yield (Christodoulopoulos, 2009; Hill et al., 1997) and fertility 

(Christodoulopoulos, 2009; Eze, 2002; Hill et al., 1997), as well as contributing to pregnancy 

toxaemia (Lima et al., 2012b) and neonatal diseases (Eze, 2002), and hence premature culling 

(Hill et al., 1997). The main causes of lameness in intensively kept dairy goats are claw 

overgrowth with or without deformation and diseases affecting the limb joints, such as caprine 

arthritis and encephalitis (CAE) and caprine contagious agalactia (Bergonier, Berthelot & 

Poumarat, 1997; Hill et al., 1997; Smith & Sherman, 2009a; Winter, 2011). Lameness ranges 

from 9.1% to 24% in commercial farms (Christodoulopoulos, 2009; Eze, 2002; Hill et al., 1997; 

Mazurek et al., 2007). This large variation in prevalence of lameness can be due to various 

resources (e.g., access to pasture, indoor environment) and management practices (e.g., 

infrequent claw trimming), and especially to the fact that the authors assessed lameness with 

different methods and scoring systems, and therefore the definition of clinical lameness in 

goats is unclear. Lameness scores have already been validated in some species (e.g., cattle: 

Thomsen, Munksgaard & Tøgersen, 2008; sheep: Winter, 2008), but there are no well-

developed, established gait scoring systems in goats, so lameness is generally scored using 

different point scales (Anzuino et al., 2010; Hill et al., 1997; Mazurek et al., 2007) or by 

classifying goats as lame or sound  (Christodoulopoulos, 2009). Hill et al. (1997) and 

Christodoulopoulos (2009) both showed evidence of a strong association between lameness 

and some of the foot lesions identified in their studies (hoof separation, abscess of the sole, 

footrot, interdigital dermatitis). However, none of these studies assessed reliability when using 

these scoring systems, and hence, further studies are needed. 

The location in which lameness assessment is performed varies: animals can be scored at the 

exit of the milking parlour (Anzuino et al., 2010) or in the group pen (Anzuino et al., 2010; 

Christodoulopoulos, 2009; Mazurek et al., 2007). According to Anzuino et al. (2010), the 

prevalence of lameness estimated while the goats are in their pens is usually much lower than 

that observed when the goats exit the parlour. This may be because the observer can see the 

goats better when they are exiting the parlour or because the goats’ locomotion is better when 

they walk on soft straw surfaces in their pens than when they walk on hard surfaces. This 

finding is important, because it suggests that assessing lameness in goats while they are housed 

in their pens may underestimate the severity and prevalence of the problem. However, if 

lameness is going to be assessed when goats are entering or exiting the milking parlour, a 

reliable sampling strategy should be planned, as the prevalence of lameness may depend on 

milking order. For example, in cows, a higher prevalence of lame animals has been observed in 

the last groups entering the milking parlour, compared with the first groups (Main et al., 2010). 

Furthermore, this not only highlights the importance of standardizing the location and type of 
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flooring to perform lameness assessment in goat farms, but also the procedure for evaluating 

animals (e.g., how many strides) to obtain comparable results across different farms.  

The sensitivity of the scoring system may vary across species. In goats, a maximum of four 

levels has been adopted by Anzuino et al. (2010), whereas in cattle scales up to five  

(e.g., Hoffman, Moore, Vanegas & Wenz, 2014; Ito, Chapinal, Weary & von Keyserlingk, 

2014; Kougioumtzis, Valergakis, Oikonomou, Arsenos & Banos, 2014; Thomsen et al., 2008) 

or six levels (e.g., Bell et al., 2009) have been used.  

To make the scoring system more effective without reducing the on-farm feasibility,  

the drafting of a continuous lameness scale for individual goats would represent a significant 

advance in this field, like the modified visual analogue scale (VAS) recently established for 

cattle (Tuyttens et al., 2009). This modified scale has the advantage of enhancing sensitivity 

and, at the same time, producing continuous data that can be subjected to algebraic 

operations needed for aggregating the welfare indicators assessed in a protocol into a welfare 

index (Tuyttens et al., 2009). The reliability of this scoring system needs to be tested in goats. 

Lameness is often correlated with claw overgrowth, which is a major problem in commercial 

dairy goat farms (Christodoulopoulos, 2009; Hill et al., 1997; Winter, 2011). In the UK, 

Anzuino et al. (2010) report that out of 1,520 sample animals, 79.8% had overgrown claws, 

and the problem was present at different levels of severity in all the farms surveyed. This high 

prevalence is probably due to a lack of hoof wear when animals are housed on straw bedding, 

or to poor management, such as an insufficient frequency of foot trimming (Anzuino et al., 

2010; Eze, 2002; Hill et al., 1997). In dairy goats, claw overgrowth can be scored from 

moderate to severe, and a significant correlation with lameness has been demonstrated 

(Anzuino et al., 2010; Christodoulopoulos, 2009; Hill et al., 1997). The assessment of this 

indicator may be performed in the milking parlour and, if supported by an effective sampling 

strategy (similar to that reported for lameness; Main et al., 2010), can be feasible on-farm.  

The presence of lesions (including skin damages, swelling, and hair losses) is another 

possible indicator of poor health. Anzuino et al. (2010) observed that body and neck skin 

lesions are quite frequent (19.9% and 14.2% out of 1,520 goats, respectively), but they consist 

mainly of hair loss, whereas most of the lower limb skin lesions (6.2%) consist of both skin 

damage and hair loss. Such lesions may not be painful but can still be important indicators of 

welfare, as they may reflect structure deficiencies (e.g., physical obstructions to normal 

behaviour) or may arise from trauma (e.g., hornless goats housed with horned goats; 

Aschwanden, Gygax, Wechsler & Keil, 2008) or ectoparasites (Smith & Sherman, 2009a). 

In dairy animals, other possible animal-based indicators are lesions and abnormalities 

of teats and udders (Anzuino et al., 2010). In the same set of goats on UK farms mentioned 

above (Anzuino et al., 2010), teat and udder abnormalities in dairy goats were found with 

respective prevalences of 7.6% and 33.8%, including lesions, wounds, inflammations, and 
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accessory teats. Teat and udder lesions can affect both welfare and production in dairy goats 

(Contreras et al., 2007; Leitner, Silanikove & Merin, 2008; Mavrogianni et al., 2011; Perrin, 

Mallereau, Lenfant & Baudry, 1997), but little published information describes the welfare 

significance and aetiology of different lesions (Menzies & Ramanoon, 2001). Certain aspects 

of dairy goat farming, such as rapid milking rates, large herd size, high milk production, 

number of stockpersons, and minimal hygiene routine at milking, as well as some specific 

goat behaviour, such as teat biting or self-sucking, may contribute to the development of teat 

and udder lesions (Anzuino et al., 2010; Martínez-de la Puente et al., 2011; Stelwagen & 

Knight, 1997; Torres, Castro, Hernández-Castellano, Argüello & Capote, 2013). Evaluating 

teat and udder conformation traits may also be important for goat welfare. Research on dairy 

goats showed a relationship between pendulous udders and mastitis (Ameh, Addo, Adekeye 

& Gyang, 1993; Deinhofer & Pernthaner, 1995), partly due to the increased risk of injury to 

the udder and teats when the distance between the teat ends and the floor is small. Udder 

asymmetry has been associated with chronic intramammary infection (e.g., CAE, contagious 

agalactiae, retroviral hard udder) causing induration and atrophy of one half (Alawa, Ngele  

& Ogwu, 2000; Krieg & Peterhans, 1990; Paterna et al., 2014). Ameh et al. (1993) and Ameh 

& Tari (1999) found teat injuries to be associated with mastitis. This evidence supports the 

hypothesis that udder conformation is a risk factor for disease that may compromise dairy 

goat welfare and that a chronic change remains even after an udder has recovered from 

infection or injury (Klaas, Enevoldsen, Vaarst & Houe, 2004; Krieg & Peterhans, 1990; Smith 

& Sherman, 2009a). Asymmetry and pendulous udders were recorded with prevalences of 

22.0% and 5.3%, respectively, out of 1,520 observed goats in UK farms (Anzuino et al., 2010) 

and 5.7% and 10.2%, respectively, out of 423 goats in African breeds (Amao et al., 2003). 

Teat and udder lesions, abnormalities, and conformation traits can easily be recorded  

by visual assessment from a short distance. The milking parlour is probably the best location 

to assess these indicators. 

 

Absence of Disease 

According to Welfare Quality (2009a), animals should be free from disease. Many indicators 

related to disease have never been validated in goat studies, but have been validated in cattle 

(as reviewed by Canali, Whay & Leach, 2009).  

Body condition score is a valid and feasible indicator not only of the absence from prolonged 

hunger (as described and discussed for the good feeding principle), but also of the absence of 

disease. It is generally accepted that this indicator is important for identifying chronically ill 

goats; for example, BCS is decreased in the case of chronic contagious diseases, such as 

caseous lymphadenitis, paratuberculosis, or CAE, gastro-intestinal parasitism, painful 

conditions (arthritis, footrot, laminitis), or in animals that have dental problems (Mantova, 
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2012; Smith & Sherman, 2009a). In contrast, very thin or obese pregnant dairy goats risk 

pregnancy toxaemia (Brozos, Mavrogianni & Fthenakis, 2011; Lima, Pascoal & Stilwell, 

2012a; Schlumbohm & Harmeyer, 2008), and BCS can therefore be successfully adopted to 

prevent the occurrence of this disease in periparturient goats (Laporte-Broux et al., 2011). 

The presence of external abscesses is a common sign of pathology in goats. In most cases, 

external abscesses are located in lymph node areas (mainly mandibular, prescapular, 

prefemoral, and supramammary lymph nodes; Smith & Sherman, 2009a). This external sign 

is often associated with caseous lymphadenitis caused by Corynebacterium pseutuberculosis. 

This disease can also affect internal lymph nodes or organs, such as lungs, liver, or kidneys 

(Baird & Fontaine, 2007), but this form cannot be recorded by external examination and is 

not very common in goats (Smith & Sherman, 2009a). The presence of abscesses maybe a 

valid and feasible animal-based indicator for on-farm welfare assessment, reflecting a general 

poor condition of the animal, as shown by reduced feeding time and low BCS recorded in 

goats with external abscesses (Mantova, 2012).  

Hair coat condition can also be regarded as an interesting indicator to gather information not 

only on a goat’s nutritional status (as already described and discussed for the good feeding 

principle), but also on its health status. In fact, recent research showed a higher prevalence of 

abnormal lung sounds (probably related to chronic respiratory disease) and a general condition 

of poor health in goats with rough and scurfy hair (Battini, 2013; Battini et al., 2013). 

Kneeling has been already discussed according to the “ease of movement” criterion. Although 

the behaviour is the same as that already described, Anzuino et al. (2010) distinguish 

between animals seen in kneeling posture at the trough and in the pen, as this behaviour may 

assume different meanings. Kneeling (in the pen) consists of goats standing or walking on 

their front knees, without being involved in exploratory or feeding behaviour. Such goats are 

generally not able to stand up and frequently reach the milking parlour or the feeding rack in 

this abnormal posture. The origin of this behaviour is still unclear: the significant correlation 

recorded by Anzuino et al. (2010) between the prevalence of goats kneeling (in the pen) and 

of severely lame goats recorded when exiting the milking parlour suggests that kneeling 

behaviour may be related to painful limb ailments. For example, kneeling is a common 

clinical sign in CAE and is frequent in infected farms (Adams, Klevjer-Anderson, Carlson, 

McGuire & Gorham, 1983; Smith & Sherman, 2009a). The prevalence of farms with goats 

kneeling (in the pen) recorded by Anzuino et al. (2010) in the UK was extremely high (75% 

out of 24 farms), supporting the need for further investigation. The on-farm feasibility for 

kneeling (in the pen) as an indicator is high, as this behaviour is not related to a specific 

moment and kneeling goats are quite easy to observe in the pen area. 

Goats presenting discharges were recorded with low frequency on UK farms, where 5% of 

goats showed vulvar (mainly haemorrhagic), 0.6% nasal, and 6% ocular discharges (Anzuino 
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et al., 2010; see Table 5 for sample size). Discharges have already been included in cattle 

welfare assessment protocols (Canali et al., 2009). Their feasibility is accepted, but the best 

location to observe them needs to be identified, as the milking parlour only allows for  

the observation of vulvar discharges, whereas observations at the feeding rack only allow  

for the recording of those that are nasal and ocular. 

We have already dealt with cleanliness as an indicator related to comfort around resting, and 

the feasibility of this indicator has already been discussed. In dairy cattle, udder cleanliness has 

been used as an indicator to assess the risk of mastitis (Hughes, 2001; Reneau et al., 2005; 

Schreiner & Ruegg, 2003), and is therefore considered related to health in this species. Studies 

are needed to understand if this indicator is valid as an assessment of health status in goats. 

In accordance with the findings of Whay, Main, Green & Webster (2003) in dairy cows in the 

UK (1.6% of cows out of 20% of sampled animals in 53 herds), Anzuino et al. (2010) report  

a low herd prevalence of “obviously dull/sick goats” (one or two goats per herd), but the 

authors do not provide an objective description of this indicator. Smith & Sherman (2009a) 

use the terms “dull and listless” to define the behaviour of goats with diseases such as chronic 

enterotoxaemia, pregnancy toxaemia, rumen impactation, and gastro-intestinal parasitism.  

A more accurate and precise description of this term may be useful to facilitate the 

identification of these goats in the herd and increase the reliability of the indicator. Farmers 

and technicians report that sick goats try to isolate themselves from the group, and they 

generally stand immobile, sometimes facing the wall or other parts of the housing structure. 

Although deriving from anecdotal information, this description is clear and could form the 

basis for an accurate definition of “obviously dull/sick goats”. The presence of this 

behavioural phenotype might be a promising indicator for pinpointing animals in poor health 

in a herd-living, gregarious species such as goats (Miranda-de la Lama & Mattiello, 2010). 

Therefore, the presence of isolated individuals may be interesting as an early-warning 

indicator of health problems, but it needs to be well defined and tested for validity and on-

farm feasibility. 

Laporte-Broux et al. (2011) considered different general activity behaviours (e.g., standing, 

feeding), aggressive interactions (e.g., threat, chase), and positive interactions  

(e.g., grooming) that may be influenced and altered by the presence of diseases, such as 

induced pregnancy toxaemia. The validity of some of these behaviours has been assessed,  

as goats with pregnancy toxaemia due to restricted diet increase feed searching and related 

active behaviours (e.g., walking, exploratory behaviours) but decrease positive interactions. 

The validity of behaviour for predicting diseases has already been confirmed in other 

ruminant species, such as cattle, where the time spent feeding and the frequency of visits to 

the feeder were significantly reduced by severe metritis (Huzzey, Veira, Weary & von 



CHAPTER 6 | INVITED REVIEW: ANIMAL-BASED INDICATORS FOR ON-FARM 

WELFARE ASSESSMENT FOR DAIRY GOATS 

64 

Keyserlingk, 2007) or ketosis (Goldhawk, Chapinal, Veira, Weary & von Keyserlingk, 2009). 

The feasibility of these indicators remains an issue if the time budget needs to be recorded. 

In dairy animals, somatic cell count (SCC) is an important milk characteristic possibly related 

to animal welfare. Research in dairy goats suggests that this indicator is related to 

intramammary infections, as SCC increases in presence of clinical or subclinical mastitis 

(Koop, Nielen & van Werven, 2012; Paape et al., 2007), although the latter is asymptomatic 

and is not reported to affect goat welfare (Jimenez-Granado, Sanchez-Rodriguez, Arce & 

Rodriguez-Estevez, 2014). Somatic cell count is routinely collected herd data on bulk milk; 

therefore, it is available in most farms. However, it lacks sensitivity, because it can be affected 

by several factors, such as parity, lactation stage, and milk yield (Koop et al., 2013), that may 

increase SCC even in the absence of udder infection. To our knowledge, no appropriate 

statistical models are available to correct for all named factors in goat bulk milk so far. 

 

Absence of Pain Induced by Management Procedures 

This welfare criterion is related to the statement that “animals should not suffer pain induced 

by inappropriate management, handling, slaughter, or surgical procedures (e.g., castration, 

dehorning)” (Welfare Quality, 2009a).  

One common management practice that may have a negative impact on the welfare of adult 

dairy goats is ear tagging. If tags are not correctly placed through the center of the ear, 

inflammation or ear tear (Anzuino et al., 2010; Smith & Sherman, 2009a) may occur, causing 

moderate pain. The prevalence of ear tear recorded by Anzuino et al. (2010) was 6.2% of 

goats (out of 1,520 goats). To our knowledge, these are the only data available on the damage 

associated with ear tagging in goats. In-depth studies on this potential indicator are needed, 

as it seems a promising inclusion for on-farm welfare protocol.  

Routine trimming is a required management procedure, essential to maintain normal hoof 

structure (Smith & Sherman, 2009a). This procedure should be carried out at least twice a year 

due to the fact that on intensive farms, the limited movement of goats may alter the normal 

growth of the hoof, leading to claw overgrowth. Welfare problems associated with overgrown 

claws are widely explained in “absence of injuries” criterion. However, if trimming is not correctly 

performed, it may cause pain or expose inner tissue to trauma and infection (Nagy & Pugh, 2012).  

Other procedures that may have a negative effect on goat welfare are improper disbudding 

(incomplete burn of the horn bud through the skin) and dehorning. Presence of horns or trace of 

horns in adult goats due to previous improper disbudding when they were kids may be a welfare 

issue. Scurs can press against the head or eye, causing lesions and pain (Smith & Sherman, 

2009a) and they have been associated with adverse sequelae, such as sinusitis, brain abscesses or 

tetanus (Plummer & Schleining, 2013; Smith & Sherman, 2009a). Farmers also report that scurs 

may get caught in fences and pen partitions. Furthermore, horned or partially horned goats may 
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adopt agonistic behaviour, causing lesions and possible social stress to other goats (Waiblinger et 

al., 2011). For this reason, mixed groups of horned and hornless goats should be carefully 

managed by farmers, thus good practices are required (e.g., group stability, space allowance). 

Signs that adult animals have been dehorned or have traces of horns due to improper disbudding 

are clearly visible on-farm, especially when goats are at the feed trough; thus, improper 

disbudding may be a suitable indicator to be adopted on farm. 

 

6.6 APPROPRIATE BEHAVIOUR PRINCIPLE 
The “appropriate behaviour” principle is related to the opportunity that goats have to express 

social and species-specific behaviours and also to their relationships with humans.  

All indicators for the welfare criteria included in this principle are presented in Table 6. 

 

Expression of Social Behaviours 

In gregarious animals such as goats, that are usually housed in group pens, social behaviour 

is very important, and the possibility to “express a normal, non-harmful, social behaviour 

(e.g., allo-grooming)” (Welfare Quality, 2009a) should always be guaranteed.  

Social behaviour can be altered by management procedures (e.g., regrouping; Miranda-de la 

Lama & Mattiello, 2010) or housing conditions (e.g., stocking density: Van et al., 2007; lack 

of resources suh as feed: Jørgensen et al., 2007; Laporte-Broux et al., 2011; Loretz et al., 

2004; water: Ehrlenbruch, Pollen, et al., 2010; lying space: Andersen & Bøe, 2007; Loretz  

et al., 2004). 

Agonistic behaviour has two main aims: resource achievement and dominance establishment 

(Shackleton & Shank, 1984), but the increase of these interactions is considered as a negative 

expression of social behaviour in cattle (Laister et al., 2009). Compared with other female 

ungulates, goats are reported to have a significantly higher rate of aggressive interactions 

(Fournier & Festa-Bianchet, 1995). The validity of agonistic behaviour as an indicator has 

been confirmed in many papers. In fact, the increase of agonistic behaviour is commonly 

related to decreased size of the resting area (Andersen & Bøe, 2007; Aschwanden et al., 

2009b; Van et al., 2007), to regrouping (Andersen et al., 2008; Fernández, Alvarez & Zarco, 

2007), or to insufficient resource availability (e.g., scarce number of feeding or water places: 

Ehrlenbruch et al., 2010b). Fernandez et al. (2007) even found a decrease in milk production 

in goats subjected to regrouping: it is known that regrouping may lead to an enhancement of 

aggressive interaction, thus increasing stress. Stress plays a fundamental role in reducing 

milk yield, as reported in cows (Shamay, Shapiro, Barash, Bruckental & Silanikove, 2000; 

Varner & Johnson, 1983), therefore, a concurrent validity is confirmed for agonistic 

interaction. Feasibility is  questionable;  observation  usually  requires  a  prolonged period of 
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time to obtain reliable information (Nordmann et al., 2011). Among agonistic behaviours 

(e.g., threats, frontal clashes, chases, butts, displacements), the most feasible is displacement, 

as already described in this review for “absence of prolonged hunger and prolonged thirst” 

criteria (Table 3). 

Queuing at the feed barrier has been already described for assessing the “absence of 

prolonged hunger” criterion, as well as the effect of queuing on nutritional deficiencies and 

frustration in dairy goats. However, queuing at the feed barrier may also be used to evaluate 

the quality of social interactions, as confirmed by Jørgensen et al. (2007), who found that 

low-status goats spent more time queuing than high-status goats, demonstrating that 

competitive environments are a welfare issue for subordinate animals rather than for 

dominants. The validity of queuing at the drinker as an indicator of social behaviour has not 

been tested (Ehrlenbruch et al., 2010b), but it is assumed that results similar to queuing at 

the feed barrier may occur when the ratio of nipples to goats is inadequate, as found for the 

“absence of prolonged thirst” criterion. 

Vocalizations may be an interesting indicator of welfare in farm animals (e.g., pigs and cattle; 

Manteuffel, Puppe & Schön, 2004), and some authors report the use of vocalizations to assess the 

quality of social behaviour in goats (Mazurek, Marie & Desor, 2005; Mazurek et al., 2007; 

Siebert, Langbein, Schön, Tuchscherer & Puppe, 2011). However, specific studies need to be 

conducted to gather more information about the motivation of goats to vocalize. For example, 

increased vocal responses in situations of social isolation can be interpreted either as an adaptive 

and active attempt to communicate with companions or as a sign of distress and fear (Siebert et 

al., 2011). Moreover, the mere verbal description of sounds is incomplete and misleading as it 

lacks loudness, duration, and frequency traits (Manteuffel et al., 2004); therefore, specific 

instruments for recording (e.g., digital signal processing; Siebert et al., 2011) and analysing 

sounds (e.g., digital sonograms bio-acoustical analyses; Manteuffel et al., 2004) are required and, 

thus, the feasibility of this indicator is compromised. 

 

Expression of Other Behaviours 

Other behaviours include the possibility “to express species-specific natural behaviours such as 

foraging” (Welfare Quality, 2009a). If animals cannot meet their natural needs and cannot 

perform their entire behavioural repertoire, they may experience a negative affective state. 

However, no feasible indicator of absence of natural behaviours has been identified so far. 

Therefore, in this section we will only consider as indicators of negative affective state the 

presence of behaviours that are not species-specific under natural conditions or that are 

performed with unnatural frequency. Excessive scratching or rubbing (pruritus) and abnormal 

oral behaviour can be considered as promising indicators of a poor welfare condition (Mason  

& Rushen, 2008). Several studies are available to support the observation of these behaviours as 
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welfare indicators in many species (e.g., pigs: Brunberg, Wallenbeck & Keeling, 2011; cattle: 

Mattiello et al., 2002; Kamboj, Vishwakarma & Singh, 2007). In goats, Anzuino et al. (2010) 

reported that 91.7% out of 24 UK farms had goats affected by pruritus, and the validity of this 

indicator seems to be supported by the positive correlation with the prevalence of body skin 

lesions. 

Behaviours such as oral manipulation of inert objects are potential welfare issues requiring 

further investigation. Lack of roughage and of concentrate feed was associated with abnormal 

oral behaviour in goat kids (Mattiello, Villa & Cioccarelli, 2008). According to Anzuino et al. 

(2010), abnormal oral behaviours in goats are mainly directed at the bars (found in 91.7% out of 

24 farms) or walls of pen structures (83.3% of farms). Self-suckling and inter-suckling are also 

abnormal oral behaviours common among certain goat breeds (e.g., Murciana) and farms 

(Griffioen, 2012). As reported by Martínez-de la Puente et al. (2011) in the Majorera breed, self-

suckling has been shown to be reduced when extra fibber is added to the ordinary diet (composed 

of corn, soy, dehydrated lucerne, dehydrated beetroot, lucerne hay, vitamin-mineral 

supplement), and distributed twice a day. The authors of this study suggest that by having ad 

libitum access to wheat straw, goats ruminate more and thus satisfy their oral behavioural needs. 

The main issue related to the recording of these behaviours is the fact that direct observation 

requires not only a long observation period, but also an accurate choice of observation time  

(i.e., just before feeding time). In addition, abnormal behaviours can be difficult to record in large 

groups (Anzuino et al., 2010), especially in the absence of an adequate sampling strategy. 

 

Good Human-Animal Relationship 

This criterion is based on the assumption that “Animals should be handled well in all situations, 

i.e. handlers should promote good human-animal relationships” (Welfare Quality, 2009a).  

Many published studies provide proof of the effect of stockmanship on animal production 

(e.g., Hemsworth, 2003; Hemsworth & Barnett, 1991; Lensink, Raussi, Boivin, Pyykkönen & 

Veissier, 2001) and welfare (e.g., de Passillé & Rushen, 2005; Rousing & Waiblinger, 2004). 

Nevertheless, the effect of the quality of human–animal relationships on productive traits 

and welfare has rarely been investigated in goats. The human–animal relationship tests 

enable us to gain information about the level of fear as a consequence of the quality and 

frequency of the previous human–animal interactions (Waiblinger et al., 2006).  

The promising tests identified so far belong to two main categories: reaction to a stationary 

person and reaction to a moving person. The latency to approach a stationary person test, 

already used in cattle by several authors (Breuer, Hemsworth, Barnett, Matthews & Coleman, 

2000; Hemsworth, Coleman, Barnett & Borg, 2000; Jago, Krohn & Matthews, 1999; Lensink 

et al., 2000), was applied by Jackson & Hackett (2007) to evaluate the positive effect of 

gentle handling treatment in goats. The research showed that animals approached a person 
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more quickly if they had already experienced positive contact with humans (Jackson  

& Hackett, 2007). The avoidance distance test to a moving person developed for cattle 

(Windschnurer, Schmied, Boivin & Waiblinger, 2009) was validated in goats by Mattiello et 

al. (2010), who confirmed its validity to detect different avoidance reactions of goats 

depending on farm size and, consequently, on management practices. Behavioural tests for 

assessing human-animal relationship seem to be valid, feasible, and reliable in several 

species (sheep: Napolitano, De Rosa, Girolami, Scavone & Braghieri, 2011; beef heifers: 

Mazurek et al., 2011; buffalos: De Rosa, Napolitano, Grasso, Pacelli & Bordi, 2005;  

dairy cows: Rousing & Waiblinger, 2004). However, they require time and training, and 

might induce stress in the animals. For example, Muri et al., (2013) reported strong 

avoidance behaviour and goats flocking around when the observer tried to perform the 

avoidance distance test. The development of less intrusive and time consuming, but still 

valid, indicators would be useful. Farmers have suggested other possible indicators, such as 

alert calls, but no scientific evidence is available to support their use in assessing the quality 

of human-animal relationship in goats. 

 

Positive Emotional State 

This last criterion is very difficult to assess, and it is based on the concept that “Negative 

emotions such as fear, distress, frustration or apathy should be avoided whereas positive 

emotions such as security or contentment should be promoted” (Welfare Quality, 2009a).  

Most welfare indicators focus on negative aspects, whereas positive emotional state is not 

taken into consideration very often. Play behaviour is one of the few positive indicators in the 

existing literature on farm animals (calves: Jensen & Kyhn, 2000; pigs: Reimert, Bolhuis, 

Kemp & Rodenburg, 2013); however, this is seldom expressed by adult ruminants and it is 

too time consuming to record (Napolitano, Knierim, Grasso & De Rosa, 2009).  

New indicators need to be developed to detect positive emotional states. Currently, one 

promising approach is the qualitative behaviour assessment, which consists of a whole-

animal approach, in which the observer can integrate perceived behavioural details and 

signals to judge an animal’s behavioural expression, using qualitative descriptors (e.g., 

content, relaxed, anxious) that reflect the animal’s emotional state (Wemelsfelder, 2007). 

Studies on many species, such as horses (Minero, Tosi, Canali & Wemelsfelder, 2009), pigs 

(Rutherford, Donald, Lawrence & Wemelsfelder, 2012; Wemelsfelder, Millard, De Rosa  

& Napolitano, 2009), and sheep (Phythian, Michalopoulou, Duncan & Wemelsfelder, 2013), 

have shown that data generated from such observations is reliable and repeatable, and it 

correlates with animal behaviour observed by traditional quantitative methods. So far,  

no information has been made available on the use of qualitative behaviour assessment in 

goats. Research on this topic is worth pursuing. 
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6.7 SUMMARY AND CONCLUSIONS 
This review aimed to highlight goat welfare indicators that may be suitable for on-farm welfare 

assessment. Validity, reliability, and feasibility were the major attributes taken into account. 

According to these attributes, few indicators can be considered promising and all require further 

adjustment or research. Furthermore, not all the principles and criteria addressed in this review 

are covered by the indicators available to date.  

As can be expected, indicators related to injuries and diseases are the most studied, whereas 

those related to other principles need further investigation. Health indicators were attributed 

more attention due to their economic relevance. Similarly, many indicators have been found to 

evaluate “absence of prolonged hunger”, whereas few animal-based indicators have been 

developed for on-farm assessment of “absence of prolonged thirst”, possibly because they are 

easily replaced by resource-based parameters (e.g., number of drinkers/animal and water flow). 

The most promising indicators are summarized in Table 7. In line with the present state of the 

art, no indicator can be included in an on-farm welfare assessment protocol as it stands.  

Each one of the potential indicators needs to be adjusted or further refined in terms of validity, 

reliability, or feasibility. For example, interobserver reliability has seldom been assessed and 

further studies are needed: concordance among observers is essential when setting up a reliable 

data collection. Easy-to-perform observations or simplified point scales are recommended for 

obtaining high interobserver agreement but, in any case, rigorous training is required.  

In contrast, short-term intraobserver reliability has frequently been assessed, and some studies 

also consider mid- and long-term reliability. This issue is very important, as the consistency of 

indicators over time is crucial in welfare assessment protocols that need to be used at any time.  

From a methodological point of view, most of the studies carried out so far have been performed 

under experimental conditions, so the feasibility in commercial farms of the indicators adopted 

in these studies needs to be carefully evaluated. Our list of promising indicators took this issue 

into account, highlighting the need for further studies for on-farm feasibility. 

Another issue related to feasibility is that the recording of behaviour is generally time consuming. 

Most of the behavioural indicators reviewed in this paper were collected by video-recording,  

not by direct observation. This makes them unsuitable for inclusion in a practical on-farm 

welfare assessment protocol, unless we find alternative ways to collect the data. This is why we 

have continually emphasized the idea of applying an effective sampling strategy to record data 

on-farm. 

It is important to underline that some indicators, such as BCS, hair coat condition, and queuing, 

can be applied to different criteria. These indicators warrant particular attention, as they could be 

very useful in order to save time, by providing information about several welfare aspects. 

Existing welfare assessment protocols usually highlight negative aspects, and most of the 

reviewed indicators are actually focused on welfare problems, such as presence of lesions, 
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lameness, diseases, abnormal behaviour, or poor body conditions. However, positive indicators 

deserve further attention and their inclusion should be fostered, as they may play a key role in the 

communication of animal welfare to the stakeholders. 

The aim of this review was to act as a starting point in the identification of animal-based 

indicators in dairy goats. Further studies are needed in order to bridge the gaps highlighted by 

the present review, to confirm the already existing results, and to develop a complete and 

effective on-farm welfare assessment protocol for dairy goats. Such a protocol may then be used 

as a basis for developing specific protocols for other categories, such as kids and bucks, and for 

different production systems (e.g., meat and fibber) and extensive husbandry that may have 

specific welfare problems not addressed in this review. 

 

Table 7. Promising indicators identified as suitable for inclusion in on-farm welfare 

assessment protocol, classified according to Welfare Quality principles and criteria 

Principle Criteria Promising indicators 

Good feeding 
1-Absence of prolonged hunger 

BCS 
Queuing at the feed barrier 
Hair coat condition 

2-Absence of prolonged thirst Queuing at the drinker 
Displacements at the drinker 

Good housing 

3-Comfort around resting Resting in contact with the wall 

4-Thermal comfort Shivering score 
Panting score 

5-Ease of movement Kneeling (at the trough) 

Good health 

6-Absence of injuries 

Lameness 
Claw overgrowth 
Lesions and swellings 
Teats and udder abnormalities and 
conformation traits 

7-Absence of disease 

BCS 
Abscesses 
Hair coat condition 
Kneeling (in the pen) 
Vulvar, ocular and nasal discharges 

8-Absence of pain induced by 
management procedures 

Ear tear 
Improper disbudding and dehorning 

Appropriate 
behaviour 

9-Expression of social behaviours 

Queuing at the feed barrier and at the 
drinker 
Displacements at the feed barrier and 
at the drinker 

10-Expression of other behaviours - 

11-Good human-animal relationship Avoidance distance test 
Latency to first contact 

12-Positive emotional state QBA 
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Development and validation of a visual body condition scoring 

system for dairy goats with picture-based training 
 
Body condition score has been widely used as a welfare indicator. However its inclusion in on-farm 

welfare protocols presents some constraints. Chapter 7 addresses the difficulty of goat restraint by 

presenting a visual body condition scoring system that was developed by identifying representative 

images of three body condition categories: very thin, normal and very fat goats. The scoring system, 

assessed for validity and reliability, is a practical tool for a quick first step assessment of fat reserves 

changes that have an impact on animal‘s welfare, health and production.  

 

This chapter has been accepted for publication as: Vieira, A., Brandão, S., Monteiro, A., Ajuda, I., & 

Stilwell, G. (2015). Development and validation of a visual body condition scoring system for dairy 

goats with picture-based training. Journal of Dairy Science, 98(9), 6597-6608. http://dx.doi.org/ 
10.3168/jds.2015-9428 

 

A. Vieira contribution started conducting the field work for the data acquisition, and the digital 

image analysis. The author also reviewed the available literature that led to the methodological 

options undertaken during development of the visual body condition scoring system, and leaded the 

inter-observer reliability study analysing its results. Finally, the author actively discussed all the 

results and drafted the manuscript.  

 

 

Body condition scoring (BCS) is the most widespread method to assess changes in body fat 

reserves, which reflects its high potential to be included in on-farm welfare assessment 

protocols. Currently used scoring systems in dairy goats require animal restraining for body 

palpation. 

In this study, AWIN (Animal Welfare Indicators project) proposes to overcome this 

constraint by developing a scoring system based only on visual assessment. The AWIN visual 

body condition scoring system highlights representative animals from three categories: very 

thin, normal and very fat, and was built from datasets with photographs of animals scored by 

a commonly used six-point scoring system that requires palpation in two anatomical regions. 

The AWIN scoring system development required three steps: i) identification and validation 

of a body region of interest; ii) sketching the region from photographs; iii) creation of 

training material. The scoring system reliability was statistically confirmed. An initial study 

identified features in the rump region from which we could compute a set of body 

measurements (i.e., measures based on anatomical references of the rump region)  



CHAPTER 7 | DEVELOPMENT AND VALIDATION OF A VISUAL 

BODY CONDITION SCORING SYSTEM FOR DAIRY GOATS WITH PICTURE-BASED TRAINING  

74 

that showed a strong correlation with the assigned BCS. To validate the result, we collected a 

final dataset from 171 goats. To account for variability in animal sizes and camera positions, 

we mapped a subset of features to a standard template and aligned all the rump images 

before computing the body measurements. Scientific illustrations were created from the 

aligned images of animals identified as representative of each category to increase clarity and 

reproducibility. For training material we created sketches representing the threshold between 

consecutive categories. Finally, we conducted two field reliability studies. In the first test,  

no training was given to four observers, while in the second, training using the threshold 

images was delivered to the same observers. In the first experiment, interobserver agreement 

was substantial, showing the visual scoring system is clear and unambiguous. Moreover, after 

training, results improved, reaching almost perfect agreement in the very fat category.  

Our results demonstrate that the visual body condition scoring system is not only a practical 

tool for BCS in dairy goats, but also shows potential to become fully automated, which would 

enhance its use in welfare assessment schemes and farm management. 

 

7.1 INTRODUCTION 
Goats mobilize body fat reserves according to their nutritional status, physiological needs 

and availability of adipose tissue (Morand-Fehr, 2005). Fat mobilization leads to metabolic 

changes that may have substantial impact on the animal’s health, welfare and production 

(Caroprese et al., 2009; Roche et al., 2009). There are different methods to monitor changes 

in body fat reserves but the body condition scoring (BCS) is the most widespread method 

across species, being considered simple and repeatable (Ferguson, Azzaro & Licitra, 2006).  

For cattle, sheep and goats, the scoring systems most commonly used to assess BCS are 

numerical rating scales (NRS) with five (Edmonson, Lean, Weaver, Farver & Webster, 1989; 

Ferguson, Galligan & Thomsen, 1994), six (Harwood, 2006; Hervieu & Morand-Fehr, 1999; 

Lowman, Scott & Somerville, 1976; Russel et al., 1969) or even eight-point scales (Wildman 

et al., 1982). These scoring systems are usually divided into intermediate scores (0.25 or 0.5) 

that result in 13 to 21-point scoring systems. For this reason considerable training and 

experience are needed from observers. Moreover, all these methods are subjective as they 

rely on the observer’s assessment, generally based on visual appraisal and/or palpation of 

anatomic locations that may demand animal restraining, which is time consuming and not 

easily achieved in large farms (Edmonson et al., 1989; Halachmi, Polak, Roberts & Klopcic, 

2008).  

In goats the most widespread method is the one first published in a preliminary form 

(Santucci & Maestrini, 1985) and later fully presented by Hervieu & Morand-Fehr (1999).  

It is a six-point scoring system with intermediate scores (0.25) that requires palpation of two 
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anatomical regions: the sternum and the lumbar vertebrae. The validity and inter-observer 

reliability of this scoring system was confirmed by Santucci et al. (1991). 

Body condition scoring is considered a valid, reliable and feasible welfare indicator with high 

potential to be included in on-farm welfare protocols (Botreau et al., 2009; Winckler et al., 

2003). One of the main challenges in welfare assessment is to develop scientifically sound 

on-farm protocols focusing on animal-based indicators (such as BCS), that can be 

implemented in an acceptable amount of time (Knierim & Winckler, 2009). 

The inclusion of traditional body condition scoring systems in on-farm welfare protocol for 

goats presents two challenges: 1) very detailed scoring systems require very experienced 

assessors; 2) body palpation requires goats’ restraint.  

The first challenge has been addressed in other on-farm protocols in goats (Anzuino et al., 

2010), as well as in other species (Welfare Quality, 2009a, 2009b), by limiting the scoring 

systems to two or three levels: e.g. very thin, normal and very fat. Because our main objective 

was to assure feasibility when using body condition scoring as a welfare indicator,  

this simplification was also selected as our priority.  

However, the second challenge remained unaddressed. Generally BCS levels are qualitative 

scoring systems built with verbal descriptions of how observers should assess visually and 

palpate different body regions and anatomical features. Most of the times, these verbal 

descriptors are difficult to elaborate and even more difficult to understand. Recently, different 

studies in dairy cows and buffalo species have shown that BCS can be obtained from images 

(Bewley et al., 2008; Ferguson et al., 2006; Negretti, Bianconi, Bartocci, Terramoccia & Verna, 

2008). We believe that visual scoring systems, that provide a realistic contextual representation 

of the different levels, should be validated as a reliable and replicable method for BCS.  

Thus, visual scoring systems should convey the appearance of a representative animal from 

each category. The definition of a representative for a given category, for the purpose of 

classifying subsequent sets of new images, is a common research topic in computer vision. 

Approaches either focus on the statistical distribution of features (Tu & Yuille, 2004), e.g., 

identifying mean/median images, or on the identification of threshold features, e.g. images 

that are on the transition between two different categories (Burges, 1998). We believe 

assessors, after getting acquainted with the spectrum of possible levels and thresholds, can 

easily identify the category of a new animal by comparing it with the representative category.  

Thus, there are three objectives for this study. First, to provide a systematic approach to the 

development of a visual body condition scoring system for adult dairy goats. Second,  

to develop a training program using the new scoring system based on the concept of 

threshold images. Finally, to assess the inter-observer reliability under field conditions. 
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7.2 MATERIALS AND METHODS  
The general flow for the development of a visual body condition scoring system is presented 

in Figure 2.  The study was organized in two stages. The first was the preliminary scoring 

system development study, and it took place between November and December 2012.   

The second stage, the final study for scoring system development, occurred between 

February 2013 and July 2014. Data were analysed using the base packages of the R statistical 

language (R Core Team, 2013). All the image processing tasks were performed in Matlab  

(The MathWorks, Inc., 2012).  

 

Figure 2. Visual body condition scoring system development outline 

 

Preliminary study for scoring system development 

a) Data acquisition 

We used 32 goats [20 Saanen, five Alpine and seven crossbreed (Saanen x Alpine)] from an 

intensive dairy goat farm to select the goat’s body region that would give us the best 

representation of the BCS levels. The goats were housed in pens with straw litter, with 

occasional access to exercise exterior areas. Diet was composed of a total mixed ration 

distributed twice per day, and goats were milked twice a day in an automatic milking parlour 

(average of 2.0 litters per goat per day). Kids were separated from their mothers after birth.  

Two experienced assessors independently scored the 32 goats using the BCS method 

developed by Hervieu and Morand-Fehr (1999). If there was any discrepancy, the final score 

was decided by consensus. Only adult goats were scored, independently of milk yield and 

days in milk. The BCS median was 3 with a range of 1.50 to 5.00. 

Using a camera (Nikon D60) with automatic exposure adjustment and focus, we took 

photographs from the front (sternum region) and the back (rump region) of each goat,  

as these are the anatomical regions where palpation is performed for BCS evaluation 

(Hervieu & Morand-Fehr, 1999). Environmental conditions (e.g. light and background)  
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and distance to the goats were always similar. For each photograph an object (e.g. piece of 

tape) of consistent height and width was placed on the animal to act as a frame of reference.   

 

b) Body measurements 

For image analysis we performed a total of four and eight measurements in millimetres of the 

front and rump regions, respectively (Figure 3). For the front view we assessed the sternum 

area (a1), sternum perimeter (p1), smaller width at the level of the fifth rib (w1), larger width at 

the level of the scapula (w2). In the rump region, we measured the width between tuber sacrale 

(hip or hook bones) (w3), smaller width of the rump region (w4), width between tuber ischia 

(pin bones) (w5), length of the rump region (l1), rump region area (a2), rump region perimeter 

(p2), lateral virtual area (a3) that corresponds to the negative or positive area that is limited by 

the line that unites the hipbone and the ipsilateral thurl, lateral virtual perimeter (p3) that 

corresponds to the line surrounding a3. Digital image analysis was always performed by the 

same operator, using ImageJ software (ImageJ 1.47t, http://imagej.nih.gov/ij/). 

 

Figure 3. Measurements and their relation with body features. Figure on the left (front 

view) shows the measurements: sternum area (a1), sternum perimeter (p1), smaller width at 

the level of the fifth rib (w1), larger width at the level of the scapula (w2). Figure on the center 

(rump region) shows the width between tuber sacrale (hip or hook bones) (w3), smaller 

width of the rump region (w4), width between tuber ischia (pin bones) (w5), length of the 

rump region (l1), rump region area (a2), rump region perimeter (p2). Figure on the right 

(lateral rump region) shows the lateral virtual area (a3), and the lateral virtual perimeter 

(p3). The lateral virtual area (a3) corresponds to the negative or positive area that is limited 

by the line that unites the hipbone and the ipsilateral thurl; the lateral virtual perimeter (p3) 

corresponds to the line surrounding a3. 
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c) Statistical analysis and results 

We used a stepwise linear regression method with the BCS value assigned by the Hervieu and 

Morand-Fehr (1999) method as the dependent variable and the body measurements as the 

independent variables. Front and rump view images were analysed separately. 

The rump region view stepwise regression had a higher adjusted R2 representing the region 

whose variables better explain the relationship between the BCS and the measurements 

performed (Table 8). The lateral virtual area (a3) showed the highest significance (Table 8). 

 

Table 8. Summary of the stepwise linear regression model applied to the front and rump 

view measurements (in millimetres). 

Body 
measurements1 

Coefficients Adjusted 
R2 

Residual 
Standard 
error (degrees 
of freedom) 

Estimate Standard 
error 

T 
value Significance   

Front view 0.39 0.81 (29) 

  Intercept 4.136 1.397 2.961 0.00606 **   

a1 7.387 x10-7 2.313 x10-7 3.194 0.00337 **   

p1 -1.454 x10-5 7.812 x10-6 -1.861 0.07297 .   

Rump view 0.88 0.36 (28) 

(Intercept)  5.485   2.204   2.489    0.0190 *     

a2 6.554 x10-5   2.810 x10-5    2.333    0.0271 *     

p2 -6.640 x10-3 4.106 x10-3   -1.617    0.1171       

a3 6.489 x10-4 1.018 x10-4   6.373 0.0000 ***   
1 The BCS value assigned by the Hervieu and Morand-Fehr (1999) method is the dependent variable 
and the body measurements are the independent variables. The front and rump view are compared by 
means of their adjusted R2. The view that has a greater adjusted R2 represents the region whose 
variables better explain the relationship between the BCS and the measurements performed. 
2 a1 = Sternum area, p1 = sternum perimeter, a2 = rump region area, p2 = rump region perimeter, a3 = 
lateral virtual area  
*** P < 0.001; ** P < 0.01; ** P < 0.05  
 
Final study for scoring system development 

a) Data acquisition 

We increased the sample to 171 goats, again with a BCS range of 1.50 to 5.00, and 3 as the 

median. The animals were from four different dairy farms and included the following breeds: 

Saanen (73), Alpine (24), Murciana (41) and crossbreed Saanen x Alpine (33).  

The environmental conditions, as well as the BCS assessment method, were the same as 

described for the preliminary study. Following the results of the preliminary study, we only 

took photographs and used the rump region measurements. We followed the same image 

collection procedures. 
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b) Unbiased body measurements and shape alignment 

To correct the measurements according to different body sizes and camera positioning, we 

aligned the rump features to a template. The template fixes a posture and a scale for the 

animal, so that the hip and pin bones (the four reference features) lay in the same position 

across photographs, as illustrated in Figure 4. The corrected body measurements were 

computed using the aligned features. 

 

Figure 4. Scheme showing the shape alignment process of different body size and camera 

pose using the four reference features in the animal rump 

 

To align all photographs, we assumed that the goats were  motionless and their rear legs were 

aligned perpendicularly to the body axis, which is a good description of the actual image 

acquisition conditions. Under these conditions, the four reference features, hip and pin 

bones, laid in the same plane and we could use a projective transformation to align all  

the anatomical references to the same template. By assuming that the whole rump is in that 

plane, which is a valid assumption for an observer far from the rump, we can apply the same 

transformation to the whole rump, including the remaining features. To determine the 

transformation between image and template, we first extract the rump feature positions,  

i.e., their pixel position in terms of its column u and line v in the image. To allow a technician 

to recover each feature pixel coordinates, we developed a Matlab application for manual 

feature labelling. 



CHAPTER 7 | DEVELOPMENT AND VALIDATION OF A VISUAL 

BODY CONDITION SCORING SYSTEM FOR DAIRY GOATS WITH PICTURE-BASED TRAINING  

80 

Following the recommendations of Azzaro et al. (2011) two technicians were used in the 

labelling phase, to ensure the final dataset was not biased by subjectivity.  

Labelling consisted of two parts. In the first, we annotated 11 points in the rump region,  

as illustrated in Figure 3 (rump region). In the second part, we annotated the lateral virtual 

area (a3) and the lateral virtual perimeter (p3) as illustrated in Figure 3 (lateral rump region).  

From the labelling process, each feature 𝑓 in each image becomes associated with a position 

in the image, represented by coordinates	 𝑢-, 𝑣- . We used the Matlab function cp2tform to 

find the projective transformation, 𝑇1 , that, when applied to the coordinates of the four 

reference features in the original image, transforms them to the coordinates of the four 

reference features in the template. We estimated the unbiased body measurements by 

applying the same transformation to all remaining features.  

To create an aligned image, i.e., an image where the reference features are aligned with the 

template, we used, 𝑇1 to align images using the Matlab function imtransform.  

c) Visual body condition scoring system validation 

We evaluated the relationship between the BCS and the unbiased body measurements using a 

stepwise linear regression. To explore relationships above the linear, we first computed the 

second and third order monomial of the measurements. We then applied a stepwise linear 

regression between these monomials and the BCS. 

While the independent variables may not present a normal distribution, which will be the 

case with the order two and three monomials, the linear regression is still the estimator with 

the minimum variance.  

d) Development of representative images 

We grouped all the animals into BCS categories: 0 - Very thin (BCS≤2), 1 - Normal (BCS>2 

and ≤ 3.5), and 2 - Very fat (BCS>3.5). Further details on these BCS categories are available 

in the Discussion section. We designed the categories to be mutually exclusive, so that each 

assessed goat falls into only one category. From the 171 goats, 38 were very thin, 91 were 

normal and 42 were very fat. 

We chose the representative animals based on the center of each category defined on the 

estimated body condition score 𝑏, i.e., for each animal on a given category x, we computed 

the estimated body condition score from the unbiased body measurements, and the third 

order polynomial estimated during the scoring system validation. The center of the category, 

𝑏3, corresponds to the estimated scores’ average for that category. Thus, the animal 𝑎3 at the 

center of a category, and therefore its best representative, is the animal with an estimated 

body score closest to 𝑏3. To avoid a sampling bias, we further selected 10 more animals with a 

similar visual distribution features’, i.e., we chose a set of animals	𝑎5  with the minimum 
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distance to 𝑎3, where the distance is defined as 𝑑 𝑎3, 𝑎5 = ‖𝑚3−𝑚5‖, where 𝑚3and 𝑚5 are the 

unbiased body measurements. 

To create a single sketch, we combined the 10 images of each category into a single one.  

We did so by looking at the distribution of each pixel value over the whole set of images.  

For example, consider the pixel in the sketch image with coordinates 𝑢, 𝑣 . To estimate the 

colour of each pixel,  𝑐;<=>3? 𝑢, , we first retrieved the colour of the pixel with coordinates 

𝑢,  over all the 10 images, 𝑠 𝑢, = {𝑐B 𝑢, 𝑣 , 𝑐C 𝑢, 𝑣 , … , 𝑐BE 𝑢, 𝑣 }, and then defined 𝑠 𝑢, 𝑣 . 

To minimize the impact of different breeds’ colour variation, we first converted all the colours 

to a grey scale, using Matlab function rgb2gray, and ensured that the distribution of colours 

was similar, using Matlab function histeq.  

e) Scientific illustration for final visual body condition scoring system 

We gave the final sketches to a professional scientific illustrator and after a conjunct analysis 

of several preliminary drawings, a final visual body condition scoring system was developed.   

 

Training program development for observers   

Our training program occurred between the months of September and November 2013 

applying the idea of threshold images. We defined the threshold as the interval of 

overlapping estimated body measurements, between two consecutive categories. The animals 

that were close to the center of the interval were used as threshold representatives.  

We determined if an animal was in the threshold interval if its estimated body condition 

score was higher/lower than those of a consecutive category. For example, consider an 

animal 𝑎5 in the very thin category with an estimated body condition score 𝑏5. Consider also 

that the minimum estimated body condition score in the normal category is 𝑏G. So, 𝑎5 is in 

the threshold region if and only if 𝑏5 > 𝑏G . We selected the representative animals and 

constructed the sketch images for the threshold animals using the same approach we used for 

each category. We then integrated these sketches into a training program developed  

for potential scoring system users.   

 

Inter-observer reliability study 

The goats used in the inter-observer reliability were kept in the same husbandry and 

management conditions as described above. Each individual goat was observed 

simultaneously by four observers. Observers 1 and 3 were veterinarians with 20 and five 

years of experience in clinical and research work with small ruminant, using BCS routinely in 

their studies in pregnancy toxaemia. Observers 2 and 4 were MSc veterinary students 

involved in research with dairy goats for their master thesis. Two observers (observers 1 and 

3) had previous experience in BCS with the Hervieu and Morand-Fehr (1999) method, but 

the other two (observers 2 and 4) did not. The standing goats were assessed from behind, 
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making sure there was a good visualization of the rump region. The observers were 

positioned caudally and slightly dorsally to each animal. The assessment of each goat took 

approximately one minute. The observers were not allowed to discuss their scorings during 

the observations.   

Considering an expected inter-observer reliability (𝑝B) of 0.8, acceptable (𝑝E) at 0.6 or higher, 

with 𝛼 = 0.05 and  𝛽 = 0.2, we estimated a minimum number of 40 observations to complete 

the studies (Walter et al., 1998). Previous studies have shown that a substantial score 

variation between observers with different experience is to be expected (Ferguson et al., 

1994; Kristensen et al., 2006) so analysis was done separately per observer experience;  

two observers were considered for the calculation of the sample size needed for the reliability 

study. This study included two experiments.  

a) Experiment 1 

The day of field testing took place in December 2013. Inter-observer agreement was assessed 

before training in the newly developed visual body condition scoring system, meaning that no 

information on threshold images was given. We used 45 dairy goats (very thin = 6; normal 

=19; very fat =20).  The breeds were Saanen (26), Alpine (7) and crossbreed (Saanen x 

Alpine) (12). 

b) Experiment 2 

The experiment was performed during one day of field testing in February 2014. This second 

part was identical to the first one with the exception that the observers had a training period 

before scoring the goats. The training was given by the scoring system developers and 

consisted of a theoretical presentation with careful explanation on how to assess, such as 

position of the observer and the distance from the goat. Instruction on how to use the visual 

body condition scoring system was aided by showing sketches of the representative and 

threshold images, and multiple photos of the different BCS categories and threshold animals. 

This was followed by a self-assessment test (the visual body condition training program is 

available upon request). A practical session with live animals was also conducted during 

which the scores were compared and discussed. After the training, we used 49 dairy goats 

(very thin = 4; normal =36; very fat =9). The breeds were Saanen (25), Alpine (9) and 

crossbreed (Saanen x Alpine) (15). 

Agreement (proportion of exact agreement and disagreement, by one and two points)  

and reliability (unweighted and weighted kappa) measures were calculated.  The proportion 

of agreement assesses the ability of observers to give an identical BCS, and is calculated by 

dividing the number of agreements by the total number of agreements and disagreements 

(Martin & Bateson, 2007). A value around 75% is generally considered a good agreement 

(Burn & Weir, 2011). 



 

PART II 

 83 

Reliability measures the ability of observers to differentiate among the different levels of a 

scoring system (Kottner et al., 2011; Streiner & Norman, 2008).  The weighted kappa (𝑘") 

coefficient indicates the proportion of agreement beyond that expected by chance and 

penalizes disagreements in terms of their seriousness (unweighted kappa - 𝑘 - treats all 

disagreements equally), being therefore appropriate for ordinal scoring systems (Cohen, 

1968; Lantz, 1997). As advised by Streiner and Norman (2008) we followed the quadratic 

weighting scheme, where the disagreement weights are based on the square of the amount of 

discrepancy. We followed Fleiss thresholds for  𝑘:  0 - 0.40 = poor; 0.41–0.75 = fair to good; 

and 0.76–1 = excellent; and Landis and Koch for 𝑘"  : < 0 = poor; 0.00–0.20 = slight;  

0.21–0.40 = fair; 0.41–0.60 = moderate; 0.61–0.80 = substantial; and 0.81–1 = almost 

perfect (Streiner & Norman, 2008).  

Data were analysed using the base packages of the R statistical language (R Core Team, 2013) 

and the specialized “psych” R package” (Revelle, 2014).  

 

7.3 RESULTS AND DISCUSSION 
Preliminary study for scoring system development 

In our preliminary study the “rump region view” stepwise regression had a higher  

R2 representing the region whose variables better explained the relationship between the BCS 

and the measurements performed. These results are in line with studies in dairy cows 

(Ferguson et al., 2006) and buffalos (Negretti et al., 2008) that found that BCS could be 

assigned from visualization of digital photographs taken from the rear of the animals. 

Moreover, in the Edmonson et al. (1989) study the overall score was most closely related to 

the scores of the pelvic and tail-head areas of the cow. 

So it was demonstrated that there is a strong relationship between dairy goats’ rump body 

measurements and body condition score. This result allowed us to identify which part of the 

goat we should use in the visual scoring system and where we should focus our final,  

and larger, study in which we formally validate the relationship.  

 

Final study for scoring system development 

The main objective of including BCS in on-farm welfare assessment schemes is to identify 

animals at risk of nutritional deficiency or excess, corresponding to very thin animals and 

very fat animals, that are predisposed to metabolic diseases and poor welfare; hence the 

method does not need to be very detailed (Winckler et al., 2003). In a study in dairy cows, 

although the mean differed between observers, assessors were consistent in their 

identification of the very thin and very fat animals (Ferguson et al., 2006).  

The recommendations for BCS of dairy goats under intensive conditions are: >2.25 and <3.5 

at dry-off; >2.75 and ≤3.5 at parturition; and >2 at peak lactation (Smith & Sherman, 
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2009b). Anzuino et al. (2010) in their on-farm welfare assessment established cut-off points 

for obviously thin as ≤ 1.5 and ≥ 4 for very fat. However, these cut-off values correspond to 

extreme conditions representing only emaciated or obese animals, excluding some that might 

also be considered at high risk in terms of nutritional balance.  

In fact, when using the Hervieu and Morand-Fehr (1999) scoring system, evidence suggests 

that goats with scores of 2.0 will show fertility problems (Santucci et al., 1991). Moreover, 

McGregor & Butler (2008) observed a correlation between BCS and mortality, finding that in 

cold weather conditions mortality increased rapidly when goats BCS was < 2.0, with no 

mortality of animal with BCS ≥ 2.5. For these reasons, we established the cut-off ≤ 2 for  

the very thin goats.  On the opposite side of the scoring system we considered very fat goats as 

the ones scored > 3.5, as BCS above this value corresponded to a higher risk for the 

development of pregnancy toxaemia, and other health problems (Smith & Sherman, 2009b). 

In the final study, the animals’ BCS variability increased considerably so as to represent the 

reality in many dairy farms. We also increased the number of images and included animals in 

the BCS extremes, which is not very common in the majority of farm animal body condition 

research (Bewley et al., 2008). We thus had animals from different breeds and with a large 

spectrum of sizes and body condition scores. To avoid biasing the result due to changes in body 

size, that may not be a consequence of the body condition score, we mapped the rump features 

to a standard template. This was done using a projective transformation between the rump 

plane and the template. We could not use a simple scaling of feature positions as in Azzaro  

et al. (2011), as we had distortion from changes in the camera orientation with respect to rump 

plane. As depicted in Figure 5, the camera orientation introduces different scale factors over 

the horizontal and the vertical axis of the rump region. As animals have different heights, it is 

not possible to find a fixed setup that would ensure a fixed orientation between the rump plane 

and the camera, contrary to what was suggested by Azzaro et al. (2011), where the features of 

interest are all in a plane parallel to the floor, independent of the animal’s characteristics.  

 

Figure 5. Scheme representing the distortion introduced from changes in the camera 

orientation with respect to rump plane 
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To align the animals to the template, we manually annotated them, which ensured an 

accuracy that would not have been possible if we had used automatic feature matching such 

as SIFT features (Lowe, 2004). 

Using the corrected features in the extended dataset we inferred that the unbiased body 

measurements and the BCS are related by a third order polynomial, demonstrated by the 

highest adjusted R2 (Table 9).  

 

Table 9. Summary of the adjusted R2 and residual standard error (degrees of freedom) for 

the three analysed models where we evaluated the relationship between the BCS and the 

unbiased body measurements using a stepwise linear regression. In the first model we 

explore a linear relation (First order polynomial), we then explore relations above the linear, 

computing the second (Second order polynomial), and third order monomial (Third order 

polynomial) of the measurements. Higher adjusted R2 is used as the criterion for determining 

the best model that explains the relationship between the BCS and the unbiased body 

measurements. 

Model Adjusted R2 Residual Standard error (degrees of freedom) 

First order polynomial 0.70 0.46 (164) 

Second order polynomial 0.73 0.44 (160) 

Third order polynomial 0.74 0.43 (160) 

 

We could now use the third order relation to parameterize our animals using the estimated 

body score 𝑏. The parameterization defines an order over the whole set of animals, as if we 

had mapped the set of all the animals into a line. This line includes information on both the 

body condition score and the rump measurements. Thus we defined the representative of 

each category and the threshold regions between categories based on the distribution of the 

animals over this line. In particular, we defined as the most relevant animal of each category 

to be the one closest to the	𝑏	distribution mean.  

When selecting a group of images close to the representative, and as the rump shape presents 

a large variability, we need to ensure that we choose a set of images where the rump of the 

animals presents an adequate overlap. We thus chose a set of animals whose appearance was 

similar to that of the representative. Having showed the relationship between the rump 

features and the anatomical characteristics we wished to highlight, we could use the rump 

features to define a similarity between animals instead of a more common texture or shape 

descriptors (Belongie, Malik & Puzicha, 2002). We finally got to the representative sketches 

and the scientific illustration for each category (Figure 6). The estimated body condition 

scores for the illustrations correspond to 1.75, 2.48 and 3.70 for the very thin, normal and 
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very fat respectively. Also, we obtained an estimated body condition score of 2.10 and 3.14 for 

the respective threshold image sketches. 

 

Figure 6. Representative images for the BCS categories (very thin, normal and very fat) and 

the respective scientific illustration. We also include the threshold images that delimit each 

category: Threshold I marks the separation between Very Thin and Normal, and Threshold II 

between Normal and Very Fat. Each representative image was created by combining the 

images of several animals of each category. The procedures for selecting the animals from 

each category and for combining are described in subsection Development of representative 

images.  

Both threshold images were created using the procedure described in subsection Training 

program development for observers. 

 

We found that the scientific illustrations increased clarity, reproducibility and repeatability.  

For the final scoring system (Figure 7) we also included some verbal descriptors to each level 

of assessment. This is frequently used with visual descriptors (Bana e Costa & Beinat, 2005) 

to aid assessors making their decision. 
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Figure 7. Final visual body condition scoring 

 Very thin Normal Very fat 

General 
condition 

Raw or slightly-raw boned 
goat, with backbone and 
some ribs visible. 

Backbone not prominent 
but still visible and ribs 
difficult to assess visually. 

Backbone and ribs not visible. 
Goat has a rounded 
appearance, sometimes with 
abdominal fat deposits visible. 

Rump 
region 

   

Hip and pin bones are 
prominent. 
 
The line that connects the 
hip bone and the thurl 
assumes a markedly 
concave shape. 
 
There is little muscle 
and/or fat between the skin 
and bone structures. 

Hip and pin bones still 
visible, but not 
prominent. 
 
The line that connects the 
hip bone the thurl 
assumes a slightly concave 
or straight shape. 
 
It is possible to realize 
some muscle and/or fat 
between the skin and 
bone structures. 

Hip and pin bones are difficult 
to identify. 
 
The line that connects the hip 
bone the thurl assumes a 
slightly or markedly convex 
shape. 
 
All the rump region is coated 
by muscle and fat, 
contributing to the rounded 
appearance of the goat. 

 

Training development for observers and Inter-observer reliability study  

A benefit for our study was the development of training material on the use of the visual body 

condition scoring system in goats. The integration of threshold images (Figure 6) greatly 

benefited the observers training, as can be seen by the results of the inter-observer reliability 

study (Table 10).  
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Table 10. Inter-observer agreement in the evaluation of the visual body condition scoring 

system before and after training of the observers, respectively. 

 Before training (n = 45) After training (n = 49) 

Observers Exact 
agreement 
(% / n) 

One point 
difference* 
(% / n) 

𝑘𝑎𝑝𝑝𝑎 
(95% 
CI) 

𝑘𝑎𝑝𝑝𝑎"=5J?>=K 
(95% CI) 

Exact 
agreement 
(% / n) 

One point 
difference 
(% / n) 

𝑘𝑎𝑝𝑝𝑎 
(95% 
CI) 

𝑘𝑎𝑝𝑝𝑎"=5J?>=K 
(95% CI) 

Observers 
1-31 

66.7 / 30 100 / 45 0.49 
(0.29-
0.69) 

0.70 (0.55-
0.86) 

85.7 / 42 100 / 49 0.75 
(0.58-
0.92) 

0.83 (0.70-
0.95) 

Observers 
2-42 

82.2 / 37 100 / 45 0.70 
(0.51-
0.89) 

0.80 (0.66-
0.94) 

81.6 / 40 100 / 49 0.70 
(0.51-
0.88) 

0.80 (0.67-
0.93) 

CI, Confidence interval 
1 Experienced observers 
2 Non-experienced observers 
 
Before training, the percentage of exact agreement was lower for the two experienced 

observers (67%), probably due to biases of previous experience with other BCS methods.  

In contrast, the non-experienced observers had a very good level of agreement (82%)  

(Table 10). After training, exact agreement increased in both experienced and non- 

-experienced observers, reaching very similar levels (86 and 82%, respectively) (Table 10). 

Moreover, before training, the pair of experienced observers had an agreement of 100% on 

the very thin goats, 47% on the normal goats and 63% on the very fat goats. After training, 

the pair kept the 100% agreement for the very thin goats and increased to 69% and 89% the 

agreement on, respectively, the normal and very fat goats (data not shown). The non- 

-experienced observers reached an agreement of 100% after training for both the very thin 

and very fat goats, having started at 83% and 68% respectively (data not shown). 

Both pairs, before and after training, had already very high percentages of exact agreement 

on the very thin goats, for this reason this category seems to be self-evident.  However,  

the training improved the agreement in both pairs of observers when scoring the very fat and 

the normal goats, showing the importance of the training especially on the threshold images, 

to clearly identify and distinguish the normal from the very fat goats.  

For the experienced observers, the 𝑘 and 𝑘"coefficients improved with the training reaching 

almost perfect agreement with the 𝑘"coefficient. The higher increase of the 𝑘 when compared 

with the increase of the 𝑘" , means that more scores became absolutely equal after the 

training.  

The non-experienced observers did not show any improvement in their 𝑘 and 𝑘"coefficients 

after training. The training of the non-experienced observers seemed to have only a marginal 

effect on their 𝑘 and 𝑘"values, however, their values were already considered almost perfect 

before the training, and so there was not much space for improvement. This can be an 

indication that the visual scoring system was by itself clear and unambiguous, and that the 
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non-experienced observers were very open to new information and interested in the new 

method, while the experienced observers had to be more “convinced” on the usefulness of the 

tool.  This positive effect of training for BCS assessment purpose was also reported for BCS in 

dairy cows (Kristensen et al., 2006), and hence it seems important to enhance inter-observer 

reliability. In the context of welfare assessment where the training of different observers with 

different levels of experience is the most likely situation, the development of training material 

that can be made available online is valuable.   

The construction of the visual body condition scoring system was possible because the visual 

cues on the rump region reflected the animals BCS. However, the extent to which the rump 

visual cues reflect the BCS of each animal depends on several factors, such as breed.  

The resulting large variability on the relationship between visual cues and BCS only allows 

for a separation of animals in the three categories we present. To obtain a more 

discriminative scoring system, we would have to decrease the variability by identifying each 

underlying factor. We would then create dedicated scoring systems by separating the animals 

according to those factors. We would hopefully achieve several more discriminative visual 

scoring systems, but on the overall they would be more difficult to use. The result would 

compromise the main objective that lead to the creation of this scoring system: the quick 

assessment of a large number of animals. 

 

7.4 CONCLUSIONS 
This study provides a practical tool for BCS in dairy goats by reducing subjectivity. The AWIN 

visual body condition scoring system for dairy goats was assessed for validity and 

repeatability, having been demonstrated that it is a simple, repeatable and expeditious 

compared to conventional methods. It is also less stressful to the goats, and can be used even 

by non-experienced observers with substantial levels of inter-observer reliability. It should be 

said that the AWIN scoring system does not aim to replace the current more detailed scores 

(especially considering the normal category) that are valuable for effective production 

monitoring, but aims to provide a quick first level assessment. Further studies are needed to 

set the maximum number of very thin and very fat animals that would trigger a second level 

assessment. Additionally, with this study we propose a systematic method for the creation of 

visual scoring systems with the potential to be applied in other contexts, and introduce the 

concept of threshold images to be used in the development of training programs. 
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Design and test of a web-survey for 

collecting observer’s ratings on lameness scoring data 
 
Chapter 8 describes how we designed, implemented and ran a web-survey with the objective of 

collecting observer’s ratings on goat lameness scoring data. Being an innovative method for data 

collection in animal lameness scoring, we give information on the web-survey outreach, and detail 

some insights from the work developed. 

 

This chapter has been submitted for publication as: Vieira, A., Oliveira, M.D., Nunes, T. & Stilwell, 

G. Design and test of a web-survey for collecting observer’s ratings on lameness scoring data. 

Manuscript submitted for publication. 

 

A. Vieira conceived the idea for paper, designed the web-survey and coordinated its implementation 
with the informatics company. The author compared the web-survey with other published methods 

of data collection and critically wrote this technical note.  

 

 

 

A considerable amount of applied research studies make use of scoring systems that are based on 

observer’s ratings collected during farm visits. New methods for collecting this type of data have 

recently emerged, for instance using videos or photographs that are presented and assessed 

during workshops or meetings. In this paper we present and discuss the use of web-surveys as an 

alternative method for data collection, using goat lameness scoring as an example. This paper 

describes how we designed, implemented and ran a web-survey, and were able to outreach a very 

high and diverse number of respondents. We explain how the web-survey based on an innovative 

technology-based design was implemented, and discuss how the survey results can enhance 

current investigation and open new research lines. We believe that this study contributes to the 

understanding of the role of web-surveys in animal clinical and welfare research, and presents 

important information for researchers and practitioners that need to collect and analyze 

observer’s ratings.  

 

8.1 INTRODUCTION 
Over the years lameness scoring research has been based on live assessment by an observer 

(Brenninkmeyer et al., 2007; Channon, Walker, Pfau, Sheldon & Wilson, 2009; Hill et al., 1997; 

Winckler & Willen, 2001), postal surveys (Wassink, Grogono-Thomas, Moore & Green, 2003), or 
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meetings in which multiple observers scored videos (Fuller, Bladon, Driver & Barr, 2006; Kaler 

et al., 2009; Van Nuffel, Sprenger, Tuyttens & Maertens, 2009) or a combination of videos and 

photographs (Foddai, Green, Mason & Kaler, 2012). Assessments in these studies have mostly 

been done within face-to-face meetings, generally workshop sessions, but the availability of new 

technologies allows for the development of alternative formats.  

Web-surveys are data collection tools being used successfully in several fields of research, for instance 

in the psychology field to develop scales of social competence (Yager, 2012), or in the marketing 

research area to assess consumer’s behaviour (van der Heijden, 2003; Horn et al., 2005).  

The main purpose of our study was to test whether web-surveys could be used to collect lameness 

assessments of people working in animal production, health or welfare, with the ultimate 

objective of collecting a large number of observer’s responses and analyzing the grounds for 

developing an alternative lameness scoring system. At a second level, and specifically, we aimed 

to analyze the scope for building a modified visual analogue scale (VAS) for dairy goats, as 

already developed for other species (Nalon et al., 2014; Tuyttens et al., 2009). A modified VAS is 

a continuous scale tagged with thresholds that divide its continuum into segments representing a 

numerical rating scale descriptor; therefore, modified VAS retain both the advantages of ordinal 

and continuous scales (Nalon et al., 2014) and may be more reliable than commonly used 

numerical rating scales. Our web-survey was designed to identify specific lameness signs to be 

included in the mentioned segments, and the position of the thresholds along the scale. 

Accordingly, some of the design options presented in this technical note – e.g., the scoring of 

three lameness signs using VAS – are associated with the specific aim of the above mentioned 

study, and hence discussed elsewhere.  

To our knowledge this is the first published study in which a web-survey is used with the 

objective of assessing a health indicator in the veterinary field. We herein detail how the web- 

-survey was developed and applied from a researcher viewpoint, so that others can replicate the 

experience and benefit from our experience. We further compare our web-survey with other 

published methods and lay-outs, and describe which kind of research will benefit from this data 

collection system, using goat lameness as an example.  

 

8.2 DEVELOPMENT AND APPLICATION OF THE WEB-SURVEY  
Web-survey preparatory stage 

The videos collected for this study were taken between December 2012 and March 2013 in two 

commercial dairy goat farms in Portugal, with an average milk yield of 2.1 liters per goat per day. 

The breeds included were Saanen, Alpine and crossbreed. Image collection was done during daily 

farm routines, mainly as goats exited the milking parlour, making sure that the goats were 

walking on an accustomed hard, levelled, non-slippery surface where at least four complete 

walking movements could be assessed. All filming took place within three hours after morning or 
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afternoon milking. The goats were filmed from the side using a fixed camera (Sony handycam 

HDR-CX190) at 50 frames per second with a 1440 x 1080 pixel resolution. In total we got 450 

minutes of observation time. The videos were analyzed by one researcher who produced a total of 

115 clips of approximately 10 seconds. Goats were filmed independently of their lameness 

condition and in a way not to disturb their natural behaviour.  

In April 2013, the 115 clips were scored by three experts. Considering that there is no universally 

established scoring system for lameness scoring in goats, we chose the one developed by Anzuino 

et al. (2010) because the type of farms and animals were similar in this study. This scale defines 

score 0 as absence of lameness, score 1 as slight lameness, score 2 as moderate lameness and 

score 3 as severe lameness. The criteria for expert’s recruitment were: clinical experience with 

goats, and behavioural observation competence with goats and other ruminants. The experts did 

not contact one another during the scoring process. A total of 82 video clips were approved with 

the following distribution per lameness score: 0 (n=21 videos), 1 (n=23), 2 (n=15) and 3 (n=23).  

The remaining 33 video clips were excluded due to direct suggestion of the experts, or because 

each expert assigned it a different lameness level. This previous scoring was essential in the 

context of our study to compare the survey respondent’s scores with an overall lameness scoring, 

this being a strategy followed in other studies (Nalon et al., 2014). 

 

Web-survey platform development and testing  

Web-surveys are part of Web 2.0 services (such as social networking or micro-blogging), and a 

sound, easy and cost-effective tool for formal scientific investigation (Buchanan & Hvizdak, 

2009). The web-survey used in this study was developed in a WordPress platform.  

No sensitive data such as names of respondents or IP addresses were collected. Although 

measures were taken to keep the anonymity of each respondent, there was the option to leave an 

e-mail contact for future communication of results. 

The web-survey consisted of three parts. In the first part there were some guidelines explaining 

the scope, giving a definition of the VAS and an explanation of what we intended respondents to 

assess (Figure 8). In the second part the respondents were asked about a) age and gender, b) level 

of education (primary, secondary or higher), c) occupation (farmers and stockpersons, animal 

scientists, veterinarians, researchers in animal behaviour and students), d) country of residence 

and e) experience in scoring goat lameness (inexperienced, little experience, experienced or very 

experienced) (Figure 9).  

In the third part of the survey, respondents were asked to assess lameness of animals shown on 

the videos. Each individual survey was composed of nine videos, randomly selected from the total 

pool. The order in which each video appeared to the respondent was randomized. Each 

respondent could watch the videos as many times as desired (Figure 10).  
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Figure 8. Print-screen of the web-survey presenting the guidelines page 
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Figure 9. Print-screen of the web-survey presenting the section for the respondent’s 

characteristics collection 
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Figure 10. Print-screen of the web-survey presenting a video and three individual VASs 

 

Considering that our study aims at collecting a large number of observer’s responses and 

analyzing the grounds for developing an alternative lameness scoring system,  

the respondents were asked to score three different lameness signs separately, rather than 

using the overall scale previously used by the experts, th Anzuino et al. (2010). The first sign 

to be assessed was “gait” as this is the one used in all lameness scales for goats (Anzuino et 

al., 2010; Hill et al., 1997; Mazurek et al., 2007). Additionally, we selected two other signs –  

head nodding and arched-back – that address specific lameness details.  
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Respondents scored each of the three signs in an individual VAS. The VAS used in the web- 

-survey was a 100 mm line, anchored on its extreme limits by “The sign is not present” and 

“The sign is present and is most severe”, with these verbal descriptors helping the 

respondents to understand the intermediate scores. Respondents were asked to move  

the marker along the continuum and their score was automatically measured from the zero to 

the respondent’s mark and stored online. The data was expressed to the nearest 0.5mm.  

Next to each VAS cursor, there were help buttons with the definition of the sign, as presented 

in the guidelines. Whenever unable to score the sign, the respondent could select the option 

“not possible to score”.  

Before the web-survey went online, we conducted a two week testing of the platform. The link 

to the web-survey was sent to 15 eligible respondents. All the process from the link access to 

the way the web-survey developer collected and sent the data was analyzed. These 15 

participations were not considered for the final results of the survey, but gave valuable input 

in the form of suggestions.  

 

Recruitment of respondents and collection of data  

The web-survey went online on the first week of May and ended on the last week of October 

2013. Respondents were recruited through announcements to the main international farm 

animal associations, universities and research institutions, working with small ruminants, 

mainly goats, or farm animal behaviour. The survey was also announced in internet 

platforms, such as Facebook and LinkedIn. 

Following Buchanan & Hvizdak (2009) ethical advice, the link to the web-survey always 

provided an explanation of the purpose of the study and how the data was going to be used 

and ensuring anonymity of information, as if to seek an informed consent for data use. 

As already mentioned, the respondents’ ratings were automatically measured and stored 

online in a mySQL file, and then stored with Microsoft Excel (Microsoft Office 2010).   

 

8.3 WEB-SURVEY OUTREACH 
Our web-survey had 2,312 views that resulted in 600 participations, and hence a response 

rate of 26%. By “views” we mean people who visited the website and started the web-survey 

but it also includes those that did not finish it.    

Of the total, 367 respondents were female and 203 were male, with ages ranging from 18 to 

75 years (Mean=36; SD=12). We had respondents from 35 different countries in all five 

continents – Portugal (261), United Kingdom (54), United States (40), Brazil (29), Canada 

(22), Italy (19), Germany (15), Austria (14), Norway (12), Switzerland (12), Greece (11), and 

Spain (11), with all the remaining countries having less than 10 respondents. Respondents’ 

education, occupation and experience were also very diverse (Table 11). 
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Table 11. Characteristics (education, occupation and experience) of the final sample of 

respondents (n=570) to the web-survey on goat lameness assessment. 

Education  
Higher 547 (96%) 
Secondary 21 (3.7%) 
Primary 2 (0.3%) 
Occupation  
Veterinarian 270 (47%) 
Researcher in animal behaviour 133 (23%) 
Animal science professionals 50 (9%) 
Student  89 (16%) 
Farmer and stockperson 28 (5%) 
Experience  
Inexperienced 217 (38%) 
Little experience 249 (44%) 
Experienced 85 (15%) 
Very experienced 19 (3%) 
 

8.4 INSIGHTS FROM DESIGNING AND 
IMPLEMENTING THE WEB-SURVEY 

The main strengths of the web-survey were the number and diversity of the respondents.  

Our survey collected a total of 570 true respondents (i.e., those that changed the default level 

of at least one individual VAS), whereas other studies ranged from three (Foddai et al., 2012; 

Fuller et al., 2006; Kaler et al., 2009) to 209 (Kaler & Green, 2008) respondents. 

Approximately 47% of the respondents were veterinarians, 23% were researchers in animal 

behaviour, 16% were students, 9% were animal scientists, and 5% were farmers. It is not 

frequent for studies to be able to congregate such a large variety of backgrounds.  

For example, the 40 observers in Tuyttens et al. (2009) and Van Nuffel et al. (2009) studies 

were all participating in an Animal Welfare Conference, Nalon et al. (2014) used 100 

undergraduate veterinary students from the same University and Kaler & Green (2008) used 

only farmers, and Kaler et al. (2009) only researchers.  

The same applies to experience. In our study around 38% of the respondents said to be 

inexperienced in goat lameness assessment, but 62% considered themselves to have some 

degree of experience in assessing goat lameness; among these, 29% deemed to be 

experienced or very experienced. Nalon et al. (2014), Tuyttens et al. (2009), and Van Nuffel 

et al. (2009) also collected participations from individuals with different levels of experience 

but Foddai et al. (2012), Fuller et al. (2006) and Kaler et al. (2009) only used experienced 

observers and Garner, Falcone, Wakenell, Martin & Mench (2002) only naïve observers.  

In short, our web-survey proved to be appropriate for analyzing the impact of background 

and experience on, in this case, lameness ratings or on the use and acceptability of different 

lameness scales. 
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One of the reasons for the small number and respondents’ homogeneity in some of the 

previously mentioned studies, is the logistic cost associated with data collection. A key 

advantage of using a web-survey is that the researchers do not have to organize meetings to 

collect the observers’ perception, and this might be especially important when the studies 

have more than one session planned or there are time constraints associated. Another 

advantage in having online participation is that respondents have the opportunity of 

answering at their own pace, without being influenced or pressed by the interviewer or other 

respondents in the room.  

Using a web-survey also carries important technologic advantages in terms of experimental 

design and data transcription. In our study, each respondents’ score was automatically 

collected and stored online. Additionally, if the respondent felt he or she could not perform 

the scoring, there was the option to select “not possible to score”. In general, other studies 

have used paper with information having to be later transcript into a database. The studies 

generally do not discuss this, but the process may entail an enormous amount of work. 

Moreover, Rhodes, Bowie & Hergenrather (2003) estimated that automatic data is associated 

with less entry mistakes, and with 20 to 80% saving in data collection costs.  

The web-survey platform employed several technological tools (e.g. help buttons) with the 

aim of providing an attractive and easy-going interface. Additionally, the fact that every time 

a different respondent started the survey a different selection of randomized videos was 

scored, allowing for different sets of clinical cases to be used in the survey, instead of a 

reduced selection or a limited combination of videos, which is a very important feature in 

clinical context. 

Through the characteristics and strengths mentioned above, a web-survey can potentiate on- 

-going investigation or open new research lines.  For example, online available data can be 

helpful in studies where researchers want to assess intra-observer agreement. Researchers 

can either insert the same video twice in the same scoring session, as we did in our 

experimental design, or invite the observers to repeat their scoring online a few days/weeks 

later. In live surveys, due to logistic constrains, the observations sets are usually separated 

only by a few hours with observers probably remembering previous scorings. This is 

particularly evident in most on-farm studies (Thomsen et al., 2008; Welsh et al., 1993),  

with only one or two hours elapsing between observations. 

Another process in animal sciences that may benefit from the use of web-surveys is the 

evaluation of the effect of training in lameness scoring. Most studies include training sessions 

that are usually short and completed just before the scoring sessions. For example, Tuyttens 

et al. (2009) discusses how short training before the scoring sessions can influence inter-

observer reliability. Performing or assessing the training online could overcome some of 

these drawbacks. Additionally, by establishing a fixed time for video or photographs 
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visualization, or by comparing videos in different settings, it is possible to simulate on-farm 

limitations when scoring lameness, thus improving training programs.  

Another potential advantage is to effectively identify true respondents by investigating 

different levels of competence. To be able to fulfil this objective, we can test for 

inconsistencies (depicting a conflict between the decision-maker assessment and a fixed 

model), a concept used in decision analysis studies (González-Pachón et al., 2014). When the 

fixed model is a numerical rating scale we can assess the order of the answers, ascertaining 

for ordinal consistency (Keeney, 1976). When the fixed model is a continuous scale it is 

important also to assess the intensity of the assessment, and therefore we can apply different 

cardinal consistency levels (Keeney, 1976). This way of analyzing lameness data can be an 

alternative to inter-observer reliability, allowing for individual variation to be considered.  

Because of the web-survey enormous outreach potential, even apparent low response rates 

are usually associated with high participations. For example, our response rate (26%) is lower 

than that obtained in the postal survey by Wassink et al. (2003) that achieved a 53% response 

rate. However, our figure corresponds to 570 respondents, a number far superior to the 209 

in the study on sheep footrot.  

Some drawbacks associated with this data collection method might be pointed out.  

For instance, the recruitment strategy used does not ensure a true random sampling of 

respondents, but as Rhodes et al. (2003) discuss in their work, it is always a challenge to 

make generalizations between a sample and the target population. In fact, nearly all lameness 

assessment studies are based on small groups of observers in workshops or conferences or in 

expert opinions in which extrapolations should assume some margin for mistake.  

Additionally, the cost of the development and implementation of the web-survey can also be 

considered a weakness for some projects. To estimate the cost of a web-survey several items 

have to be taken into account (these values report to private companies operating in 

Portugal):  the web-survey platform development (500-1,000€, depending on the design 

needs, requisites in technological tools and interface design), and the technical support and 

data transcription (20-50€, per six months). Additional costs with the web-hosting (10-15€, 

per month), and web-site domain (10-20€, per month) should be considered. 

The time needed to prepare the web-survey can range from two weeks to one and a half 

month. This, associated with the time the web-survey is online, can also be considered a 

downside considering the timeline of some projects. However, it is important to acknowledge 

that we do not know the costs and time associated with data collection methods used in other 

published studies. 

The potential use of videos or photographs of animals in poor welfare conditions by people 

with purposes other than the participation in the web-survey should always be taken into 

account. Two strategies can be implemented: never publish videos or photos that were not 
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authorized by the animals’ legal caretaker and make an initial identification/registration to 

the web-survey mandatory. However, this can send to the participant a message of lack of 

anonymity which is not desirable in any study. 

In conclusion, it was demonstrated that a web-survey can be a very valuable tool for data 

collection in veterinary or animal production research, such as lameness in dairy goats. It has 

the potential to reach a large number of respondents of varied background and experience,  

as well as providing ready to use data.  
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Making the case for developing alternative lameness 

scoring systems for dairy goats 
 

 

 
Chapter 9 presents the grounds for developing a modified VAS to assess lameness in goats, 
and discusses the level of measurement that can be used on dairy goat on-farm welfare assessment. 

 

This chapter has been accepted for publication as: Vieira, A., Oliveira, M.D., Nunes, T. & Stilwell, G. 

(in press) Making the case for developing alternative lameness scoring systems for dairy goats. 

(Accepted at Applied Animal Behaviour Science)  

 
A. Vieira conceived the idea for paper and designed the experiments. The author also collected and 

processed the data in cooperation with the informatics company, analysed and discussed the 

results, finally writing the manuscript.  

 

 

 

 

 

Lameness is a behavioural indicator of pain that negatively affects dairy ruminants’ health 

and welfare. Lameness is generally assessed by subjective methods, based on the observation 

of the animal’s behaviour, using numerical rating scales (NRSs) – the most common scoring 

system – and visual analogue scales (VASs).  

Distinct drawbacks have been associated with both types of scales. NRSs have been 

associated with a reduced sensitivity to capture variations in lower levels of lameness that 

may adversely impact animals’ welfare assessments. VAS is considered too subjective and 

associated with low user-acceptance. Recent literature on health scales has been focusing on 

the development of modified VASs that define equal ranges along the scales’ continuum,  

with thresholds representing a NRS descriptor. Although good results have been reported in 

using these modified VASs for lameness scoring, the literature recognizes that it is 

paramount to test whether existing NRS descriptors are equal spaced in the VAS continuum, 

as well as research the extent to which lameness intensity varies for different lameness and 

posture signs used to define NRS descriptors. The answers to these questions are vital for the 

development of new modified VASs to assess lameness in goats. 
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Aiming to address these questions we collected and analyzed lameness scorings using 

individual VASs to score three lameness and posture signs (gait, head nodding and arched- 

-back). Lameness scorings were performed through a video-based web-survey. We collected  

a total of 570 valid participations from respondents with different occupations and 

experience. Because of expected differences in the respondents’ ability to assess lameness,  

we analysed answers by levels of cardinal consistency. Our results showed: 1) respondents’ 

difficulties in recognizing and discriminating across some NRS descriptors; 2) these 

difficulties varied with the lameness severity and with the lameness sign; 3) gait, the basis for 

NRS lameness descriptors in goats, was not scored evenly spaced along the continuum of the 

VAS; 4) similar results were found for the head nodding and arched-back signs. 

In conclusion we suggest that the exact location of the thresholds along the continuum of the 

VAS should be reassessed, and the inclusion of different lameness and posture signs in scales 

should receive further attention before new modified VASs are developed. Moreover, the use 

of NRS in lameness scoring should only consider their ordinal measurement properties, 

therefore giving space for developing, validating and using alternative lameness scoring 

methods in farm animals that allow for higher measurement levels. 

 

9.1 INTRODUCTION 
Lameness is an important behavioural indicator of pain caused by claw or limb injury or 

disease. It has been shown to negatively affect dairy ruminants’ feed intake and milk yield 

(Christodoulopoulos, 2009; Flower & Weary, 2009; Green, Hedges, Schukken, Blowey & 

Packington, 2002; Palmer, Law & O’Connell, 2012) and fertility (Eze, 2002; Flower & Weary, 

2009; Hernandez, Garbarino, Shearer, Risco & Thatcher, 2005). It has also been shown that 

lameness affects individual (Blackie, Amory, Bleach & Scaife, 2011; Juarez, Robinson, 

DePeters & Price, 2003) and social behaviour (Galindo, Broom & Jackson, 2000) of dairy 

animals. Consequently, lameness is regarded as one of the most serious health and welfare 

problems in dairy ruminants (Flower & Weary, 2009; Webster, 2001).  

Lameness can be assessed by objective (based on the use of equipment that collects kinetic 

and kinematic data) or subjective (based on the observers’ ratings using different scoring 

systems) methods, although the latter are more generally used (Flower & Weary, 2009; 

Meagher, 2009).  

Within subjective methods, it is very important to consider the effects of both the observer 

and the scoring system (Flower & Weary, 2009). Different scoring systems and scales have 

been used for different animal species. A recent review on locomotion scoring systems in 

dairy cows identified 25 different scoring systems of which 22 were numerical rating scales 

(NRSs), and three were visual analogue scales (VASs) (Schlageter-Tello et al., 2014).  

For sheep we found three NRSs (Kaler et al., 2009; Ley, Livingston & Waterman, 1989; 
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Welsh et al., 1993) and one VAS, developed by Welsh et al. (1993). For goats we found four 

NRSs (Anzuino et al., 2010; Christodoulopoulos, 2009; Hill et al., 1997; Mazurek et al., 2007) 

but no continuous lameness scale, namely VAS.  

NRSs are explicit grading methods in which each individual is scored accordingly to different 

lameness descriptions that correspond to a whole number (Gaynor & Muir, 2008).  

This suggests that the different descriptors represent an equal increase or decrease in 

lameness intensity, which may not be true (Gaynor & Muir, 2008). NRSs are artificial 

constructs as lameness can be seen as varying in a continuous trait; hence, when we only 

allow the observers to make scorings based on a limited number of descriptors, there is 

reduced sensitivity on animals’ welfare assessment and a loss of valuable information (Nalon 

et al., 2014; Streiner & Norman, 2008). 

Therefore the VAS, as a continuous scale, may be considered a better alternative for lameness 

scoring. The VAS has the advantage of not imposing a choice for limited and closed 

categories, being possible to score a change on the VAS even if a change between categories 

would not occur, and hence being more sensible to small variations in signs (Averbuch & 

Katzper, 2004; Paul-Dauphin et al., 1999; Welsh et al., 1993). Nonetheless, VASs have not 

made their way into lameness scoring as they are generally viewed as being too subjective, 

with low user-acceptance, and difficult to use in farm conditions (Engel et al., 2003; Kaler et 

al., 2009).  

Current research in scale development has recently been focusing on the development of 

modified VASs to assess different health indicators, for example, pain in humans (Averbuch 

& Katzper, 2004) and lameness in dairy cows (Tuyttens et al., 2009) and in sows (Nalon et 

al., 2014). According to these studies, the modified VAS holds some of the NRS strengths,  

as it provides extra help by placing thresholds, functioning as additional anchors or cues, 

along the scale to guide observers in their scorings, increasing perception, helping the 

observers to make consistent choices and hence increasing inter-observer reliability while 

keeping a higher resolution and lower error probability.  

These examples of modified VASs split the continuum into equal ranges, placing (underlying) 

NRS descriptors as thresholds to these ranges for which a text box composed by different 

lameness and posture signs is added. However, it is imperative to assess if the distribution of 

the NRS descriptors in the VAS is in fact evenly spread.  

In this study we assess the grounds for developing a modified VAS to assess lameness in 

goats by investigating the distribution of different lameness and posture signs along the 

scales’ continuum. We did so by adopting a two-stage approach: first by observing  

the respondents ability to recognize signs’ intensity increase or decrease, which are needed to 

discriminate the underlying lameness descriptors; and then, by analysing how different gait 

and posture signs are scored individually in a VAS.  
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9.2 MATERIALS AND METHODS 
Web-survey and data collection 

The web-survey consisted of three parts. In the first part guidelines explaining the scope and 

how respondents should conduct the scoring were presented. In the second part the 

respondents were asked about (1) their age and gender, (2) level of education (primary, 

secondary or higher), (3) occupation (farmers and stockpersons, animal scientists, 

veterinarians, researchers in animal behaviour or students), (4) country of residence, and (5) 

experience in scoring goat lameness (inexperienced, little experience, experienced or very 

experienced). In the third part of the survey, the respondents were asked to answer a 

questionnaire. Each questionnaire was composed of nine videos, randomly selected from  

a pool of 82 videos. The order in which each video appeared was randomized and each 

respondent could watch the videos as many times as desired. The videos were previously 

scored by three experts using a commonly used four-descriptor NRS, the Anzuino et al., 

(2010), which was developed for similar type of animals and farms. This scale considers one 

level for normal gait and therefore for absence of lameness (descriptor 0), and three 

consecutive increasing levels of lameness (descriptors 1, 2 and 3). This scoring system was 

used as the basis to compare the respondent’s scores with an overall lameness scoring. As in 

lameness scoring no gold standard is available, we used the expert’s scoring consensus to 

establish the overall lameness status, thereby adopting a similar strategy to other studies that 

have looked into the validity and reliability of lameness scoring scales (Engel et al., 2003; 

Nalon et al., 2014; Tuyttens et al., 2009; Van Nuffel et al., 2009). 

In each survey the respondents were asked to score three different lameness signs separately, 

rather than using the scale previously validated by the experts, the Anzuino et al. (2010) 

lameness scoring system. The first sign to be scored was “gait” as this is the one used in all 

lameness scales for goats (Anzuino et al., 2010; Hill et al., 1997; Mazurek et al., 2007). 

Additionally, we selected two other signs – head nodding and arched-back – that address 

specific lameness posture signs and are commonly used in other species. Each respondent 

scored the three signs in an individual VAS, which consists on a nonverbal scale that records 

lameness in a continuous way. This scale was first developed for use in pain assessment in 

humans (Scott & Huskisson, 1976) and since then has been used to measure a variety of 

subjective phenomena in the behavioural and social sciences and is considered of potential 

value for the measurement of different clinical conditions (Wewers & Lowe, 1990). The VAS 

used in the web-survey was a 100 mm line, anchored on its extreme limits by: “The sign is 

not present” (corresponding to a 0 scoring) and “The sign is present and is most severe” 

(anchored in 100). Each respondent was asked to move the marker along the continuum and 

his/her score was automatically measured from the zero to the respondent’s mark and stored 

online. The data was expressed to the nearest 0.5mm. Whenever unable to score the sign,  
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the respondent could select the option “not possible to score”. Further details of the web-

survey development and implementation are available elsewhere (Vieira et al., submitted).  

The data collected from May to October 2013 was exported to Microsoft Excel (Microsoft 

Office 2010), and analysed using the R statistical language (R Core Team, 2013). 

 

Design for consistency testing 

To investigate whether the respondents were able to recognize the change in signs’ intensity, 

that is needed to discriminate different descriptors, we defined four competence levels.  

These levels are based upon four cardinal consistency levels, in line with consistency 

concepts from the decision analysis literature (Keeney, 1976; Keeney & Kirkwood, 1975) – see 

Table 12. Descriptors 0 to 3 presented in Table 12 depict the descriptors in the Anzuino et al., 

(2010) lameness scoring system. Overall answers were included in dataset A. The first 

cardinal consistency level resulted in dataset B, composed by all respondents that were able 

to properly distinguish between non-lame (descriptor 0) and severely lame (descriptor 3) 

animals – this is in line with previous studies that pointed out that severely lame animals are 

almost always identified by the observers (Brenninkmeyer et al., 2007; Kaler et al., 2009; 

March et al., 2007; Christoph Winckler & Willen, 2001).  

 

Table 12. Description of the datasets that correspond to the different levels of cardinal 

consistency being investigated. The different levels were built in line with consistency 

concepts from the decision analysis literature and depict state of the art literature in 

observers' lameness scoring inconsistencies. 

Dataset Cardinal consistency levels 

A All respondents. No exclusion criteria applied. 

B  All respondents capable of distinguishing between non-lame (descriptor 0) and 
severely lame animals (descriptor 3). 

C  
Respondents able to distinguish non-lame and slightly lame (descriptors 0 and 
1 considered together) from moderate and severely lame animals (descriptors 2 
and 3 considered together). 

D Respondents able to distinguish non-lame (descriptors 0 and 1 considered 
together), moderate and severely lame animals. 

 E All consistent. Respondents able to distinguish across all descriptors of 
lameness. 

Note: The lameness descriptors mentioned are the ones described in Anzuino et al. (2010) lameness 
scoring system.  
 

The second cardinal consistency level – analysed through dataset C – contained all respondents 

that were able to distinguish non-lame (descriptor 0), and slightly lame (descriptor 1) animals, 

from obviously lame ones [i.e., those with evident compromised motility, therefore moderate 

(descriptor 2) and severely lame (descriptor 3)]. This level is in line with studies describing that 
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even with low levels of training and experience, individuals are able to distinguish between these 

groups of animals (Brenninkmeyer et al., 2007; March et al., 2007).  

As available evidence points out for difficulties in scoring and discriminating the lower levels of 

lameness (Brenninkmeyer et al., 2007; Kaler et al., 2009; Nalon et al., 2014; Winckler & Willen, 

2001), a third dataset – D – was also analysed for individuals who were able to distinguish all 

descriptors, with the exception of descriptors 0 and 1.  

The last cardinal consistency analysis included respondents that were able to distinguish  

all descriptors so being fully consistent. This fourth group was designed dataset E.  

To assess differences in the respondents’ consistency, we applied these cardinal consistency levels 

(Table 12) to the three lameness signs separately (Table 14) and for the four datasets (note that 

respondents were included in all datasets for which they met the selection/inclusion criteria 

presented in Table 12).  

 

Statistical design to test for evenly spaced descriptors 

To test if the lameness descriptors were evenly spaced in all the datasets analysed and 

considering the three signs separately, we compared two alternative regression models  

and compared their explanatory power by means of their adjusted R2 and of their Akaike 

information criterion (AIC). In regression analysis, as fit increases with the number of 

explanatory variables included in the regression, we used the adjusted R2 to deal with this 

fact (Wooldrigde, 2008). Additionally, we used the AIC as a measure of the relative quality  

of statistical models such that minimum AIC values captures a better fit (Sakamoto, Ishiguro 

& Kitagawa, 1986). The higher adjusted R2 and the lower AIC were used as the criteria for 

deciding upon the best model that captures the distribution of descriptors along the VAS.  

The two models were:  

1) a linear regression model that assumes that descriptors are evenly spaced, i.e.,  

that defines Y (the VAS score), by means of 	𝛼 + 	𝛽𝑥, where 𝑥 represents the lameness 

descriptor accordingly to the experts; 𝑥  can take the values of 0, 1, 2 and 3. Hence, 

lameness descriptor 0 will be converted in 𝛼 , lameness descriptor 1 will be 𝛼 + 	𝛽 , 

lameness descriptor 2 will be	𝛼 + 	𝛽 ∗ 2, and lameness descriptor 3 will be 𝛼 + 	𝛽 ∗ 3.	 

This model assumes a univariable linear relationship where Y (the VAS score) is linearly 

related to the explanatory variable, the ordinal score accordingly to the experts;  

2) a multiple linear regression that does not impose that descriptors are evenly spaced,  

i.e., that defines Y (the VAS score), by means of 𝛼´ + 	𝛽B𝑥B + 	𝛽C𝑥C	 + 	𝛽Q𝑥Q, where 𝑥5 is a 

variable equal to i when the observation that corresponds to the video was scored with 

the descriptor according to the experts, and zero otherwise. It means lameness descriptor 

0 will be converted in 𝛼´, lameness descriptor 1 will be 𝛼´ + 	𝛽B ∗ 1, lameness descriptor 2 

will be 𝛼´ + 	𝛽C ∗ 2, and lameness descriptor 3 will be 𝛼´ + 	𝛽Q ∗ 3.  



 

PART II 

 109 

If the multiple regression model presented the higher adjusted R2 (this case being expected  

if lameness descriptors were not evenly spaced), the next step was designed to test if the partial 

regressions coefficients 	𝛽B , 𝛽C  and 𝛽Q  were statistically equal. In order to do this, pairs of 

coefficients were statistically compared (e.g., 𝛽C −	𝛽B = 0	 <=> 	𝛽C = 	𝛽B, as the null hypothesis 

of the T test (Wooldrigde, 2008)).  

9.3 RESULTS  
Respondents’ characteristics 

We first conducted an analysis of the 600 participations so as to eliminate respondents that 

failed to complete the survey. This led to the elimination of 30 respondents that did not 

change the default level of at least one individual VAS. Of the final 570 accepted respondents 

367 were female and 203 were male, with ages ranging from 18 to 75 years (Mean=36; 

SD=12). The characteristics of the 570 accepted respondents (from 35 countries, with 45% 

from Portugal) are shown in Table 13. 

 

Table 13. Overview of the characteristics (gender, education, occupation and experience)  

of the final sample of respondents. We present the total number (and the percentage of the 

total number of respondents) of each characteristic in assessment. 

 Individual characteristics  Number of respondents  
N=570 

Gender Female 367 (64%) 

Male 203 (36%) 

Education Higher 547 (96%) 

Secondary 21 (3.7%) 

Primary 2 (0.3%) 

Occupation Veterinarian 270 (47%) 

Researcher in animal behaviour 133 (23%) 

Animal science professionals 50 (9%) 

Student  89 (16%) 

Farmer and stockperson 28 (5%) 

Experience Inexperienced 217 (38%) 

Little experience 249 (44%) 

Experienced 85 (15%) 

Very experienced 19 (3%) 
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Answers’ cardinal consistency 

The data presented in Table 14 show the number of respondents that integrate each dataset 

after applying the levels of cardinal consistency (Table 12) to the three lameness signs 

separately. As the cardinal consistency levels get more demanding fewer respondents respect 

the consistency conditions, in all the lameness signs. 

For the three signs it was shown that only 10% of observers were inconsistent when 

distinguishing between the non-lame (descriptor 0) and the most severe (descriptor 3) cases, 

and less than 41% were fully consistent when considering the four descriptors in assessment. 

The major drop in consistency occurs when it is asked to distinguish between non-lame and 

slightly lame animals. Considering the gait example, the percentage goes from 71% to 41%, 

while in the case of head nodding it goes from 57% to 32%.  Between datasets C and D  

(that differ in the fact that in dataset D makes the distinction between moderate cases), the 

percentages of respondents' inclusion is not very different – again for the gait example,  

the percentage drops from 76% to 71%.  In all the datasets, higher levels of cardinal 

consistency were observed for gait, when compared with the other two signs. The arched- 

-back sign was the one that presented higher levels of inconsistency in all the analysed 

datasets, with the percentages of inclusion of respondents ranging from 90% (dataset B)  

to 25% (dataset D). 

 

Table 14. Datasets (identified from B to E with the number of respondents that respect 

different levels of cardinal consistency considered, for each lameness sign (and as a 

percentage of the total number of respondents included in dataset A) 

 B C D E 

Gait 558 (98%) 436 (76%) 405 (71%) 236 (41%) 

Head nodding 531 (93%) 387 (68%) 326 (57%) 180 (32%) 

Arched-back 513 (90%) 308 (54%) 245 (43%) 145 (25%) 
 

Testing for evenly spaced descriptors 

The regression models were applied to each combination of lameness sign and dataset (using 

the answers of the individuals identified in Table 14) and statistically confirmed a non-even 

distribution of the four underlying lameness descriptors along the VAS continuum.  

The multiple linear regression model showed to be more suitable for this data when 

compared with the linear regression model (as captured by a higher adjusted R2 and lower 

AIC). In Table 15 we present the coefficients and results for the two regression models 

applied to the “All consistent” dataset and for the gait sign – we selected this case as an 

example. Similar results in adjusted R2 and AIC were obtained for other datasets. 
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We found statistically significant differences in the pairwise comparisons of the partial 

regression coefficients for almost all signs and datasets (for the multiple regression),  

re-enforcing the previous suggestion of unequal distance between lameness consecutive 

descriptors of existing NRS. The only exception was in the dataset C (where we compare 

respondents able to distinguish the non-lame and slightly lame group (descriptors 0 and 1 

considered together) from the moderate and severely lame animals (descriptors 2 and 3 

considered together) for arched-back, in which the difference between the 

coefficients	associated with lameness descriptors 1 and 2 was not found to be statistically 

significant. 

 

Table 15. Summary of the linear and multiple linear regression models applied to the  

“All consistent” dataset and for the gait sign. The linear model implies a linear relation 

between the VAS score given by the respondents and the experts’ ordinal score; hence it fits 

data where we can observe evenly spaced (consecutive) lameness descriptors. The multiple 

linear model assumes there is a simultaneous, and different, effect of the different lameness 

descriptors on the VAS score; for this reason it allows for an uneven distribution of the 

lameness descriptors. Higher adjusted R2 and the lower AIC are used as the criteria for 

determining the best model that fits the distribution of descriptors along the VAS. 

Model 

Coefficients Adjusted 
R2 

Residual 
Standard 
error 
(degrees 
of 
freedom) 

AIC 

Estimate Standard 
error 

T value Significance 

LINEAR REGRESSION MODEL 

0.58 23.56 
(2087) 19132.34 

Expert's scoring 
lameness descriptor 
0  (𝛼)  

6.74 0.86 7.80 0 

Expert's scoring 
lameness descriptor 
1, 2 or 3 (𝛽) 

24.96 0.46 54.00 0 

MULTIPLE LINEAR REGRESSION 

0.60 22.94 
(2085) 

19023.44 
 

Expert's scoring 
lameness descriptor 
0 (𝛼´) 

12.52 1.01 12.42 0 

Expert's scoring 
lameness descriptor 
1 (𝛽B) 

12.67 1.42 8.92 0 

Expert's scoring 
lameness descriptor 
1(𝛽C)	 

20.05 0.71 28.26 0 

Expert's scoring 
lameness descriptor 
3 (𝛽Q) 

24.69 0.47 51.98 0 
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9.4 DISCUSSION 
Our web-survey respondents probably represent usual users of lameness scales with the 

majority having at least some experience in assessing goat lameness.  

This novel data collection method allowed us to assemble a large dataset enabling us to 

answer the questions proposed in the beginning of the study and to establish the grounds for 

a modified VAS for lameness in goats.  

To answer if respondents could recognize intensity changes in signs, we explored consistency 

through a cardinal consistency assessment design. This strategy was adopted as we expected 

different levels of competence in lameness scoring among our sample of respondents.  

In decision analysis studies, inconsistency represents a conflict between the decision-maker 

assessment and a fixed model (González-Pachón et al., 2014). This is also in line with the 

definition of inconsistency in inter-observer reliability lameness studies: to verify whether an 

observer's rating matches the NRS model, ascertaining for ordinal consistency. Similarly to 

ordinal consistency, cardinal consistency allows not only for assessing the order of the 

answers, but also the intensity of the assessment (Keeney, 1976).  

To verify respondents’ consistency, respondents’ scores were analysed separately per 

lameness sign and organized into four datasets as previously explained. It is important to 

remember that the same respondent could be integrated into more than one dataset. In this 

analysis, we were not interested in the lameness scoring of respondents who only had a 

specific level of consistency, but wanted to compare lameness scoring results by increasing 

levels of consistency. 

Our results showed that respondents had variable difficulties in recognizing the increase and 

decrease in intensity of the three lameness signs. These difficulties were first recognized 

among different levels of competence in lameness scoring. A very high proportion of 

respondents was able to differentiate the severely lame from the true non-lame goats (dataset 

B) in the three lameness signs observed, which is in line with results from previous studies 

(Brenninkmeyer et al., 2007; Kaler et al., 2009; March et al., 2007; Winckler & Willen, 

2001). However, when analysing gait, only less than half distinguished the true-non lame 

descriptor from the slightly lame descriptor (dataset E), showing in goats what was already 

studied in other species – most difficulties in lameness scoring were in the lower side of the 

scales (Brenninkmeyer et al., 2007; Kaler et al., 2009; Nalon et al., 2014; Winckler & Willen, 

2001).  

Comparing datasets C and D, which differed in the inclusion of respondents that could 

differentiate moderate cases of lameness from the severe, the number of respondents was not 

very different, especially considering the gait sign. This result contradicts the 

recommendation to aggregate descriptors given by some authors (Brenninkmeyer et al., 

2007; Channon et al., 2009), showing that for moderate cases this can entail a loss of 
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important information in welfare assessment by failing to detect moderate cases before they 

become severely lame.  

The number of respondents that fit into the head nodding and especially the arched-back 

datasets is consistently lower in all the cardinal consistency levels, when compared to gait, 

displaying more difficulties in scoring these signs.  For this reason, the inclusion of different 

gait and posture signs in lameness descriptors should be done with care. Our results apply to 

lameness scoring in goats, but we believe that this question should receive further attention 

in future studies in other species, for which the inclusion of these lameness posture signs in 

NRS descriptors is very common. The cardinal consistency levels assessment was an effective 

way of analysing lameness data, excluding respondents that were not true-respondents, but 

allowing for individual variation to be considered.  

To test if consecutive descriptors were evenly spaced, we compared two regression models:  

a linear regression model and a multiple linear regression model. The first model implies a 

linear relation between the VAS score given by the respondents and the experts’ ordinal 

score; hence it fits data where we can observe evenly spaced (consecutive) lameness 

descriptors. The second model assumes that different lameness descriptors have distinct 

effects on the VAS score; for this reason it allows for an uneven distribution of the lameness 

descriptors. The multiple linear regression model was the one that better fitted all the 

combinations of datasets and lameness signs. Therefore, it suggests that respondents did not 

perceive these lameness descriptors as being evenly spaced. This result was observed in all 

lameness signs.  

Three studies have examined the issue of evenly spaced lameness descriptors – two with 

dairy cows (Engel et al., 2003; Thomsen et al., 2008) and one with sheep (Welsh et al., 1993). 

Engel et al. (2003) found lameness descriptors to be equally distant; however it should be 

pointed out that this study did not include videos with the most severe lameness cases. Welsh 

et al. (1993) and Thomsen et al. (2008) concluded that lameness descriptors were not equally 

distant, but also included very few animal scorings in the higher descriptors. The three 

studies used a limited number (maximum 10) of observers with experience in lameness 

scoring (this is not stated in Engel et al. (2003) but assumed within the text), and all used a 

five-point NRS. The data collection was performed on-farm in Thomsen et al. (2008)  

and Welsh et al. (1993), and during five live sessions using video analysis in Engel et al. 

(2003). Our results are in line with those of Thomsen et al. (2008) and Welsh et al. (1993). 

An added value of our study is the very large number of respondents, enabled by the use of a 

web-survey, and the fact that we explore different lameness attributes separately. 

Our results suggest that further research should be conducted to assess the exact location of 

thresholds along the continuum of the VAS, as the lameness descriptors cannot be treated as 

evenly spaced and furthermore justify the inclusion of different lameness signs for the 
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labelling of such scales. Therefore, the results from our study can be seen as the basis for the 

development of new modified VAS for lameness scoring in goats, but are also relevant for the 

developers of modified VAS in other species.   

Another additional contribution of our study regards the assessment of the proper 

measurement level in NRS.  In clinical and behavioural research there is often a need for 

mean and variances calculation when comparing outcomes for different groups submitted to 

different treatments. In those cases, the use of an interval or ratio level of measurement is 

paramount. An interval or ratio level [with ratio scales applying if it is possible to determine  

a meaningful zero in the scale, the scale assumes a ratio level of measurement (Streiner & 

Norman, 2008)] of measurement allows for mode, median, arithmetic mean and variance to 

be calculated (Stevens, 1946), while in ordinal scales only a limited number of calculations 

can be performed because the distance between descriptors is unknown (Merbitz & Morris, 

1989; Streiner & Norman, 2008). As our results show that the intervals between consecutive 

NRS descriptors are not equal and can change with the lameness sign considered,  

we recommend that only an ordinal level of measurement should be considered in NRS 

descriptors. This highlights the need for the development a new lameness scale that can 

encompass higher levels of measurement assessment, like interval or ratio scales. 

 

9.5 CONCLUSIONS 
Our web-survey showed that respondents had variable difficulties in discriminating lameness 

descriptors, and that these difficulties changes with the lameness sign. Furthermore,  

the scoring of different lameness signs was not evenly spaced along the VAS continuum, 

meaning that the respondent’s ratings did not reflect an equal increase or decrease in 

lameness intensity between consecutive NRS descriptors. Our results set a new approach for 

the development of modified VAS, showing that the exact location of the thresholds along the 

VAS continuum has to be carefully assessed, and that the diagnostic value of each lameness 

sign should also the further investigated. Additionally, attention should be given to the 

proper level of measurement that NRSs convey. Our study focused on dairy goats, but we 

believe that our results apply to other species, especially ruminants for which lameness 

descriptors are frequently based on the three signs studied. 
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On-farm welfare assessment  

of dairy goat farms using animal-based indicators:  
The example of 30 commercial Portuguese farms  

 

 
Chapter 10 presents the results of the prevalence of the indicators in the prototype on-farm welfare 

assessment protocol prototype developed within the AWIN project.  

 

This chapter has been submitted for publication as: Can, E., Vieira, A., Battini, M., Mattiello, A.  
& Stilwell, G. On-farm welfare assessment of dairy goat farms using animal-based indicators:  

The example of 30 commercial Portuguese farms. Manuscript submitted for publication.  

 

Part of this manuscript was also published as the following Master thesis that the author  

co- supervised: Can, E.M.A.V. (2015). Welfare assessment in Portuguese dairy goat farms:  

On-farm overall feasibility of an international prototype. Veterinary Medicine Master Thesis. 

Lisboa: Faculdade de Medicina Veterinária - Universidade de Lisboa  

 

A. Vieira designed the study, participated in the data collection, and advised on data analysis. 

Finally, the author actively discussed all the results and drafted the manuscript.  

 

 

 

On-farm welfare assessment is of growing importance in the livestock production sector. 

In order to correctly address this issue in the goat dairy sector there is the need to identify the 

main welfare problems that can be found in farms across countries. By the application of a 

welfare assessment prototype protocol, using animal-based indicators developed by the 

AWIN project, this study aimed to have an insight on the main welfare problems affecting 

dairy goats (Capra hircus) in Portugal.  

Initially, thirty Portuguese dairy goat farms, organized in three size categories, were assessed 

from January to March 2014. Pen-level observations were carried out on 2715 goats and 

detailed individual observations were performed on 1172 of these animals. The main areas of 

concern were claw overgrowth, queuing at feeding, very fat animals, poor hair coat condition, 

and improper disbudding. The animal-based indicators’ prevalence showed that these 

welfare issues have a tendency to be affected by farm size, with larger farms heading higher 

concerns, although these differences were not statistically significant at the 0.05-level. 
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Subsequently, to investigate consistency over time, 10 of the 30 farms were revisited by the 

same assessor after four months, ensuring that no major changes in management routines or 

housing conditions had been made during this interval. Analysing the variation in the 

indicators’ prevalence, an overall consistency of results was evident.  

This study contributes to the evaluation of the most prevalent welfare problems affecting 

different dairy goat farming realities in Portugal. As far as the authors are aware, there is no 

previous research in general overview of farmed dairy goats’ welfare according to farm size.  

 

10.1 INTRODUCTION 
For the past 20 years a growing interest in goat milk and goat milk products took place all 

over the world, with the most organized programs for selection, processing and 

commercialization of goat milk being situated in Europe (Dubeuf et al., 2004; Morgan et al., 

2003). Furthermore, dairy goat farming has proved to be of paramount importance to the 

economies of the Mediterranean countries (Pirisi et al., 2007), where goat milk is 

traditionally consumed raw or as handmade cheese (Boyazoglu et al., 2005).  

Although more accurate statistics referring specifically to dairy goat herd sizes are not 

available, total goat population in the Mediterranean basis, namely in countries like Portugal, 

Italy, France, Spain and Greece is approximately 0.4, 0.9, 1.3, 2.6 and 4.3 million head, 

respectively (Food and Agriculture Organization of the United Nations Statistics Division, 

2015), presenting an average herd size of 13 (Tiberio & Diniz, 2014), 50 (Vaccari et al., 2009), 

72 (Vaccari et al., 2009), 86 (de Rancourt et al., 2006), and 39 (Hadjigeorgiou, 2011) 

animals, correspondingly. The intensification of agriculture has lead to the predominant use 

of exotic dairy breeds such as Murciano-Granadina, Saanen, Alpine and Malagaña (Bruno-

de-Sousa et al., 2011). However, more statistics are needed to determine the future 

perspectives regarding the dairy goat populations and their productivity (Aziz, 2010). 

In face of an increasing production dimension and intensification and the concurrent 

consumers’ ethical concerns, tools for farm animal welfare assessment are urgently needed. 

In this study the focus was set on intensively bred adult dairy goats, as this system is 

becoming increasingly popular in Europe and the threats to goats’ welfare are potentially 

severe although still largely unknown (European Commission, 2011).  

Originally, on-farm welfare assessment focused on the evaluation of resources provided to 

the animal (e.g., Bartussek, 1999; Bracke et al., 2002). More recently, the interest in 

measuring animal welfare through direct measures has been increasing, as these measures 

seem more appropriate for evaluating the actual welfare state of the animals. Therefore using 

animal-based indicators is now predominant following the approach suggested by EFSA 

(2012) for welfare evaluation. A recent review on animal-based indicators for welfare 

assessment of dairy goats identified a considerable number of indicators that can be used for 
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such purpose, however it also highlighted that the majority of these indicators need further 

research in order to be integrated in welfare assessment schemes, particularly on commercial 

farms (Battini et al., 2014). Anzuino et al. (2010) have also identified the need for studies 

aiming to assess prevalence of different dairy goat health and welfare indicators that would 

give a general overview of the welfare status of the species in different countries and farming 

conditions. However, we only identified two studies that provided a general overview of 

welfare and that helped identifying the main welfare problems affecting dairy goat farms:  

one was carried out in 24 dairy goat commercial farms in the United Kingdom (Anzuino et 

al., 2010), and the other in 30 dairy goat commercial farms in Norway (Muri et al., 2013). 

Besides analysing on-farm prevalences, it is essential to evaluate the consistency of welfare 

assessments over time, and only a few studies have addressed the quality criteria of these 

measurements (e.g., Plesch et al., 2010; Temple et al., 2013). As stated by Capdeville and 

Veissier (2001) and Winckler et al. (2003), the consistency of results over time ensures that 

the results obtained are representative of the longer-term farm situation and not sensitive to 

small changes in environmental or animals’ internal conditions. The aim of this study is to 

survey the main welfare problems affecting dairy goats on 30 Portuguese farms, by using the 

animal-based indicators included in a welfare assessment prototype protocol developed by 

the AWIN project for dairy goats in intensive husbandry systems. Additionally a preliminary 

assessment of welfare indicators’ variation over time was carried out.  

 

10.2 MATERIALS AND METHODS 
Farm sample and data collection 

This study was conducted in 30 Portuguese intensive dairy goat farms, from January to 

March 2014. The farms were sampled from the total national dairy goat farms under 

intensive production system (n=269), in which breeds as Murciano-Granadina, Saanen and 

Serrana are predominant, according to Direcção-Geral de Alimentação e Veterinária 

(DGAV; personal communication, 2015). Three farm size categories were created: small size 

farms (50-100 goats; n=75), medium size farms (101-500 goats; n=114) and large size farms 

(>501 goats=16). From the 269 national farms a convenience sample of 10 farms from each 

category was drawn. Farm managers were contacted before the farm visits to discuss the 

visit’s objectives, timetable and methods. It was also verified that the day of the visit was a 

regular day on farm, to avoid events (e.g., veterinary visits) that would disrupt the normal 

functioning of the routine. Lastly, security and biosecurity issues were discussed to assure 

that all farm rules were followed.  

All farms kept the animals indoors on concrete, soil or grit covered with straw as bedding 

material. In 23 farms there was also an outdoor grazing or exterior pen, where the goats had 

the opportunity to exercise. Diet was composed of total mixed ration distributed twice per 
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day, and goats were milked twice a day. Kids were separated from their mothers after birth. 

The number of dairy goats on each farm ranged from 50 to 2000 animals, with a mean (±SD) 

of 292 (±410) goats. The average herd size in the small, medium and large group farms, was 

79 (±17), 309 (±74) and 834 (±451) dairy goats, respectively. Overall, detailed individual 

observations were carried out on 1172 dairy goats and pen-level observations were performed 

on 2715 animals. The average number of animals in the assessed pens was 113 ± 84 dairy 

goats and sample size ranged from 30 to 55 animals. On the days of assessment, environment 

temperatures ranged from 7ºC to 25ºC and relative humidity from 43% to 93%.  

In January 2014, a total of six assessors were trained before the farm visits were initiated. 

The training consisted of a week period of classroom presentations and exercises, followed by 

practical field assessments. The assessment of each farm was carried out by two of these 

trained assessors and all data were collected on the same day. 

 

On-farm assessment of animal-based indicators  

Twenty-four animal-based indicators, classified in accordance with the four principles and 12 

criteria developed by Welfare Quality (Botreau et al., 2007) were assessed. Descriptive 

criteria used to assess each animal-based indicator are presented in Table 16 (pen-level 

observations) and Table 17 (individual assessment). When existent, research studies related 

to the indicators are referred, but most of the information regarding the indicators used may 

be found in the AWIN welfare assessment protocol for goats (AWIN, 2015).  

Pen-level observations began with the recording of the number of goats improperly 

disbudded, queuing at feeding/drinking place , with poor hair coat condition, oblivion, with 

signs of thermal stress (either shivering or panting) and kneeling at the feeding rack. 

Immediately after this assessment, Qualitative Behaviour Assessment (QBA) was 

conducted. Subsequently, the assessor entered the pen, and human-animal relationship 

(HAR) tests (latency to the first contact and avoidance distance (AD) tests) were carried 

out. Finally, observations of individual animals were performed adopting the sampling 

strategy developed by Welfare Quality for dairy cows (Welfare Quality, 2009),  

and individual animal-based indicators (e.g., BCS, cleanliness, overgrown claws; see Table 

17) were collected. All animal-based indicators included in individual assessment were 

recorded on the same animals, with both sides (left and right) being considered,  

and were scored using a binary assessment system (present or absent), except for BCS and 

knee calluses. After the individual observations, the group was again assessed to identify 

severe lameness and kneeling. 
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Table 16. Animal-based indicators used to assess the welfare of dairy goats in the 30 

Portuguese farms – Pen-level observations. 

Pen-level observations 

Animal-based indicator Description Data collection 

Improper disbudding  
(Ajuda & Stilwell, 2014; 
AWIN, 2015) 

Score 1 

Presence of residual horns 
(scurs) on the head of adult 
goats that have been 
disbudded when kids. 

The number of goats 
presenting these conditions is 
recorded. 

Queuing 
(AWIN, 2015) 

At 
feeding 

A goat is queuing if it is 
standing within 0.5 m behind 
another goat that is feeding/ 
drinking, with the head 
oriented towards the feed 
barrier/ water place. 

At 
drinking 

Hair coat condition 
(AWIN, 2015; Battini et 
al., 2015) 

Poor hair 
coat 

The hair coat is matted, 
rough, scurfy, uneven, shaggy 
hair coat, frequently longer 
than normal. 

Oblivion 
(AWIN, 2015) 

An oblivious goat seems 
physically or/and mental 
isolated comparing to the rest 
of the group, frequently facing 
the wall or other parts of the 
housing structure, sometimes 
with ears down. 

Shivering score 
(Battini et al., 2015a) 

Score 1 
The hair is bristling on the 
back; the goat has a thick 
coat. 

Score 2 
The goat is shivering and may 
take a posture with arched 
back and head down. 

Panting Score 
(Battini et al., 2015a) 

Score 1 
Elevated respiration: from 
slightly to moderate panting 
with mouth closed. 

Score 2 Panting: from heavy to severe 
open-mouthed panting. 

Kneeling at the feeding rack/ in the 
pen 
(AWIN, 2015) 

Goats with the front legs 
flexed, and the rear up 
compared to the other goats, 
at the feeding rack or in the 
pen. 

Severe lameness 
(Ajuda et al., 2014; 
AWIN, 2015) 

Score 1 Severely lame goats. 
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Table 16. (continuation) 

Qualitative Behaviour Assessment 
(QBA) 
(AWIN, 2015) 

QBA relies on the ability of 
humans to integrate 
perceived details of 
behaviour, posture, and 
context into descriptions of 
an animal’s style of behaving, 
or “body language”, using 
descriptors such as relaxed, 
content, frustrated or curious, 
which have an emotional 
connotation, and provide 
information that is directly 
relevant to animal welfare 
and may be a useful addition 
to information obtained from 
quantitative indicators. 

Goats are observed from 
outside the pen and the 
assessment is conducted on 
the whole pen, by selecting 
the suitable observation 
points and, consequently, the 
timing of the observations, 
which may last from 10 to 20 
minutes. At the end of the 
observation period, a list of 13 
qualitative descriptors (e.g., 
relaxed, content, curious) that 
reflect the animal’s emotional 
state is rated using the visual 
analogue scale (VAS). 

Latency to the first contact test 
(AWIN, 2015) 

These group assessment tests 
are applied to evaluate the 
quality of human-goat 
relationship: gently handled 
animals are more inclined to 
approach people, and 
consequently suffer less stress 
related to handling 
procedures. 

Recording of the latency in 
seconds of the first goat that 
enters in contact with the test 
person, who stand immobile 
into the pen (max. 300 sec). 

Avoidance distance test 
(Mattiello et al., 2010) 

Assessment of the number of 
goats that can be contacted 
(‘contact’) or that accept to be 
gently stroked (‘acceptance’). 

 

Table 17. Animal-based indicators used to assess the welfare of dairy goats in the 30 

Portuguese farms - Individual assessment. 

Individual Assessment 

Animal-based indicator Description Data collection 

Body Condition Score 
(BCS) 
(AWIN, 2015; Vieira et al., 
in press)  

Very thin  Binary assessment system 
(Presence/ Absence). 

Very Fat  

Udder asymmetry 
(Ajuda & Stilwell, 2014) 

Score 1 Asymmetric udder: one 
half is at least 25% longer 
than the other (excluding 
the teats). 

Cleanliness Score 1 Wet hair, separate or 
continuous plaques of dirt 
on the hindquarters, lower 
legs and udder. 
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Table 17. (continuation) 

Lesions  Score 1 Presence of 
lesions/swellings (skin 
damage with/without hair 
loss) on the hindquarters, 
lower legs body, neck and 
head. 

 

Knee calluses Score 1 Skin damage with/without 
hair loss and reddened skin 
on the knee (carpus), but 
no enlargement of any 
joint. 

Score 2 Skin damage with hair loss 
on the knee (carpus) and 
enlargement of at least one 
joint; a thick callus is 
present over one or both 
knees. 

Abscesses  
(AWIN, 2015) 

Score 1 Presence of abscesses. 

 Overgrown claws 
(Ajuda et al., 2014; AWIN, 
2015) 

Score 1 With severe claw 
overgrowth. 

Discharges 
(AWIN, 2015) 

Score 1 Presence of discharge from 
eyes, nostrils or vulva. 

Faecal soiling 
(AWIN, 2015) 

Score 1 Presence of faeces below 
the tail head. 

 

Consistency over time of animal-based indicators 

To investigate the indicators’ consistency over time (COT) 10 of the 30 farms were revisited 

in July 2014 (three small farms, three medium farms and four large farms), by the same 

assessors who executed the first assessments. All these farm revisits followed the methods 

described above. An average of 3.7 ± 1.0 months (SD≈30 days) passed between the two visits 

and no significant alterations, in management and housing conditions, were implemented 

during this period. The number of adult dairy goats on each farm ranged from 46 to 2000 

animals, with a mean (±SD) of 512 (±613) adult dairy goats. Group assessment was 

accomplished in 1116 animals, and individual observations were made in 494 adult dairy 

goats. The mean number of animals in the evaluated pen was 153 ± 95 animals, and the 

individual animals sampled varied from 32 to 61. In the course of these days, temperatures 

ranged from 15ºC to 26ºC and relative humidity from 42% to 86%.  
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Data management and statistical analysis 

Data were entered, compiled and statistically analysed using SPSS v22 (IBM® SPSS® 

Statistics, NY, USA). To perform an overall analysis, the prevalence of each indicator was 

calculated at farm category level and categorised into "most prevalent" and "less prevalent", 

according to a 5% warning threshold established, as defined by Welfare Quality (2009).  

For most of the indicators, prevalence was expressed as the proportion of animals/farms 

affected on the total of animals/farms assessed. Regarding particular indicators, queuing at 

feeding and drinking indicators were also recorded as the proportion of animals 

queuing/farms presenting queuing animals on the total of animals/farms assessed. Similarly, 

latency to the first contact and avoidance distance tests were expressed in seconds and as the 

proportion of contacts and/or acceptances, respectively.  

For the purpose of QBA data analysis, for each of the descriptors, the distance from 

minimum to where the assessor ticked the VAS scale was measured in mm. The 13 QBA 

descriptors’ values were used as variables and submitted to Principal Component Analysis 

(PCA) using a correlation matrix with no rotation. Two Principal Components (PCs) were 

extracted. A loading plot was produced in order to explore the relationships among variables 

on the first two PCs and a score plot was also generated in order visualize the position of each 

farm (classed according to farm size) on the first two PCs. 

A Chi-square test of independence was used to examine the relation between all animal- 

-based indicators’ results per farm and farm categories, at the 0.05-level. 

To preliminarily evaluate the consistency over time of the indicators, a Wilcoxon signed rank 

test was performed to verify whether the prevalences obtained during the two visits were 

significantly different at the 0.05-level, as performed by Temple et al. (2013) in pig farms. 

Also a brief analysis of the variation in indicators’ prevalence between visits was made. 

 

10.3 RESULTS 
As previously mentioned, a warning threshold analysis was initially performed considering 

the most and less prevalent indicators. Subsequently, behavioural indicators were analysed. 

Finally, the different indicators’ assessment was considered for their consistency over time. 

 

Warning threshold analysis  

A preliminary analysis of the collected data showed that there was no statistical difference for 

lesions, abscesses and cleanliness scored between the right and left side of the animal. 

Therefore, the prevalence of ‘Abscesses’, ‘Lesions’ and ‘Cleanliness’ presented are always 

from the animal’s left side. Some indicators were very common, exceeding the warning 

threshold of 5%, whereas others were seldom recorded (“Below the warning threshold”), and 

are presented separately. The Chi-square test of independence showed that the relation 
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between the prevalence of each animal-based indicator and farm category was not significant 

at the 0.05-level. Table 18 shows the overall most prevalent indicators and Table 19 presents 

the results of queuing at feeding and at drinking. The prevalence’s variation of some of these 

indicators among farm categories is presented as a box-plot in Figure 11. 

 

Figure 11. Variation of some of the most prevalent indicators among the 30 Portuguese 

commercial intensive dairy goat farms visited, divided by farm category. Points (o) and 

asterisks (*; extreme values) represent outliers. 

 

All indicators categorised as less prevalent presented similar values across the three farm 

categories, except for ‘Panting score 1’, ‘Shivering score 1’, and ‘Faecal soiling’, as shown in 

Table 20. Indicators as Panting score 2’, ‘Shivering score 2’ and ‘Kneeling at feeding rack’ 

presented zero prevalences. The prevalences of some of these indicators are given in Figure 

12 as a box-plot. 

 

Figure 12. Prevalence’s variation of some of the less prevalent indicators among the 30 

Portuguese commercial intensive dairy goat farms visited, divided by farm category.  

Points (o) and asterisks (*; extreme values) represent outliers. 
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Table 19. Results of queuing at feeding and at drinking of the 30 Portuguese commercial 

intensive dairy goat farms according to farm category 

  

Human-animal relation tests 

The ‘Latency to the first contact’ time was lower in large farms (81.1 ± 117s; range from 0 to 300 

s) than in small (139.7 ± 139s; range from 10 to 300 s) and medium farms (156.9 ±131.4s; range 

from 7 to 300 s). The percentage of goats that showed ‘Acceptance’ and ‘Contact’ during the 

Avoidance Distance test was below 2.2% in the three farm categories, with large farms having 

higher values (2.1%). 

 

Qualitative Behaviour Assessment 

The first two PCs explained 27.6% and 17.7% of the total variance. A loading plot of the QBA 

descriptors is shown in Figure 13. 

 

Figure 13. Word chart of the QBA assessed in the 30 dairy goat farms. This 2-dimensional 

loading plot shows the relationship among the 13 QBA descriptors representing dairy goat 

behaviour on the two principal components. 

 

 

 

 

Animal-based 
Indicator N Goats 

(%) 

Farm Size Category (%) 
Small Medium Large 

N Farms 
(%) 

Goats 
(%) N Farms 

(%) 
Goats 

(%) N Farms 
(%) 

Goats 
(%) 

Pen-level observations 

Queuing 

At 
feeding 

2715 

721 
(26.6) 

473 
8 (80) 131 

(27.7) 
1122 

8 (80) 145 
(12.9) 

1120 
9 (90) 445 

(39.7) 
At 

drinking 
130 

(4.8) 0 (0) 0 (0) 7 (70) 67 
(6.0) 4 (40) 63 

(5.6) 



 

PART II 

127 
 



CHAPTER 10 | ON-FARM WELFARE ASSESSMENT OF DAIRY GOAT FARMS USING  

ANIMAL-BASED INDICATORS: THE EXAMPLE OF 30 COMMERCIAL PORTUGUESE FARMS 

128 

Descriptors such as agitated (0.76), alert (0.72), aggressive (0.63), fearful (0.61), as well as 

lively (-0.67), sociable (-0.65), content (-0.58) and relaxed (-0.52), presented the highest 

weights on the first PC. The second PC was characterised by descriptors such as curious 

(0.75), frustrated (0.68), irritated (0.63). The position of each farm, classed by farm size, was 

scattered in a score plot (Figure 14), showing a homogenous overall distribution of farms 

throughout the two PCs, regardless of farm size. 

 

Figure 14. Score plot of farms of different size categories on the first two PCs, based on QBA 

descriptors of dairy goats’ behaviour. 

 

 

Consistency over time of animal-based indicators  

Indicators such as ‘BCS - very fat‘, ‘Faecal soiling’, ‘Cleanliness – hindquarters’, ‘Knee 

calluses - score 2’, ‘Head lesions’, ‘Ocular discharge’ and ‘Overgrown claws’, showed a change 

in prevalences above 5%. However, according to the Wilcoxon signed rank test, only ‘Head 

lesions’ differed significantly between the two visits (P=0.037). Indicators as ‘Improper 

disbudding’, ‘Oblivion’, ‘BCS – very thin’, ‘Hindquarters abscesses’, ‘Neck abscesses’, ‘Vulvar 

discharge’, ‘Severe lameness’ and kneeling, both in the pen and at the feeding rack, presented 

a prevalence variation below 1%. ‘Panting score 2’, ‘Shivering score 2’ prevalences 

demonstrated no variation between visits, since there were no cases recorded in either visits.  

 

10.4 DISCUSSION 
As mentioned by several authors (Castel et al., 2010; de Rancourt et al., 2006; Dubeuf, 

2005), European goat production is an important economic, environmental and sociological 

activity in Mediterranean countries. This study presents the first welfare assessment of dairy 

goats in the Mediterranean region, incorporating only animal-based indicators collected 

through pen-level observations and individual assessment of animals. All observations were 

performed on 30 commercial intensive dairy goat farms, allowing for comparisons with the 
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studies of Anzuino et al. (2010) and Muri et al. (2013), which have published empirical data 

from overall welfare assessment of this species.  

 

Warning threshold analysis 

Claw overgrowth should be considered a major problem in Portuguese farms, due to the high 

prevalence detected. Although it was identified in large and medium farms at a higher 

prevalence (38.1-41.9%) compared with smaller farms (11.9%), it is a cause for general 

concern. This result is in agreement with the studies performed in British and Norwegian 

dairy goat farms, where severe claw overgrowth reached a prevalence of 80% and 66%, 

respectively (Anzuino et al., 2010; Muri et al., 2013). According to Smith and Sherman 

(2009), this is probably due to a lack of claw wear when animals are housed on straw 

bedding. Our results are also probably related to differences in access to outdoor grazing; in 

fact, in nine of the 10 small farms visited, goats had access to pasture during nine months of 

the year, while in large and medium farms this only happened in one and two farms, 

respectively, and for a period of time under two months. It is important to differentiate 

access to pasture from access to an exterior pen, which was also largely found in medium and 

large farms, since access to a small exterior pen does not necessarily imply sufficient claw 

wear. Although claw trimming was performed at different times before the visits, it was 

noticeable that in large farms a low human: animal ratio corresponded with less time to 

observe and treat or trim individual animals (Stafford & Gregory, 2008). This was confirmed 

in the present study, with small farms presenting a higher human: animal ratio (0.03) than 

large farms (0.004).  

In both Anzuino et al. (2010) and Muri et al. (2013) studies, nearly all animals had knee 

calluses, which is in agreement with the prevalence found in our study (82.6%).  

As mentioned by Smith and Sherman (2009a), goats kept in confinement, especially on hard 

surfaces, can develop a marked thickening of the skin over the carpi, hocks, and sternum. 

However, ‘Knee calluses -score 2’ presented a higher prevalence (16.5%) in large farms, being 

significantly correlated with claw overgrowth (data not shown).  

In British dairy goat farms, Anzuino et al. (2010) found a 3% prevalence of very thin animals, 

which is close to the prevalence found in our farms (5.1%), with no differences due to farm 

size. Compared with our results (18.8%), a much lower prevalence of very fat animals (3%) 

was reported in the British study. The inclusion of BCS in on-farm welfare assessment 

schemes allows for the identification of the endpoints of a scale (animals that are too thin or 

too fat), as these are the ones more likely related with welfare problems. Obesity is usually 

associated with higher predisposition for metabolic diseases, and emaciation may be either a 

sign (e.g., chronic disease such as paratuberculosis) or a cause (e.g., pregnancy toxaemia)  

for welfare problems (Smith & Sherman, 2009a).  
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Muri et al. (2013) reported an 18% prevalence of dirty hindquarters being also in line with 

our overall findings (19.5%). However, in Portugal, large farms presented higher prevalences 

(30%). Animal cleanliness is often used as a welfare indicator in several species, as pigs 

(Otten, 2013; Scott et al., 2007), poultry (de Jong et al., 2014; Sans et al., 2014), and cattle 

(Ellis et al., 2007; Whay et al., 2003b), and may provide information not only on animal 

comfort but also on stockpeople’s attitudes and care for animals, as supported by De Rosa et 

al. (2009). In goats, cleanliness depends mostly on how often bedding is replaced or added, 

as animals are housed on straw bedding all year round. However, cleanliness assessment can 

be challenging in some breeds, being easier to assess in white breeds such as Saanen.  

This fact may account, to some extent, for the higher prevalences of hindquarters dirtiness 

found in large farms, as Saanen was the most common breed in this farm category. 

Hair coat condition is an indicator recently developed by Battini et al. (2015b) and it reflects 

not only goats’ nutritional status but also their health status. This indicator was found at a 

prevalence of around 20% in all farm categories, functioning as a first warning on goats’ 

nutritional and health status.  

Presence of queuing animals at the feeding rack showed a higher prevalence on large farms 

(39.7%) with high stocking densities corresponding to a high goats/feed space ratio.  

The natural synchronous behaviour of goats increases the probability of finding this indicator 

and its effect on welfare.  

In our study we found an overall prevalence of 1.8% of severe lameness, which is in line with 

Anzuino et al. (2010) and Muri et al. (2013) studies, presenting 3% and 2% of severe 

lameness, respectively. Herd size can be considered a risk factor for lameness, as mentioned 

in several studies (Alban, 1995; Katsoulos & Christodoulopoulos, 2009). Individual 

observation and care for the animals may be more difficult in large herds than in smaller 

ones, which can lead to a lower detection of lame animals, and can explain the higher 

prevalence values observed in large farms. In terms of overall welfare assessment, the 

identification of only the severely lame animals may provide sufficient information, however, 

the reason why across studies this is the only information collected is because in goats, 

lameness assessment is often performed while the animals are housed in their pens with soft 

straw surfaces, which tends to hide the mild cases (Anzuino et al., 2010). Hence, the 

recording of the severe cases of lameness is the only feasible method of assessing this 

indicator; moreover, there are some studies (Green et al., 2002; Gundelach et al., 2013;  

Main et al., 2010) that show that prevalences of severe and mild cases are correlated, 

therefore delivering an accurate picture of the real welfare state of the animals. 

Other welfare indicators with similar significance are the presence of faecal soiling and dirty 

udders. In the study of Muri et al. (2013) a 1% prevalence of faecal soiling was reported.  

In our study a 2.6% prevalence of faecal soiling was obtained, being this value in both studies 
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below the warning threshold considered. However, medium farms did show a higher 

prevalence (5.9%). The presence of faecal soiling can be a sign of disease or nutrition errors, 

and generally has a direct effect on the animals’ cleanliness. Regarding dirty udders, Anzuino 

et al. (2010) and Muri et al. (2013) found a 1% prevalence of very dirty udders, being also 

very much alike to our findings (3.2%). Schreiner and Ruegg (2003) found that cows with 

dirtier udders, teats and hindquarters had a higher prevalence of intramammary infection,  

as this may also occur with dairy goats. 

Regarding the Chi-square test of independence performed, the fact that all farms were under 

an intensive production system with similar management, can partly account for the lack of 

significant differences at the 0.05-level between the animal-based indicators and the farm 

categories considered. However, the prevalence of most of the more common welfare 

indicators, i.e. exceeding the warning threshold (5%), was affected by farm size, being usually 

higher in larger farms. Although there was no significant differences, some of the indicators 

such as ‘Knee calluses – score 1’, ‘Neck lesions’, ‘Head Abscesses’, ‘Neck Abscesses’, Queuing 

at drinking’ and ‘BCS – Very fat’ were very close to the 0.05 significance level (data not 

presented). A larger sample size might lead to different results, as small population effects 

can be highly significant if the sample is large enough, which points toward the need for 

further studies on the on-farm prevalence of these indicators.  

 

Human-animal relation tests 

Human-animal relation was generally better in large farms than in small farms, especially 

considering the latency period to the first contact between goat and assessor. This was 

unexpected, as HAR is usually better in small farms, where the relationship between the 

stockperson and the animals is very strict (Mattiello et al., 2010). However, our results can 

probably be explained by the breed differences among farms. Breeds such as Saanen and 

Murciano-Granadina, that are very common in large-size farms in Portugal, are reported to 

be docile and easier to handle, being more suited for intensive systems (Escareño et al., 2013; 

Martínez et al., 2010; Sinn & Rudenberg, 2008). A higher variety of breeds was found in 

small farms – Serrana, Alpine, Malagaña, Murciano-Granadina, Saanen, Florida, 

Charnequeira and crossbreds (Saanen with Alpine). Based on personal experience and 

observers’ assessments, breeds such as Saanen and Murciano-Granadina accept being 

touched or even gently stroked more often, sometimes even complicating the assessment by 

grouping around the assessor; while breeds, such as Serrana, showed strong avoidance 

behaviour, making it difficult to carry out the test in a standardized way. Muri et al. (2013) 

also referred similar limitations when testing Norwegian dairy goats. Additionally, in small 

farms, goats had more access to outdoor grazing enhancing the expression of natural, 

foraging and exploratory behaviours. In a study performed by Battini et al., (2011), it was 
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observed that the avoidance distance of dairy cows after the grazing period was significantly 

higher than both before and during the grazing period, reflecting the animals’ lower level of 

confidence with humans and also supporting our findings. 

 

Qualitative Behaviour Assessment 

A PCA analysis revealed two dimensions of goat behaviour PC1 and PC2. PC1 of the QBA, 

which carries most of the relevant variance, allows for the differentiation between farms with 

animals that appeared to be in a more positive mood from farms that presented animals with 

a more negative mood. Agitated, alert, aggressive, fearful, as well as lively, sociable, content 

and relaxed showed the highest weights on PC1. PC2 was defined by descriptors as curious, 

frustrated and irritated, presenting a more difficult interpretation. The homogenous overall 

distribution of farms throughout the two axes might be supported by housing and 

management having a real effect on the animals’ on-going behaviour, and these farms were 

only selected regarding their herd size, with all the animals being bred under an intensive 

production system. These particular results might be explained by the observers’ moderate 

training, as a crucial requisite for applying QBA is adequate training, in which the observers 

should discuss the meaning of each QBA descriptor or watch video clips representing each 

descriptor, so as to standardize the evaluations (Napolitano et al., 2015).  

 

Consistency over time of animal-based indicators  

The consistency of indicators over time allows identifying real welfare issues that persistently 

continue on-farm. However, this was a preliminary analysis of the consistency of these 

animal-based indicators over time and further studies are required to robustly establish the 

significance of these variations across time. Analysing the variation between the two visits,  

it was possible to observe that only head lesions presented significantly different results, 

which might also be explained by the training intensity and the break period between visits. 

In a study performed by Gibbons et al. (2012), a five-day break in a training programme, to 

train observers to score injuries on dairy cows, resulted in decreased agreement for all injury 

scores, improving again in the next day after practice. This highlights the importance of 

continual practice in order to “recalibrate” the observers to a reference standard, as defended 

by (EFSA, 2012). An overall consistency of results was apparent, with common findings such 

as improper disbudding or presence of external abscesses remaining common and those 

conditions that occurred less often, such as oblivious animals, remaining at low levels  

of prevalence. 
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Constraints and future perspectives 

According to Willeberg (1991), preventing disease is a major animal welfare topic,  

as describing disease occurrence and its consequences are parts of qualifying and quantifying 

animal welfare problems in herds, being key aspects in welfare research and practice. Most of 

the disease issues are not only production limiting events, but also welfare problems, having 

however become inherent pieces of the intensive animal production for which there are no 

easy solutions. Nevertheless, little epidemiological literature concerning such welfare 

considerations has been published. Although the goat sector is growing, there has been less 

research on goats than on other production species, especially regarding welfare aspects 

(Anzuino et al., 2010; Sahlu & Goetsch, 2005): this makes the development of welfare 

assessment protocols for this species a much more difficult task. The prevalence of the 

welfare indicators in dairy goat farms provides information on the general health and welfare 

status of the farms. Knowing the general prevalence of the indicators in the goat industry is 

paramount to be able to set thresholds of acceptability. These thresholds will allow farmers, 

vets and other technicians to identify main welfare issues in their own farms, and therefore 

set plans of action to improve the general welfare/health condition. Moreover, setting these 

thresholds might be very important for law implementation in animal welfare, when 

considering the use of animal-based indicators. In this sense, this study has contributed to 

the knowledge of the reality of the Mediterranean region. On the other hand, prevalence 

analysis can also provide data for benchmarking purposes. Recently, benchmarking has been 

used as an approach for helping farmers manage the welfare of their animals (e.g., planning 

programs on organic farms in Europe, dairy cow comfort and road transport practices in 

North America; Colditz et al., 2014). This approach proved to be educational, informative and 

empowered better management, allowing the farmers to determine how well or badly they 

were performing in relation to others (Blokhuis et al., 2013). However, further studies in 

different countries and different management systems are needed, as all the EU countries 

work under the same legislation and are therefore obliged to the same rules. 

 

10.5 CONCLUSIONS 
The present study is the first welfare assessment of dairy goats in Portugal, incorporating 

pen-level observations and individual assessment of the animals, and analysing indicators 

consistency over time. It is a first step to give an overview of the reality of the Mediterranean 

countries, however, further studies in different countries and different management systems 

are required. The main areas of concern were claw overgrowth, queuing at feeding, very fat 

animals, poor hair coat condition and improper disbudding. Some of the assessed indicators 

presented similar prevalences to indicators included in previous studies (Anzuino et al., 2010 

in UK; Muri et al., 2013 in Norway), suggesting common problems in different countries.  
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The analysis of the variation in the indicators’ prevalence between different seasons revealed 

an overall consistency of the indicators. This study contributes to an increased awareness of 

the main welfare issues affecting Portuguese intensively kept dairy goats. These findings can 

help to define intervention thresholds and guidelines for each welfare indicator, in order to 

improve the on-farm general welfare conditions. 
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General discussion 

 
Following the work developed in this thesis, Part III is dedicated to the 

general discussion and conclusions, which will then lead to the proposal of 

some future research.  
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Discussion and conclusions 

 

 
Chapter 11 focuses on the main theoretical and methodological findings of this research,  

and highlights the practical implications of the different studies. Moreover, it discusses some of the 

limitations of this research work.  

 

 

 

 

Knierim & Winckler (2009) have identified two major challenges in on-farm welfare 

assessment: an appropriate selection of welfare indicators and associated level of 

measurement; and, the identification of strategies to overcome the practical constraints 

associated with the indicators' integration on welfare protocols. The present research thesis 

provides a scientific contribute to both these challenges. Furthermore, knowledge generated 

by this thesis is particularly relevant given that EFSA is currently clarifying issues on animal- 

-based indicators proprieties to ensure that they are fit for the purpose for overall welfare 

assessment. 

The overall aim of this thesis was to develop and integrate animal-based welfare indicators, 

including pain, in goat farms.  In order to accomplish this purpose, three main objectives 

were set. In summary, key contributions of this thesis consist in:  

1. The identification of animal-based welfare indicators with potential to be included in 

welfare assessment protocols (chapter six); 

2. The development of body condition scoring (chapter seven) and lameness (chapter 

eight and nine) indicators, based on the assessment of their psychometric properties 

and the level of measurement needed; 

3. The integration and testing of animal-based indicators in welfare assessment 

protocols (chapter ten).  

Adding to the discussion and main conclusions presented in the chapters within Part II,  

a general discussion for making a comprehensive analysis of the theoretical, methodological, 

and practical implications of this work is due. After this exercise future study perspectives 

can be highlighted.  
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11.1 MAIN THEORETICAL AND METHODOLOGICAL RESULTS 
 

Identification of the most promising animal-based welfare  

indicators for dairy goat on-farm welfare assessment 

The identification of animal-based indicators is of paramount importance within the 

context of the EU Strategy for the Protection and Welfare of Animals 2012-2015 (European 

Commission, 2012), as it adds value to the policy of introducing science-based indicators to 

the current legal framework. However, up to this date, the information regarding animal- 

-based welfare indicators, particularly considering dairy goats, is scarce (Caroprese et al., 

2009; Johnsen et al., 2001), and focuses on very particular aspects of animal welfare.  

The extensive and comprehensive literature review conducted in chapter six allowed us to 

identify the most promising animal-based welfare indicators for dairy goats’ welfare 

assessment. The fact that the review was made within the frame of the four principles and 

12 criteria developed by the Welfare Quality project allowed us to deliver a list of indicators 

in line with the current concept of animal welfare. Moreover, given that it focused 

exclusively on indicators that could be used on-farm (excluding indicators that were too 

time consuming to collect or that required specific instruments or laboratory analysis or 

that were recorded on other locations that not the farm), the review supplied the 

foundations for the development of an on-farm welfare assessment protocol for dairy goats. 

For example, the literature review identified BCS as one of the most promising indicators 

for the assessment of the “good feeding” principle, but also with application on the “good 

health” principle. For the “good housing” principle, indicators related to thermal comfort 

seemed promising. As to the “good health” several indicators (e.g., lameness, claw 

overgrowth) were found, probably due to their attributed economic relevance. As to 

“appropriate behaviour” principle a few promising indicators such as agonistic behaviour 

and latency to first contact were also found. Overall, only one criterion within the principle 

“expression of other behaviours” remained without indicators.  Additionally, it is worth to 

mention that some indicators, such as BCS, hair coat condition and queuing (both at 

feeding and drinking) can be used to evaluate different criteria, providing information 

about several welfare aspects. 

Considering the importance of choosing scientifically valid welfare indicators, special 

attention was given to the assessment of the indicator’s validity, reliability, and feasibility.  

As a result, the review showed that the great majority of indicators required further 

adjustment or research, particularly at the reliability and feasibility level. Furthermore, 

most studies surveyed were designed and tested under experimental conditions; hence, to 

enhance the indicators' feasibility, the review suggested that further studies should be 

performed on commercial farms. The accomplishment of this first objective allowed us to 
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identify which indicators should merit further scientific attention in the context of this 

thesis, and which should be listed for future research.  

 

Development of the lameness and body condition scoring indicators  

for dairy goat welfare assessment 

As said, BCS and lameness were considered promising welfare indicators for dairy goat 

welfare assessment, however they both required further adjustment, by means of the 

development of new scoring methods, to be included in a practical on-farm welfare 

assessment protocol. Streiner & Norman (2008) discuss in the beginning of their book on 

health measurement scales how one of the characteristics of health sciences literature is the 

enormous amount of available scales, and they show some concern on how it seems that 

every article published uses a different approach to assess a given indicator, with the 

concurrent difficulty in comparing different studies. Anzuino et al. (2010) also shared this 

concern while discussing how different scoring definitions are used across welfare studies. 

Similarly, Churchill (1979) in a different field of knowledge, marketing, has stated: “more 

stupefying than the sheer number of our measures, is the ease with which they are proposed, 

and the uncritical manner in which they are accepted” (Churchill, 1979, p.64). Therefore, 

before developing the new scoring systems, attention was given to all the available scoring 

systems for BCS and lameness assessment, exploring the need for the development of other 

scoring systems14.   

Regarding BCS, as it is extensively discussed on chapter seven, we confirmed the need to 

develop an exclusively visual scoring system for BCS assessment that would allow the 

identification of the animals in extreme nutritional conditions (i.e., too thin or too fat), without 

the need to restrain them. As for lameness, the review highlighted that the definition of clinical 

lameness was unclear, with no established scoring systems being available. Particularly, the 

review identified sensitivity problems associated with the existing scoring systems, and 

suggested the development of a modified VAS. While most of the experimental work in this 

thesis is related to scale building, the two experimental settings pursuit different outcomes:  

for BCS the objective was to develop a more simplified scoring system, whereas for lameness 

the need was for higher measure accuracy. Moreover, the available scoring systems were 

shown not to meet the standard measurement criteria of validity, reliability and feasibility. 

As Streiner & Norman (2008) underline, the effort to develop another scoring system should 

only take place if the new system is either cheaper or simpler, or aims to provide a more 

refined assessment of the construct that is being assessed, or if the available scoring systems 

does not meet validity, reliability and feasibility criteria. These three psychometric 

proprieties, which are indistinguishably linked to the methodology of measurement, are the 

                                                             
14 Information regarding other BCS and lameness scoring systems can be found, respectively, in chapters seven and nine. 
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focus of this discussion and one of extreme importance regarding on-farm welfare 

assessment. 

 

Body condition scoring 

The work developed in this thesis was based in the understanding that animal welfare is a 

multidimensional concept (Botreau et al., 2008), hence needing a multidisciplinary 

approach15. There are several advantages associated with multidisciplinary work, namely the 

potential gains we can obtain by importing concepts and models from one discipline to the 

other (Lund, Coleman, Gunnarsson, Appleby & Karkinen, 2006). Animal welfare can be seen 

as pioneer in interdisciplinary research (Blokhuis et al., 2013; Lund et al., 2006), with several 

examples of cooperation being successfully explored between natural and social scientists. A 

good example of multidisciplinary work was the development of “welfare criteria” by the 

Welfare Quality project (Botreau et al., 2009). More recently, partnerships are being 

established with scientists from more technological fields such as computer vision. Computer 

vision is an umbrella term for all tasks pertaining the automated processing of images, or 

other sources of visual information. The type of problems that computer vision focuses on, 

goes from low signal processing (e.g., denoising and colour equalization), to more 

sophisticating levels, where it is expected that an automated system (e.g., a computer or a 

robot) “understands and reasons” based on visual information. With this later aim, concepts 

from computer vision have been applied in lameness and lying behaviour detection studies 

(Pluk et al., 2010; Porto, Arcidiacono, Anguzza & Cascone, 2013; Viazzi et al., 2013, 2014), 

and in BCS (Azzaro et al., 2011; Bercovich et al., 2013; Van Hertem et al., 2013). So, to 

develop the BCS indicator, concepts depicted from computer vision were applied in an 

innovative way to create a visual scoring system16. There are no references in literature 

regarding the application of computer vision concepts for this purpose.  

Alternatively to the development of a visual scoring system, an improved scoring system 

based on verbal descriptors of how observers should assess visually different body regions 

could have been tried. However, verbal descriptors are difficult to elaborate and even more 

difficult to understand, being therefore important to reduce the observers dependence on 

written descriptors (Bana e Costa & Beinat, 2005; Edmonson et al., 1989). Already with this 

notion in mind, Edmonson et al. (1989) developed a visual scoring system to assess BCS in 

dairy cows based on diagrams of visual cues of different body regions. The Edmonson et al. 

(1989) system was developed based on an interactive process that integrated literature 

review, interviews with experts, field testing, statistical analysis, and reviews from users. 

However, this methodology presents two potential flaws. The first is that it needs the 

                                                             
15 On chapter two the multidimensionality of animal welfare is discussed. 
16 All the methodological details are clearly explained in chapter seven. 
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assessment to be performed considering a total of eight different anatomical locations.  

The second flaw is that it relies on expert assessment, which can be biased towards their own 

experience in the field. In goats this might be particularly problematic due to the different 

types of breeds used in intensive production systems. 

The methodology developed in this thesis relied on the identification of only one anatomical 

location of the goat that would allow for a valid BCS, and subsequently on the development of 

a system that conveyed the appearance of a representative animal from each category being 

assessed. This methodology was performed with the belief that after defining a representative 

image for a given category, the observers would be successful in scoring subsequent sets of 

new images. The challenge was then to develop the concept of a representative image.  

To meet the goal, computer vision concepts were applied at two different levels: at a lower 

level for the manipulation of images with the aim of improving data quality, and at a higher 

level of analysis that allowed identifying what was a "typical" element of a given BCS 

category. A further addition to the method was the scientific illustration of the representative 

images. Scientific illustration is known in anatomical drawing, and was applied here with 

great success. The systematic approach for the creation of visual scoring systems has the 

potential to be applied in the building of similar scoring systems for other species, or on 

building scoring systems for other indicators that rely on visual cues.  

Furthermore, in terms of methodology, the identification of the threshold images allowed 

users to interiorize the border of each category, which helped them to improve their 

recognition of the representative images, and consequently enhanced reliability. The concept 

of threshold images can be exported to other indicators training, representing a potential way 

to improve reliability, a common aim associated with the development and integration of 

welfare indicators (Brenninkmeyer et al., 2007; Gibbons et al., 2012; Knierim & Winckler, 

2009; March et al., 2007).  

The methodology here described was developed in parallel with a concurrent validation 

process that was possible due to the existence and use of an already established method for 

BCS, the Hervieu & Morand-Fehr (1999) method. As reviewed by Botreau et al. (2007),  

an overall animal welfare assessment system may only be valid if the indicators that integrate 

it have established validity. Therefore the experimental design for the development of the 

BCS indicator was important in terms of scientific acceptability of the new scoring system. 

Another important asset of the experimental design was that it did not consider the reliability 

of the new scoring system to be an absolute propriety, but the result of an interaction 

between the system and the group of observers (Streiner & Norman, 2008). Therefore, when 

developing the reliability studies, attention was given to previous experience of the observers, 

and to the effect of training. This allowed us to identify how previous experience and training 
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affects reliability results, which reinforced previous studies (Ferguson et al., 1994; Kristensen 

et al., 2006). 

Lameness 

Regarding the lameness indicator, the objective was to assess the grounds for developing a 

modified VAS. However, as discussed in chapter nine, before developing this scoring system 

it was imperative to investigate the distribution of different gait and posture signs along the 

scales’ continuum. The strategy adopted to address this question was two-fold. First,  

the ability to recognize intensity increase or decrease in lameness signs was confirmed.  

This was followed by the investigation on how different gait and posture signs were scored 

individually in a VAS. 

These questions could have been answered by selecting an expert in lameness scoring in 

goats that would provide the information needed. However, as pointed by Streiner (1993) 

while developing a scoring system it is better to take advantage of the clinical experience of a 

panel of experts, rather than relying on one person personal experience. Moreover, Streiner 

(1993) also points out that is important to take into account that there is always the danger 

that when the panel of experts is chosen it is biased towards a particular occupation and 

experience, as the panel is usually gathered by invitation, resulting in a limited range of ideas.  

Reliability of lameness scoring systems in goats has never ben explored. However, reliability 

studies on dairy cows and ewes have shown that observers have different aptitudes to 

discriminate levels, with this being highly dependent on their experience and training 

(Brenninkmeyer et al., 2007; Kaler, Wassink & Green, 2009; Kaler et al., 2009; March et al., 

2007; Nalon et al., 2014; Winckler & Willen, 2001). Although these studies were not 

performed on goats, there seems to be no reason to assume that these difficulties will not be 

found on lameness scoring in goats, and should therefore be explored. 

For these two main reasons, for our experimental design it was important to collect a large 

number of lameness scorings. Looking into literature the most frequent way of collecting 

observers scorings are face-to-face meetings, generally workshop sessions where videos were 

shown to participants. However, considering the logistic costs associated with the 

organization of such meetings, the expected low rates of participation and subsequent low 

numbers of observations collected, it was decided to explore the use of a web-survey to collect 

observers’ lameness scorings17. To the best knowledge of the author, this was the first study in 

which a web-survey was used with the objective of collecting information regarding the 

assessment of a health indicator in the veterinary field. 

One important part of the development and application of the web-survey was the web- 

-survey preparatory stage. The video collection and preparation, and their scoring by experts 

were an important part of the experimental design. The option to create 82 video clips and 

                                                             
17 The design and implementation of the web-survey are described in chapter eight. 
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their random assignment in the web-survey was important to guarantee a diversity of 

examples for scoring, instead of only relying on a few cases.  

To guarantee a large amount of answers, besides a good distribution of the web-survey 

through different associations and organizations, special attention was given to the building 

of an attractive platform design (e.g., intuitive graphical interface, help-buttons, photos that 

illustrated concepts), and provision of clear explanations of what was intended  

(e.g., definition of the scoring system and lameness signs). Still considering the platform 

technological advantages, the possibility to automatically measure and store the respondent’s 

assessment allowed the research team to save a lot of time, and was also a more trustworthy 

approach as recording mistakes were prevented.  

The web-survey was online for approximately five months and had 2,312 views that resulted 

in 600 participations, hence demonstrating a very good diffusion and showing how this topic 

elicited interest and curiosity. Still, the difference between views and participations should be 

further debated. Given that there is no data to properly discuss this, it can only be speculated 

that this difference was due to the species in assessment – when participants saw the goat 

videos, and not having a lot of experience with the species, chose not to participate. On the 

other hand it is a strong point for data quality as the participants that actually finished the 

web-survey showed interest and therefore their assessment was surely performed to be best 

of their knowledge. Another option for this non-finishing number was that the survey was too 

long. However, there was evidence from another study using an experimental design with 

some similarities, that the use of eight videos was considerate adequate in terms of time 

(Kaler & Green, 2008).  

The web-survey allowed for the collection of 570 real participations, the highest number of 

participations in similar studies18. But more important was the diversity of the respondents’ 

education, occupation and experience. It was the first time a tool for data collection was able 

to congregate such a large variety of backgrounds and experience. For this reason the web- 

-survey was an effective way of collecting respondents scorings needed for the indicator 

development. 

Regarding the development of the modified VAS we reached two important conclusions19. 

The first was that respondents presented different difficulties in discriminating lameness 

descriptors, and that these difficulties changed with the lameness sign. Therefore,  

while developing such scoring systems, the integration of lameness signs has to be carefully 

investigated as it might influence the respondents scoring. The second conclusion was that 

the scoring of the different lameness signs was not evenly spaced along the VAS continuum. 

These results suggest that it is relevant to set a new approach for the development of 

modified VAS, as already intuited by Tuyttens et al. (2009), showing that the exact location 
                                                             
18 For more information regarding other studies collecting observer's ratings refer to chapter nine. 
19 The discussion leading to these conclusions is presented in chapter nine.  
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of the thresholds along the VAS continuum has to be carefully assessed, and that lameness 

signs to be included in the VAS segments should be carefully investigated. These results can 

be seen as the basis for the development of new modified VAS for lameness scoring in goats, 

but are also relevant for research in modified VAS in other species.   

Regarding the data analysis methodology, the cardinal consistency assessment design proved 

to be an effective way of analysing lameness data, excluding respondents that were not true- 

-respondents, but allowing for individual variation to be considered. Although this 

methodology represents an innovative way of assessing lameness data consistency, it is in 

line with the finding of inconsistencies in inter-observer reliability lameness studies. 

Therefore, the results found in this study can be compared with the aforementioned 

reliability studies. From this comparison it can be understood that the difficulties in 

lameness scoring in goats are similar to the ones found in other species. In this study, almost 

all the respondents were able to differentiate the severely lame from the non-lame goats, 

which is in line with results from previous studies in dairy cows and ewes (Brenninkmeyer 

et al., 2007; Kaler et al., 2009; March et al., 2007; Winckler & Willen, 2001). However,  

only less than half distinguished non-lame goats from the slightly lame ones, corroborating 

for goats what was already concluded for other species – most difficulties in lameness scoring 

are found in the lower end of the scales (Brenninkmeyer et al., 2007; Kaler et al., 2009; 

Nalon et al., 2014; Winckler & Willen, 2001). Additionally, it was possible to analyse that 

observers showed an aptitude to differentiate the moderate from the severe cases, 

contradicting the recommendation to aggregate lameness categories given by some authors 

(Brenninkmeyer et al., 2007; Channon et al., 2009), and showing that following that 

recommendation might represent an important loss of information, by failing to detect 

moderate cases before they become severely lame.  

 

Integration of indicators in a dairy goat on-farm welfare assessment prototype 

After developing the BCS and lameness indicators, these were integrated, together with other 

22 promising ones, in a welfare assessment prototype developed by the AWIN project.  

This prototype, that included both pen and individual level observations, was tested in thirty 

Portuguese dairy goat farms, organized in three size categories. This was the first overall 

welfare assessment of dairy goats in Portugal, and to the author’s knowledge, of any country 

in the Mediterranean region. Moreover, it was the first study to assess animal-based 

indicators while considering different farm size categories.  

This study allowed us to have an insight on the main welfare problems affecting dairy goats 

in Portugal, identifying as main areas of concern: the presence of a large proportion of  

goats with claw overgrowth, very fat animals, poor hair coat condition, and improper 
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disbudding. Moreover, a lot of animals were observed while queuing at feeding20. Although 

the prevalence were independent of farm size, it was shown that larger farms tended to 

present higher prevalences and so should be viewed with more concern. Likewise, Stafford & 

Gregory (2008) state that increase in herd size is often associated with a reduction in the 

human: animal ratio and so with less time to observe individual animals. Analysing  

the variation in the indicators’ prevalence, an overall consistency of results was evident. 

Moreover, the majority of indicators presented similar prevalences when compared with 

previous studies (Anzuino et al., 2010 in UK; Muri et al., 2013 in Norway), suggesting 

common problems in different countries.  

The knowledge of the prevalence of the welfare indicators in dairy goat farms provides 

information on the general health and welfare status of the farms, and enables the future 

determination of thresholds of acceptability, information that is of extreme importance to the 

dairy goat industry, as was previously highlighted by Muri et al. (2013). Setting these 

thresholds is important to stakeholders. For example, they allow farmers, veterinarians and 

other technicians to identify main welfare issues in their own farms, and therefore set plans 

of action to improve the general welfare/health condition. A similar tool for farmers 

developed with the purpose of monitoring and hence improving the animal welfare 

performance of their businesses was recently set by Colditz et al. (2014). The knowledge of  

thresholds is also important to improve legislation on animal welfare, when considering the 

use of animal-based indicators. Moreover, it is important for certification schemes and for 

consumers as a way to introduce transparency in welfare assessment and product 

differentiation. This is in line with the concept of benchmarking (welfare comparisons among 

a given farm population) emphasized in the 2012-2015 EU strategy (European Commission, 

2012). By promoting benchmarking voluntary schemes among farmers, the European 

Commission expects to improve enforcement of the EU legislation in a consistent and 

transparent way across the Member States, better inform the general public on animal 

welfare issues, and at the same time encourage competitiveness among livestock producers. 

 

 

11.2 PRACTICAL APPLICATIONS 
It is hard to separate the practical applications of the work conducted during this thesis from 

the overall objective of the AWIN project, in which it was inserted: the development of an  

on-farm welfare assessment protocol for dairy goats in intensive systems. However,  

the scoring systems developed and the knowledge gained by both the literature review and 

the integration of the indicators, go further beyond the scope of the AWIN project and have 

multiple applications in the welfare/health assessment field.  

                                                             
20 For data regarding all the indicators in assessment, refer to chapter ten. 
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The first practical application of the work was the identification of the 24 animal-based 

welfare indicators with inherent value to be included in welfare assessment protocols.  

This review set the basis for the development of the AWIN welfare assessment protocol, but 

can also aid other researchers to develop further systems for dairy goat welfare assessment 

with different aims. The 24 animal-based welfare indicators identified are: BCS, queuing at 

the feed barrier and at the drinker, hair coat condition, displacements at the feed barrier and 

at the drinker, resting in contact with the wall, shivering and panting score, kneeling at the 

trough and in the pen, lameness, claw overgrowth, lesions and swellings, teats and udder 

abnormalities and conformation traits, abscesses, vulvar, ocular, and nasal discharges, ear 

tear, improper disbudding and dehorning, avoidance distance test, latency to first contact, 

and qualitative behaviour assessment.  

The development of the BCS indicator resulted in a valid and reliable visual BCS system that, 

with minimum animal handling, allows for a simple and expedite individual assessment of 

the goats, enhancing BCS feasibility as a welfare indicator. The reliability studies showed that 

the visual scoring system was by itself clear and unambiguous, and therefore suitable to be 

used even with low levels of training. This is a valuable characteristic, particularly in the 

context of welfare assessment, where it is likely that assessors have different levels of 

experience (Waiblinger et al., 2001). Nevertheless, training did have a positive effect on BCS 

assessment reliability. For that reason, the training material, innovative due to the use of 

threshold images, is also of practical value for potential users of the scoring system. 

Because of what was mentioned above, the AWIN BCS system has the potential to be applied 

in different circumstances where welfare assessment schemes can be applied, namely on 

research, legislative requirements, and certification schemes. Thus, it is expected that the 

scoring system will have a high acceptability among stakeholders. However, its application 

within advisory/management tools requires some further attention as it is going to be 

detailed in the next sub-chapter.  

The reliability studies allowed us to establish how previous experience and training 

influences the final results. This information is of practical value for both users of welfare 

protocols (it highlights special care that has to be followed on selecting and training 

observers), and scientists developing reliability studies. 

While conducting the studies for the development of the modified VAS for lameness 

assessment, it was observed that almost all the respondents were able to differentiate the 

severely lame from the non-lame goats, and a considerable amount of respondents showed 

an aptitude to differentiate the moderate from the severe cases; whereas less than half were 

able to clearly separate the slightly-lame goats from the non-lame.  

As already discussed for the BCS indicator, in welfare assessment it is common that observers 

have different levels of experience (Waiblinger et al., 2001), and consequently it is reasonable 
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to considerer one should not expect a great aptitude in lameness assessment. Moreover,  

by visiting commercial intensive dairy goat farms during the course of the project it was 

possible to perceive how difficult it is to find a standardized location to assess lameness 

across different farms. In some farms it was possible to observe animals at the exit of the 

milking parlour, in others when goats were entering, and in others none of these options 

were possible and other locations had to be found. The only location that was common across 

farms were the pens. However, as Anzuino et al. (2010) mention in their study, the lameness 

prevalence observed while the goats are in their pens (with soft straw flooring) is usually 

lower than when goats are walking on hard surfaces. This difficulty in standardizing the 

location to conduct lameness assessment in goat farms, together with the fact that observers 

with different levels of experience in lameness assessment were only consistent in assessing 

the severe cases of lameness, as well as the high stocking density and limited time for 

assessment, led to the decision to only integrate the observation of the most severe lameness 

cases in the AWIN protocol. The authors understand this represents an important loss of 

information regarding the lameness status of a farm, however, given the constraints,  

it was the most feasible approach to the integration of this indicator in the welfare protocol.  

A solution found to overcome this limitation and allow a higher level of lameness assessment 

in farms was the development of a learning object, namely an Application, on lameness called 

the WelGoat (the Application can be found in http://animalwelfarehub.com/Learning 

Materials/Details/120). This tool applies the conclusions drawn from the studies for the 

development of the modified VAS, in a practical way, to help users identify moderately and 

severely lame goats. The Application is intended for different stakeholders, namely farmers, 

veterinarians and other technicians; but it also has the potential to be used by researchers 

and students as it has an educational component. Other two great assets of the Application 

are that it allows for recording the evolution of the lameness status of different animals, and 

it also presents important information on claw overgrowth in its relation to lameness, a work 

developed by WP2 of the AWIN project. Additionally, this kind of approach represents an 

effort to communicate the research findings to a broader audience, which is valuable in terms 

of knowledge dissemination in science. 

Finally, the knowledge of the main welfare issues affecting thirty Portuguese intensively kept 

dairy goats, contributed to determine intervention thresholds and guidelines for each welfare 

indicator that are of enormous value in the context of benchmarking of farms in general,  

and of the goat industry in Mediterranean countries in particular, helping to improve the on-

farm general welfare condition of this production sector. As suggested by Muri et al. (2013), 

setting of acceptability thresholds can aid the development of welfare advice tailored 

specifically to each farm in assessment. 
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The biggest contribution of measuring “is in taking the guesswork out of scientific 

observation” (Nunnally & Bernstein, 1994, p.6), therefore leading to more objective 

observations. Replication of experiments is one of the key principles in science; however,  

for a team of scientists to replicate other team’s work, they have to trust the measurement 

tools the first team used in their experimental design (Nunnally & Bernstein, 1994).  

The biggest practical contribution of this thesis is the discussion of measurement requisites. 

This discussion aims to draw the attention of researchers about the importance of properly 

assessing existing measurement tools before using them, and discuss some of the necessary 

requisites when developing new scoring systems. 

 

 

11.3 LIMITATIONS OF THE RESEARCH WORK 
AND THE RESULTS PRESENTED  

The first limitation that has to be highlighted is the choice of the target of all the research. 

Taking into account the trend found in goat productive systems around Europe, and the 

challenges associated with very intensive systems in animal husbandry, special emphasis was 

given to intensively bred adult dairy goats. The literature review, and the indicators 

developed and tested for integration on the protocol were all concentrated on adult lactating 

goats, and did not consider other productive categories such as kids, young female or dry 

goats. For this reason the on-farm assessment performed may not deliver a full picture of the 

general welfare in a dairy goat farm. However, given that adult lactating goats are more 

numerous and constitute the productive category in higher welfare risk, it is possible to have 

a sufficiently accurate idea of the welfare status of the farm. 

Other limitations are associated with inherent methodological weaknesses that can 

potentially hamper the results obtained. Considering the BCS system development, the main 

limitations include the decision to focus only on three assessment categories: very thin, 

normal and very fat goats. This decision made sense taking into consideration that the 

objective was to increase the indicator's feasibility by developing an exclusively visual BCS 

system. In this sense, as already presented in the sub-chapter on practical applications of our 

results, the AWIN BCS can be applied in research, legislative requirements, and certification 

schemes within the scope of animal welfare. However, in terms of production the very thin 

and very fat animals represent BCS scores that should not be present on a farm, and 

therefore are of limited use in terms of advisory and management information. In order to 

overcome this limitation, the visual scoring system can be extended to other BCS categories. 

This objective was not pursued given that this was not the overall objective for this particular 

indicator, but also because methodologically it is was not feasible. 
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The development of such a scoring system was possible given that there was a high 

correlation between the visual cues on the rump region and the BCS of the goats, and this 

allowed for the development of the concept of representative animals of a given category.  

For the development of such representative animals we used 171 goats from the most 

common breeds found in intensive production systems. The breed type introduces variability 

and influences the extent to which the rump visual cues reflect BCS. To attempt to overcome 

this variation, special attention was given to the unbiased body measurements and shape 

alignment procedures. However, even after these procedures, it was still possible to observe a 

large variability between breeds’ visual cues and BCS, only allowing for animals’ classification 

in the three categories presented. In order to overcome such limitation and develop a more 

sensible scoring system we would have to create separate scoring systems considering each 

breed. However, this option would render the system non-practical for the purpose for which 

it was developed. In this sense, it should be reinforced that the AWIN scoring system does 

not aim to replace the current BCS in use, the Hervieu & Morand-Fehr (1999) method that is 

valuable as an effective production monitoring system.  

Another limitation regarding the development of this indicator is that it is potentially biased 

towards the breeds commonly found in Portuguese intensive farms (Saanen, Alpine and 

Murciana), and was found to have a more reduced application on other autochthonous 

breeds such as the Portuguese breed Serrana. 

Concerning the lameness indicator, some limitations were also found and should be 

discussed. One of the first is that in the web-survey the experts used an ordinal scale to score 

the videos, but the respondents scored lameness signs using a different assessment tool.  

This previous scoring was essential to compare the survey respondent’s scores with an overall 

lameness scoring, this being a strategy followed in other studies (Nalon et al., 2014)21. 

However, as already presented, there is no universally established scoring system for 

lameness scoring in goats, which introduces some validity questions with this overall scoring. 

The scoring system chosen, the one developed by Anzuino et al. (2010),  

was selected due to its expected face validity as it proved to be efficient in identifying and 

scoring different levels of lameness in goats housed in a considerable amount of similar 

farms. The experimental design accounted for this constraint as it has been demonstrated 

that, in the absence of a gold standard method, a scoring system can be evaluated by 

assessing its reliability (Shrout, 1998). 

Regarding the web-survey methodology its main limitation was that the recruitment strategy 

did not ensure a true random sampling of respondents. However, as discussed in chapter 

seven, it is always a risk to make generalizations between a sample and the target population. 

                                                             
21 Borderas, Fournier, Rushen & de Passillé (2008) and Chapinal, de Passillé, Weary, von Keyserlingk & Rushen (2009) found 
that observers gave higher correlations between an overall lameness score and some specific gait and posture signs. However, 
Van Nuffel et al. (2009) showed that observers detected some lameness signs more frequently than others.  
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The fact that the web-survey link had a wide distribution, including the main international 

farm animal associations, universities and research institutions on farm animal behaviour, 

allowed for a probable reduction of biases, at least when compared to the frequent way 

lameness assessment studies collect observer’s ratings (small groups of observers in 

workshops or conferences or by experts opinions). However, the results presented should 

always assume some margin for mistake. Another limitation associated with the recruitment 

strategy was that because data was collected online, and therefore without supervision, it is 

not possible to guarantee that respondents understood the full range of what was being 

asked, or if they were answering the survey to the best of their knowledge and perception. In 

order to overcome this limitation, attention was given to a proper elaboration of guidelines, 

and the experimental design made use of the technological tools to enhance the respondents 

understanding. Additionally, it was established a rule that allowed us to verify true 

respondents. For example, if the participant did not change the default value of level of at 

least one individual VAS, he/she was not considered a respondent and his/hers assessment 

was not considered. Moreover, the data analysis strategy accounted for this possibility. While 

looking for consistency among the respondent’s ratings, four competence levels based upon 

four cardinal consistency levels (Keeney, 1976; Keeney & Kirkwood, 1975) and literature 

found in lameness assessment (Brenninkmeyer et al., 2007; Kaler et al., 2009, 2009; March 

et al., 2007; Nalon et al., 2014; Winckler & Willen, 2001) were established. These 

competence levels determined the minimums and higher levels of competence in lameness 

assessment. For the purpose of assessing true respondents the first cardinal consistency level 

established that all respondents would have to distinguish between non-lame and severely 

lame animals. 

 The 10% of respondents that could not differentiate between these two levels of assessment 

should be analysed with care, as it is always important to discuss if they are in fact 

inconsistent in lameness assessment or should be considered as true non-respondents.  

The cardinal consistency levels assessment is therefore an adequate way of accounting for 

this type of problems. 

Another limitation of the study on the on-farm welfare assessment of dairy goat farms using 

animal-based indicators was connected to sampling. The study population was “dairy goats 

in farms under intensive production system in Portugal”. Accordingly to information 

delivered by DGAV, in the beginning of January 2014 there were a total of 269 farms under 

intensive production system. In order to have a representative sample of farms that would 

allow extrapolating the results of the study to the Portuguese reality, the number of sampling 

units to test would be drawn assuming for instance, a 50% expected ratio (as before data 

collection reference prevalence were not available), an absolute error of 5%, and calculating 

the minimum sample size for a 95 % confidence level. This would give a minimum number of 
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205 farms, a number much higher than the 30 dairy goat farms visited in the study. However, 

due to project execution constraints the number of Portuguese farms was pre-determined by 

the AWIN project, to a total of 30 farms. Therefore, this study can only allow us to have an 

indication on the main welfare problems affecting dairy goats in Portugal. Still, this study 

presents the first overview of this reality on Mediterranean countries, contributing to an 

increase awareness of the main welfare issues affecting intensively kept dairy goats, and 

enhancing the definition of intervention thresholds and guidelines for each welfare indicator, 

that can aid to improve the on-farm general welfare conditions. 
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Future research perspectives  

 

 
Chapter 12 presents some future research perspectives. 

 

 

 

 

Throughout the last chapter, while discussing the main theoretical and methodological 

results and presenting its limitations, it was possible to identify that some of the work 

developed can be taken to another level. Therefore, before finishing, we would like to present 

a perspective of research that could follow the work in this thesis.  

As discussed in chapter six, the literature review was a starting point for the identification of 

animal-based indicators in dairy goats. In this sense, animal-based indicators associated with 

other categories, such as dry goats, kids, and bucks, should be identified. Only after 

accomplishing this, will it be possible to add information to the AWIN protocol for lactating 

goats in order to develop a complete on-farm welfare assessment protocol for dairy farms. 

Furthermore, this research should be extended to other production systems (e.g., meat and 

fibber) and to extensive husbandry systems. But more than identifying animal-based 

indicators, future research regarding animal-based welfare indicators for goats should focus 

on the development and integration of already identified indicators as highlighted in chapter 

five, but also on the validation of new indicators to assess criteria that presently have fewer 

indicators, e.g., positive indicators22. 

Regarding the development of the BCS indicator, it is possible to identify two different future 

research paths. The first one, with the already developed scoring system, that would aim to 

integrate this indicator in welfare assessment schemes with advisory purposes. For this to be 

possible a connection would have to be established between the number of goats scored as 

very thin and very fat, and the overall BCS condition of a determined group of animals.  

In this sense, the AWIN scoring system would allow to set a maximum number of very thin 

and very fat animals that would trigger a second level assessment, which would be conducted 

using the Hervieu & Morand-Fehr (1999) method. The implementation of this two level 

evaluation would be extremely valuable for routine farm management.  

                                                             
22 For a more detailed analysis on positive indicators’ assessment see, e.g., Yeates and Main (2008). 



CHAPTER 12 | FUTURE RESEARCH PERSPECTIVES 

154 

The second path of research would be to pursuit the multidisciplinary work developed. With 

the aim of further refining the BCS system, more images would have to be collected. In this 

sense, the image acquisition conditions were efficient for their purpose but required careful 

control of conditions such as: i) keeping the animals still; and ii) the rumps aligned with the 

camera. An improvement in data collection would be to move towards a more realistic 

scenario, where a fixed RGB-D camera would be placed on top of the animals' normal path 

(e.g., at the exit of the milking parlour), and using the collected 3D meshes it would not be 

necessary any sort of animal handling23. The feasibility of using 3D cameras to estimate BCS 

is already being tested with success in dairy cows (Kuzuhara et al., 2015; Weber et al., 2014). 

This type of multidisciplinary research and development effort was considered by Morand- 

-Fehr et al. (2004) as a strategic option for goat farming in our century. Also, considering 

animal welfare research, the possibility to move to a complete automated assessment system, 

would enhance the efficiency of on-farm protocols. Finally, the methodology used for the 

development of this indicator can be applied to BCS in other species, or even to other 

indicators that rely on visual cues.  

Regarding the lameness indicator, an immediate focus of future research is the development 

of the modified VAS. The results presented showed that for the development of this scoring 

system it was paramount to assess the exact location of the thresholds along the continuum 

of the VAS24, as its distribution was not even, and furthermore justify the inclusion of 

different lameness signs for the labelling of the resulting segments. To be able to explore 

these questions a possible path is to develop the new modified VAS based on machine 

learning, namely on data mining techniques. Data mining techniques are generally used for 

knowledge extraction from data with the objective of finding predictive patters, built upon 

different variables or features, that are useful to classify different individuals into categories 

(Provost & Fawcett, 2013).  Data mining problems can be of two types: supervised learning, 

when there is a specific independent target variable that determines the grouping of the 

observations, and unsupervised learning when such target variable does not exist (Provost  

& Fawcett, 2013). Among the different data mining techniques for supervised classification, 

the techniques that apply to our context, decision tree methods are the most appealing 

because they represent results in a simple format that is easy to interpret and that allow to 

study the structure of decisions in the classification process (Stiglic, Kocbek, Pernek  

& Kokol, 2012). Data mining techniques are traditionally used in business problems (Provost 

& Fawcett, 2013), but in recent years have entered the realm of  medical decision-making, 

                                                             
23 This is also already being tested for features associated with lameness, namely in studies like Pluk et al. 2010 and Viazzi et al. 
(2013, 2014). 
24 The need to assess the distribution of the thresholds along the continuum of the VAS was intuited by Tuyttens et al. (2009), 
without, however, assessing for this assumption.  
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(Kutasi, Balogh, Lajos, Nagy & Szenci, 2011; Nowotny, Rospars, Martinez, Elbanna & Anton, 

 

2013; Paul, Groza, Hunter & Zankl, 2012), animal behaviour (Kubinyi, Turcsán & Miklósi, 

2009), identification of risk factors for behavioural problems (Nagy, Reiczigel, Harnos, 

Schrott & Kabai, 2010). 

The results presented in chapter nine also showed that the respondents presented different 

difficulties in discriminating lameness descriptors, and that these difficulties changed with 

the lameness sign25. Therefore, it would be interesting and important to verify, by means of 

multivariate statistics, whether there are significant differences in the respondents' 

performance associated with their education, occupation, previous experience, and other 

characteristics of the respondents such as age or sex26. Additionally, the development of tools 

to avoid inconsistencies in evaluation and to enhance assessments would be valuable.  

For example, using the technological advantages of web-surveys, a tool might be created 

where the respondent received feedback on inconsistencies in lameness scoring, and where 

they would be given the possibility to repeat assessments.  This would be especially valuable 

in training programmes. Furthermore, these results consider an individual assessment of 

each lameness sign, hence it would be interesting to verify what would be the ability of the 

respondents in distinguishing lameness if the three signs (gait, head nodding and arched-

back) were considered simultaneously. 

Finally, the study on the on-farm welfare assessment of dairy goat farms using animal-based 

indicators opens several lines of research. Although animal-based indicators are for several 

reasons preferred over resource-based indicators27, they are generally more time-consuming, 

when compared with environmental-based observations. Thus, an important line of research 

is on sampling procedures that will allow focusing the assessment of a reduced, but 

representative, number of animals 28 . Additionally, the connection between animal and 

environmental-based indicators might be another strategic path to reduce the time, and 

hence cost, associated with the assessment of these indicators. Furthermore, different studies 

point that the most valid assessment of animal welfare is achieved when these two categories 

of indicators are used in association (Johnsen et al., 2001; Waiblinger et al., 2001), therefore  

it is important to direct research towards the identification of the most valid indicators in 

these two groups. This type of research is also important, in a trend context that some 

scientists defend, than the role of science in animal welfare should be in identifying and 

                                                             
25 Further information is presented in chapter eight.  
26 Previous work have identified that experience (Brenninkmeyer et al., 2007; March et al., 2007; O’Callaghan et al, 2003) and 
occupation (Kaler & Green, 2008; O’Callaghan, 2002; Whay et al., 2003) have influence on lameness scoring. These studies 
were conducted on dairy cows and ewes, to our knowledge there are no studies available for goats. There is also a study that 
shows how expectation bias may invalidate subjective recordings of behaviour (Tuyttens et al., 2014). 
27 For further information on advantages and disadvantages of animal and resource-based indicators refer to chapter three.  
28 This is a line of research that has been currently receiving a lot of attention For examples see Endres, Lobeck-Luchterhand, 
Espejo & Tucker (2014), Hoffman, Moore, Wenz & Vanegas (2013), Mullan et al., (2009), and Waiblinger & Menke (2003). 
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further preventing welfare problems, instead of focusing on attempts to measure animal 

welfare as a whole (Fraser, 1995). 

Other important research questions related to reducing the time and costs associated with 

animal welfare assessment is the assessment of the stability of results associated with the 

assessment of farms (Knierim & Winckler, 2009; Sørensen et al., 2007). In chapter ten  

a preliminary assessment of the indicators consistency over time, is presented, but further 

research is needed to identify indicators that, when selected, will allow for a reduction  

of farm visits29. Finally, research aiming to assess the famers' motivation to adopt animal-

based indicators to evaluate their daily practices is fundamental to increase the likelihood 

these measures enter the farms’ routine. 

 

                                                             
29 More information about this issue is discussed in chapter four.  
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